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This section describes the suitability of the Black Butte Copper tailings, and identifies the local 
cementitious binders available in Montana and incorporated into the cement paste (CP) mix 
designs tested to date by Amec Foster Wheeler and others in 2015 for use in cemented paste 
for surface deposition (into the CTF) and for cemented paste backfill (CPB) (into the 
underground workings). 

The following sections will: 

 Present the physical, chemical, and strength characteristics of the BBC tailings. 

 Define the physical targets of the paste mix designs for surface deposition and for 
cemented paste backfill. 

 Define the different binder types. 

 List the standardized testing methods for the binders, tailings water, and paste, 

 Identify the local sources of the different available, sustainable, and cost effective 
binders. 

 Reports the laboratory test results for the binders, tailings water, and two paste mix 
designs (one containing 2% binder and another containing 4% binder) that are fully 
presented in Appendix K5 of the MOP Application.  

 Include pictures of the cylinder and cone slump tests for the 2% and 4% binder pastes 
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K5-A.  Tailings Characterization and Laboratory Test Results 

 
Black Butte Copper (BBC) tailings samples were prepared by International Metallurgical and 
Environmental Inc. and shipped to the Amec Foster Wheeler (Amec) laboratory in Hamilton, 
Ontario for characterization and analysis in order to help in the paste mix designs for surface 
deposition and back-filling underground workings.  The tailings samples originated from one 
source (related to the BBC Project) and were sent to Amec in two separate batches 
(shipments). 
 
The first shipment consisted of three buckets containing filter cake packaged in plastic bags and 
labeled as “LCT tailings” containing ~36 kg of dry tailings (Amec sample number S153-15 A-C) 
and were received on May 28th, 2015.  The second shipment consisted of two buckets 
containing filter cake packaged in bags labeled as “LCT tailings” containing 43.0 pounds (19.5 
kg) of dry tailings (Amec sample number S173-15 A-C) and were received on June 17th, 2015.  
Process water was decanted from each tailings sample of the as-received filter cake materials 
and saved.   
 
Tailings samples from each batch were oven dried at 105°C (221°F).  The tailings material from 
the first shipment (S153-15) was used for a full tailings characterization.  For the material in the 
second shipment only basic characterization was conducted in order to verify the consistency of 
the tailings. 
 
The tailings may be characterized using physical and chemical methods as defined in Table 1 
below.  Amec Wheeler Foster Laboratory in Hamilton, Ontario, Canada conducted the index and 
hydraulic conductivity testing.  SGS Canada Inc. in Lakefield, Ontario (Canada) conducted the 
acid-base accounting ABA analyses.  MAXXAM Analytics in Hamilton, Ontario (Canada) 
conducted the water analysis.  Other tailings test results from BBC different tailings samples 
have been previously reported by Knight Piesold (2016) in Appendix K. 
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Table 1.  Physical, Chemical, and Mineralogical Methods for Tailings Materials Characterization  
Characterization 
Type 

 
Method 

 
Method Description 

Physical 

ASTM D422 
Standard Test Method for Particle 
Size Analysis of Soils (using a 
hydrometer) 

ASTM D854 
Standard Test Methods for Specific 
Gravity of Soil Solids by Water 
Pycnometer 

Laser Particle Size 
Distribution using a 

Particle Size 
Analyzer 

Malvern Mastersizer 2000 – MIIA 
14730:  a representative sample 
was suspended in 20mL of highly 
purified and deionized (Milli-Q) 
water manufactured by Millipore 
Corp.   The suspension was 
immersed in a low-power (47 kHz) 
ultrasonic bath for 1 minute to aid in 
disrupting any loosely bound 
agglomerates, prior to transfer to 
the measurement cell for analysis 
and analyzed in Milli-Q water.  One 
measurement performed on the 
sample. 

    

Chemical 

Elemental Analysis Various 

Acid-Base 
Accounting (ABA) 

SGS Canada Inc.:   
ABA Modified Sobek 

   

Mineralogical 
X-Ray Diffraction 

(XRD) 
XRD of powdered samples 
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Table 2.  Summary of physical test results of tailings. 

Tailings sample LCT Tailings 

Sample ID Number S153-15 S173-15 

Test Method Results 

Hydrometer 
(ASTM D422) 

100% passing 0.85 mm 0.25 mm 

80% passing ~25 m ~30 m 

<75 µm 98.3% 99.1% 

<20 µm ~75% ~68% 

Laser particle 

size 

distribution 

P10 (d(0.1)) 1.9 m 1.6 m 

P50 (d(0.5)) 14.4 m 12.3 m 

P80 (d(0.8)) 40.6 m 34.2 m 

<75 µm 94.2% 96.5% 

<20 µm 58.9% 63.6% 

 
Specific gravity (SG)  ASTM D854 

 
3.542 3.857 

                                Note:  Data from Amec Foster Wheeler in Hamilton, Ontario, Canada 

 
 
 
 
 
 
 
Figures 1 through 2 below show hydrometer particle-size analyses for the tailings samples. 
 
Figures 3 and 4 below show the laser particle size analyses for the two tailings samples. 
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Figure 1 Hydrometer particle size analysis of tailings sample (S153-15) 
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Figure 2 Hydrometer particle size analysis of tailings sample (S173-15) 
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Figure 3 Laser particle size analysis of tailings sample (S153-15) 
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Figure 4 Laser particle size analysis of tailings sample (S173-15) 
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Table 3 below shows hydraulic conductivity results from the tailings sample. 
 
 
Table 3.  Hydraulic Conductivity of Tailings. 

Sample Tested Filtered tailings 

Sample Number S173-15 

Test Method Results (cm/s) 

Hydraulic 
conductivity (k) 

Average inflow (run #1) 4.93 x 10-07 

Average outflow (run #1) 2.86 x 10-07 

Average of inflow and 
outflow (run #1) 

3.90 x 10-07 

 
Average inflow (run #2) 

2.21 x 10-07 

Average outflow (run #2) 1.87 x 10-07 

Average of inflow and 
outflow (run #2) 

2.04 x 10-07 

Overall Average 2.9 x 10-07 

Note:  Hydraulic conductivity testing conducted by Amec Foster Wheeler in Hamilton, Ontario 
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The chemistry of the tailings is shown in Table 4 and was conducted by Amec Foster Wheeler.  
Acid Base accounting results from the tailings are reported in Table 5 and Table 6. 
 
 
 
 
Table 4.  Chemical Composition of the Tailings. 

Tailings sample 
LCT 

Tailings 

Sample   

Number 
S153-15 

Element Oxide (%) (%) 

SiO2 37.2 

Al2O3 1.83 

Fe2O3 27.6 

MgO 0.30 

CaO 0.39 

Na2O 0.10 

K2O 0.80 

TiO2 0.07 

P2O5 0.06 

MnO 0.03 

Cr2O3 0.06 

V2O5 <0.01 

C(t) 0.36 

LOI* 18.4 

S 24.8 

SO3 - 

Sum 86.8 

                             Notes: (1)  Data from Amec Foster Wheeler in Hamilton, Ontario, Canada 
                                         (*) Value affected by large percentage of pyrite in sample 
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Table 5.  Acid Base Accounting Results of the Tailings. 

Tailings sample 
LCT 

Tailings 

  Sample Number S153-15 

Total sulfur (%) 25.5 

Sulphide minerals (%) 25.7 

Sulphate minerals (%)         <0.01 

Acid generating potential 

(AP, t CaCO3/1000t) 

 

802.00 

Neutralization potential 

(NP, t CaCO3/1000t) 

 

2.00 

Net neutralization potential 

(Net NP, t CaCO3/1000t) 

 

-799.88 

                                Note:  Data from SGS Canada Inc. Laboratory in Lakefield, Ontario Canada 
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Table 6.  Acid Base Accounting Analysis Laboratory Certificate for the Tailings Sample. 
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K5-B.  Binder Characterization and Laboratory Test Results 

 

1.0 INTRODUCTION   

This section identifies the local cementitious binders available in Montana, some of which were 
incorporated into the cement paste (CP) mix designs tested to date for use in cemented paste 
for surface deposition (into the CTF) and for cemented paste backfill (CPB) (into the 
underground workings). 

The following sections will: 

 Define the different binder types, 

 List the standardized testing methods for the binders and  tailings water, and 

 Identify the local sources of the different available, sustainable, and cost effective 
binders 

  

2.0   BINDER TYPES AVAILABLE FOR CEMENTED TAILINGS PASTE 

Binder is defined as any cementing material, either hydrated cement or a product of cement or 

lime and reactive siliceous materials. The kinds of cement and the curing conditions determine 

the general type of binder formed.  Economic considerations are the primary driving force 

behind the research and use of supplementary cementitious materials (SCM), such as slag, fly 

ash and natural pozzolans which can be added to the fill as a partial replacement of Portland 

Cement (PC).  The mixes with SCM have good engineering performance and reduce costs. 

Among other benefits of using slag, or FA, as partial cement replacement compared to PC is 

their improved resistance to sulfate attack. 

Cement is defined as a powdery substance made with calcined lime and clay. It is mixed with 

water to form mortar or mixed with sand, gravel, and water to make concrete; a binder, a 

substance used in construction that sets and hardens and can bind other materials together. 

Portland cement (PC) is used as a binder in paste backfill where structural strength is required 

of the backfill and where resistance to liquefaction is necessary. 

Slag is a non-metallic binder product, consisting of silicates and alumino-silicates of calcium, 
magnesium and other bases, developed in a molten condition simultaneously with iron in a blast 
furnace; when rapidly cooled it forms a glassy granular material that is ground and used as a 
supplementary cementaceous material additive to cement; as an additive it provides good 
engineering performance at reduced costs and has significant improved resistance to sulfate 
attack over cement. 

Slag cement is defined as a hydraulic cement formed when finely ground granulated blast 

furnace slag is mixed with cement. 

Fly ash (FA) is “the finely divided residue that results from the combustion of ground or 

powdered coal and that is transported by flue gases” as defined by ASTM C618 “Standard 

Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete”.  

ASTM C618 covers coal FA and raw and calcined natural pozzolan for use in concrete, where 

cementitious and pozzolanic action is desired.   

http://www.dictionaryofconstruction.com/definition/cement.html
http://www.dictionaryofconstruction.com/definition/lime.html
http://www.dictionaryofconstruction.com/definition/material.html
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Pozzolans are a broad class of siliceous or siliceous and aluminous materials which, in 

themselves, possess little or no cementitious value but which will, in finely divided form and in 

the presence of water, react chemically with calcium hydroxide at ordinary temperature to form 

compounds possessing cementitious properties. 

 

3.0  TESTING METHODS FOR THE BINDERS AND TAILINGS WATER 

The different binders may be characterized using the following testing methods:  physical, 
chemical, mineralogical, and strength tests.  Table 3-1 lists the physical testing methods for 
Portland Cement and Fly Ash.  Table 3-2 below lists the standardized chemical, mineralogical, 
and strength testing methods used to characterize the different binders 

 
Table 3-1.  Physical Testing Methods for PC and Fly Ash Binder Materials Characterization  
Binder 
Type(2) 

Characterizati
on Type 

Method Method Description 

PC Physical - PC 

ASTM C150 
Standard Specification for Portland 

Cement 

ASTM C1038 
Standard Test Method for 

Expansion of Hydraulic Cement 
Mortar Bars Stored in Water 

    

FA Physical - FA 

ASTM C311 

Standard Test Methods for 
Sampling and Testing Fly Ash or 

Natural Pozzolans for Use in 
Portland-Cement Concrete 

ASTM C430 
Standard Test Method for Fineness 
of Hydraulic Cement by the 45-um 

(No. 325) Sieve 

ASTM C109 

Standard Test Method for 
Compressive Strength of Hydraulic 
Cement Mortars (Using 2-inch or 

[50-mm] Cube Specimens 

ASTM C151 
Standard Test Method for Autoclave 

Expansion of Hydraulic Cement 

ASTM C604 

Standard Test Method for True 
Specific Gravity of refractory 

Materials by Gas-Comparison 
Pycnometer 

ASTM C618 
Standard Specification for Coal Fly 
Ash and raw or Calcined Natural 

Pozzolan for Use in Concrete 

ASTM D4326 
Standard Test Method for Major and 

Minor Elements in Coal and Coke 
Ash By X-Ray Fluorescence 

AASHTO M295 
Standard Test Method for Coal Fly 
Ash and Raw or Calcined Natural 

Pozzolan for Use in Concrete 

Notes:  PC = Portland Cement; FA = fly ash 

 

https://en.wikipedia.org/wiki/Silicon_dioxide
https://en.wikipedia.org/wiki/Aluminium_oxide
https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Calcium_hydroxide
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Table 3-2.  Standardized Chemical, Mineralogical, and Strength Testing Methods 

Binder 

Type 

Characterization 
Type 

 

Method 

 

Method Description 

FA and 
Slag 

Chemical - PC, 
FA, and Slag 

Major elemental 
analysis:  whole 

rock analysis using 
ICP-AES 

SiO2, Al203, Fe203, 
SO3,CaO,MgO, Na2O, K2O, 

moisture, LOI 

Slag Chemical - Slag 
ASTM 

C989/C989M 

Standard Specification for Slag 
Cement for Use in Concrete and 

Mortars 

    

PC, FA, 
and Slag 

Mineralogical - 
PC, FA, and slag 

from various 
sources 

X-ray diffraction Various mineral identification 

    

FA and 
Slag 

Cement, 
Pozzolanic, and 

Slag Activity 
Tests – FA and 

slag from various 
sources 

ASTM 
C109/C109M 

Standard Test Method for 
Compressive Strength of Hydraulic 

Cement Mortars 

ASTM C778 
Standard Specification for Standard 

Sand 

Notes:  PC = Portland cement, FA = fly ash,  LOI = Loss on ignition; XRD = X-ray diffraction 

 

 

Table 3-3 lists the chemical characterization testing methods for the tailings water. 

 

Table 3-3.  Tailings Water(1) Materials Characterization using Chemical Methods 

Method Method Description 

Ph 
MAXXAM (MT): by AT 

CAM-SOP00413 

Dissolved Sulfate 
(SO4) 

MAXXAM (MT):  by Automated 
Colourimetry/ Kone - CAM-

SOP00464 

Dissolved Chloride 
(Cl) 

MAXXAM (MT)  by Automated 
Colourimetry/ Kone - CAM-

SOP00463 

Metals 
MAXXAM (MT):  by ICPMS

(3)
 

CAM-SOP00447 

Notes:  (1) Decant Water from the filter cake;  

ICPMS = Inductively coupled Plasma Mass Spectroscopy; 

MAXXAM is an accredited laboratory 
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4.0  BINDER SELECTION AND SOURCING FOR USE IN THE BBC PASTE  

 

Selection and sourcing of potential binders for the Black Butte Copper project included the 

following: 

 Identifying commercially suitable binder types for the mine operating permit application. 

 Identifying suitable existing binder manufacturers and sources (plants). This activity 

focused on identifying sustainable and cost effective binder sources for the proposed 

paste fill plant. 

 Review of cementing materials mill test certificates and mineralogy (X-Ray Diffraction 

analyses) for the following types of local binders: Portland cement, fly ash and slag 

available in Montana. 

 Sourcing of potential binders identified. 

 Evaluation of binder candidates identified. 

 

The following binders listed in Table 4-1 are available locally at the cement terminals in 
Missoula, Montana or Three Forks, Montana and could be used in the Black Butte Copper 
cemented paste mix designs.  Geochemical certificates for each binder type listed in Table 4-1 
are included in Section 5.0 below. 

 

 

Table 4-1.  List of Acceptable Locally-Sourced Binders Available for Use in the BBC Paste 

 

Binder Type 

 

Supplier 

 

Type 

 

Binder Source 

Cement Plant 
Source 

Portland  

Cement 

Lafarge Type I/II 
Richmond  B.C., 

Canada 
Missoula, Montana 

Holcim Type I/II 
Three Forks,  

Montana 

Trident Plant in 
Three Forks, 

Montana 

Holcim 

Envirocore 

Hydraulic Cement Type 
GU 

Three Forks,  

Montana 

Trident Plant in 
Three Forks, 

Montana 

Slag Lafarge Grade 100 NewCem Seattle (via Asia) Missoula, Montana 

Fly Ash Lafarge Type F 
Centralia, WA Power 
Plant 

Missoula, Montana 

Notes:  (1) Geochemical certificates for each binder type are included in Section 5.0 below; (2) The 
Lafarge Portland Cement (Type I/II) and the Lafarge Grade 100 NewCem slag were used as the binders 
for the BBC paste experimental program 
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5.0  LAB TEST RESULTS FOR BINDER MATERIALS AND TAILINGS WATER  

The Standardized test results for the binders and tailings water are presented below and in 
Appendix K5.  The binder index tests and strength characterization tests were completed by 
Amec Foster Wheeler in Hamilton, Ontario, Canada and are included below in Tables 5-1, 5-2, 
and 5-3.  Plots showing strength activity index of mortar cubes and compressive strength of 
mortar cubes using various blend ratios of slag and Portland Cement Type I/II (Slag/PC) from 
Lafarge are shown in Figures 5.1 and 5.2, respectively. 

The binder chemical tests have been conducted by several different accredited laboratories.   
Water may be characterized using chemical methods as defined below in Table 5-4.  Maxxam 
Analytics Laboratory in Hamilton, Ontario conducted the water chemical analyses.   

 

Table 5-1.  Results of Strength Development Testing for Portland Cements 

 Compressive strength (MPa) 

Cement type GU* 
     Lafarge    

Type I/II 

   Holcim 

Type I/II 

Holcim 

Envirocore 

                   Sample No. NA S122-15 S134-15 S135-15 

Age (days) 3 13.00 27.82 31.15 19.56 

7 20.00 35.42 43.06 26.42 

28 28.00 45.60 47.41 29.89 

7-day/28-day (%) 71.43 77.67 90.83 88.39 

  Notes:  (1) *ASTM C1157 standard requirements for hydraulic cements; (2) Data from  
                 Amec Foster Wheeler Laboratory in Hamilton, Ontario, Canada;  GU = general use 
 

Table 5-2.  Results of Pozzolanic activity testing for Lafarge Fly Ash (Sample # S123-15)   

FA/PC 

 blend          

ratio 

(%) 

 

Flow 

 

   Age 
     Compressive      

strength 

 

Density 

Strength 

activity 

index 

Compressive 

strength 

7-day/28-day 

%    days MPa psi kg/m
3
 lbs/ft

3
 % % 

   0/100   108 

1 17.4 2524 2168 135.4 - - 

3 27.8 4034 2157 134.5 - - 

7 35.4 5136 2132 133.1 - 77.73 

28 45.6 6607 2163 135.0 - - 

   20/80  >130 

1 13.0 1890 2157 134.6 75 - 

3 25.6 3707 2163 135.0 92 - 

7 33.9 4921 2174 135.7 96 74.99 

28 45.3 6563 2183 136.3 99 - 

   40/60  >130 

1 7.6 1105 2172 135.6 44 - 

3 19.6 2837 2164 135.1 70 - 

7 27.5 3981 2159 134.8 78 66.31 

28 41.4 6004 2217 138.4 91 - 

   60/40  >130 

1 3.4 494 2210 138.0 20 - 

3 10.1 1459 2243 140.0 36 - 

7 16.2 2356 2169 135.4 46 65.58 

28 24.8 3593 2214 138.2 54 - 

   Note:  Data from Amec Foster Wheeler Laboratory in Hamilton, Ontario, Canada 
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Table 5-3.  Results of Slag Activity Testing of Lafarge Slag (Sample S124-15). 

Slag/PC 

blend 

ratio 

 

   Flow 

 

    Age 

  Compressive   

strength 

 

Density 

Strength 

activity 
index 

  Compressive 

strength 

   7-day/28-day 

%    days MPa psi kg/m
3
 lbs/ft

3
 % % 

0/100 111 1 17.4 2,524 2,168 135.4 - - 

3 27.8 4,034 2,157 134.7 - - 

7 35.4 5,136 2,132 133.1 - 77.73 

28 45.6 6,607 2,163 135.0 - - 

25/75 76 1 13.8 2,001 2,162 135.0 79 - 

3 25.6 3,707 2,163 135.0 92 - 

7 35.3 5,120 2,174 135.7 100 77.81 

28 45.4 6,580 2,206 137.7 100 - 

50/50 87 1 9.0 1,301 2,139 133.6 52 - 

3 19.6 2,837 2,164 135.1 70 - 

7 32.9 4,768 2,166 135.2 93 72.37 

28 45.4 6,588 2,185 136.4 100 - 

75/25 93 1 5.2 759 2,142 133.7 30 - 

3 10.1 1,459 2,243 140.0 36 - 

7 16.2 2,536 2,169 135.4 46 45.77 

28 35.5 5,148 2,168 135.3 78 - 

    Note:  Data from Amec Foster Wheeler Laboratory in Hamilton, Ontario, Canada 
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Figure 5.1.  Strength Activity Index of Mortar Cubes Using Various Blend Ratios of Slag and 
Cement Type I/II (Slag/PC) from Lafarge. 

 

 

Figure 5.2.  Compressive Strength of Mortar Cubes Using Various Blend Ratios of Slag and 
Cement Type I/II (Slag/PC) from Lafarge. 
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Table 5-4.  Chemical Composition of Binders. 

 

Binder 

sample 

Lafarge 

Portland 

Cement 

Type I/II 

Lafarge 

Fly Ash 

Type F 

 

Lafarge 

Slag 

Holcim 

Portland 

Cement 

Type I/II 

 

Holcim 

Envirocore

 

Sample 

Number 

 

S122-15 

 

S123-15 

 

S124-15 

 

S134-15 

 

S135-15 

Element 

Oxide (%) 
(%) (%) (%) (%) (%) 

SiO2 32.0 46.7 20.4 20.2 18.6 

Al2O3 13.4 18.1 4.83 4.11 4.14 

Fe2O3 0.99 5.97 3.45 3.29 2.80 

MgO 5.08 5.89 0.70 2.37 1.78 

CaO 42.3 15.2 63.4 64.6 63.8 

Na2O 0.23 3.11 0.37 0.17 0.12 

K2O 0.41 1.46 0.31 0.49 0.34 

TiO2 0.50 0.95 0.28 0.21 0.22 

P2O5 0.03 0.41 0.06 0.05 0.05 

MnO 0.23 0.10 0.07 0.04 0.04 

Cr2O3 <0.01 0.02 0.01 0.02 0.02 

V2O5 <0.01 0.03 0.01 0.01 0.01 

C(t) 0.53 0.07 0.58 0.57 1.49 

LOI 1.54 0.55 3.13 2.82 6.22 

S 1.50 0.35 1.21 1.10 0.91 

SO3 3.75 0.87 3.02 2.76 2.25 

Sum 96.7 98.5 97.0 98.4 98.1 

       Note:  Data from Amec Foster Wheeler Laboratory in Hamilton, Ontario, Canada 

 

 

 

 

 

Tables 5-5 and 5-6 show the geochemistry of the Lafarge Portland Cement (Type I/II) and the 
Lafarge slag, respectively. 
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Table 5-5. Geochemistry of the Lafarge Portland Cement (Type I/II).

[Pace Analitical Pages Following including Sample Submission Sheets] 
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Table 5-6. Geochemistry of the Lafarge 100Grade NewCem Slag.

[Pace Analitical Pages Following including Sample Submission Sheets]  
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The chemistry of the tailings water (decant water from the filter cake) is shown in Table 5-7 
below. 
 
 
Table 5-7. Chemical Composition of the Mine Water. 

 
Parameters 

 
Units 

 

S153-15 
 

RDL 

pH - 6.98 N/A 

Dissolved sulphate (SO4) mg/L 1200 1 

Dissolved chloride (Cl) mg/L 340 1 

Metals    

Total Aluminum (Al) mg/L 0.020 0.005 

Total Arsenic (As) mg/L 0.240 0.001 

Total Calcium (Ca) mg/L 570 0.2 

Total Copper (Cu) mg/L 0.520 0.001 

Total Iron (Fe) mg/L <0.1 0.1 

Total Lead (Pb) mg/L <0.0005 0.0005 

Total Magnesium (Mg) mg/L 12 0.05 

Total Nickel (Ni) mg/L 0.057 0.001 

Total Potassium (K) mg/L 27 0.2 

Total Silicon (Si) mg/L 3.30 0.05 

Total Sodium (Na) mg/L 25 0.1 

  Note:  RDL = reporting detection limit; Data from MAXXAM Analytics Laboratory 
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Notes:  Sample S153-15 is from water-rich phase generated during filter cake
         processing by International Metallurgical and Environmental Inc. and 
         analyzed by MAXXAM Analytics International Corp.;  
          RDL = reporting detection limit
          N/A = not applicable
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K5-C.  Paste Characterization, Mixing Procedures, and Laboratory 

Test Results 

 

1.0 INTRODUCTION     

This section describes the cement paste (CP) mix designs tested to date for use in cemented 
paste for surface deposition (into the CTF) and for cemented paste backfill (CPB) (into the 
underground workings). 

The following sections will: 

 Define the physical targets of the paste mix designs for surface deposition and for 
cemented paste backfill, 

 List the standardized testing methods for the paste, and  

 Report the laboratory test results for the binders, tailings water, and two paste mix 
designs (one containing 2% binder and another containing 4% binder).  

 

The Black Butte Copper Tailings will make up a high proportion of the paste designs and the 
characteristics and index tests have been previously presented in Appendix K5-A. 

 

 

2.0  CEMENT PASTE MIX DESIGN PHYSICAL TARGETS 

Two CP mix design physical targets were established early to guide the BBC experimental 
paste program: 

 The first cemented paste (CP) mix design is for surface deposition with the following 
targeted physical paste properties: 

o slump for the paste mixes is 7 to 9 inches (~178 - 229 mm) for paste pumpability. 
o No target for unconfined compressive strength (UCS) is available; however UCS 

and potential strength reduction over time are important for this application. 
 

 The second cemented paste design is for backfill (CPB) with the following targeted 
physical paste properties:   

o slump for the paste mixes is 6 to 8 inches (~152 - 203 mm) for paste pumpability, 
and 

o UCS at 14 days for the Johnny Lee Lower and Upper Copper Zones is 150 kPa 
(0.21 MPa). 

 
 
 3.0  PASTE MIXING PROCEDURES, TESTING PROTOCOLS, AND TEST METHODS 
 
Filter cake Black Butte Copper tailings samples, and binders sourced from Montana cement 
plants were shipped to Amec Foster Wheeler in Hamilton, Ontario, Canada in 2015.  The filter 
cake tailings samples were prepared and shipped by International Metallurgical and 
Environmental Inc. in two shipments (sample ID numbers S153-15 and S173-15).  
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Index tests were first completed on the tailings paste without binder as discussed in Section 3.1 
below.  CSP mixes were designed later and are described in Section 3.2 below. 
 
 
3.1  Paste Index Tests  
 
Due to the limited availability of tailings for the project, index tests were conducted on the 
tailings paste without binder to gain a preliminary understanding of the material behavior in 
terms of physical properties and rheology (Table 3-1).   Small samples were prepared in a 
Hobart mixer for the following solids concentrations ranging between 75% and 85% by weight.  
The solids concentrations used were:  75%, 77.50%, 80%, 82.50%, and 85% by adding solids 
to the mix. 
 
Cylinder slump measurements were taken for each solids concentration.  Cylinder, or Boger 
slump uses an open-ended cylinder having an aspect ratio of 1:1.  The cylinder used is typically 
3” (75 mm) diameter by 3” (75 mm) tall.  Cylinder slump measurement is used and accepted in 
the mining industry to predict with reasonably accuracy the yield stress values when compared 
with the vane rheometer results, as described in Pashias et al. (1996).  When the mix became 
very stiff the solids content was not increased any further and the index testing was stopped. 
 
 
Table 3-1.  Trial Batches Paste No Binder. 

No. 
Cw Cylinder slump            Cone slump 

(%) mm inches mm inches 

1 84.00 10 0.39 85 3.35 

2 83.00 15 0.59 170 6.69 

3 82.50 20 0.79 210 8.27 

4 82.00 24 0.94 230 9.06 

 
 
 
3.2  Paste Mix Design 
 
CSP mixes were designed to be workable and to meet the project cone slump requirements.  
The batches used for fresh and hardened paste mix properties had a total batch mass of 
approximately 51 pounds (23 kg).  The amount of water for each batch was determined based 
on slump measurements conducted in trial batches.  The term “Cw” used in the data tables 
represents the total solids content of the mix, accounting for all water (both mix water and 
absorbed water on the aggregate).  For example, a mix with 165 pounds (75 kg) of dry 
aggregate, 11 pounds (5 kg) of dry binder, and 44 pounds (20 kg) of water would have a Cw of 
80.0%. 
 
 
3.3  Paste Mixing Procedures 
 
The mixing procedure for the two paste dosages (2% binder content and 4% binder content) is 
described below.  The sample preparation and curing was done in accordance with ASTM C192 
/ C192M – Standard Practice for Making and Curing Concrete Test Specimens in the 
Laboratory.  The CSP mixes were batched in a 66 pound (30 kg) capacity rheometer mixer 
according to a general mixing procedure described below: 
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 Tailings were placed in the mixer. 
 

 The cementitious materials were added. 
 

 Mixing water (Ontario tap water) was added. 
 

 The ingredients were mixed for 3 to 4 minutes. 
 

 Cylinder slump was measured as described in Section 3.1 above. 
 

 Cone slump was measured following ASTM C143 Standard Test Method for Slump of 
Hydraulic Cement Concrete. 

 

 The mix was further mixed for 1 minute. 
 

 The mix was tamped into the molds while filling the molds for the density and USC 
samples. 

 
 
Twelve 2” x 4” (51 mm x 102 mm) and eight 3” x 6” (76 mm and 152 mm) cylinder specimens 
were prepared for each mix for density and UCS measurements, as well as specimens for 
geochemistry and triaxial tests.  All of the specimens were cured in the curing room at 20°C (70° 
F) and 100% relative humidity and demolded prior to the density and UCS tests. 
 
 
3.4  Paste Test Work Steps 
 
The cemented paste test work was conducted in three sequential steps: 
 
1. Index tests were conducted as detailed in Section 3.1 above. 
2. Trial batches were conducted to develop mix designs to meet the target properties, 

including slump, while maximizing the tailings content for a given binder and binder dosage 
rate.  Upon completion of the trial batches the fill and water content for CSP mixes with  
different binder dosage rates was defined for the full size batches tested in the test 
program. 

3. CSP test program was conducted assuming the following variables (factors): 

 Slump:  mixes with one nominal slump value of 8 inches (203 mm) were designed 
and evaluated in this program. 

 Binder type:  one blend of Portland cement Type I/II and slag from Lafarge based 
on the certificates presented in Appendix K5. 

 Binder dosage rate:  mixes with two binder dosage rates were evaluated in the test 
program:  2% and 4%. 

   
Table 3-2 lists the paste standardized test methods for the fresh mix properties that have been 
completed for the two different binder dosages:  one with 2% total binder (1% Lafarge Portland 
Cement Type I/II and 1% Lafarge slag), and the other with 4% total binder (2% Lafarge Portland 
Cement Type I/II and 2% Lafarge slag).  Table 3-3 lists the standardized test methods for the 
hardened properties for the two different binder dosages noted above.  
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Table 3-2.  List of Paste Tests:  Fresh Mix Properties 

Mix Property 
Method (ASTM   

or Other) 
ASTM Description 

Cylinder Slump 
(or Boger slump) 

Defined in Pashias 
et al. (1996)

(1)
 

Used to predict yield stress values 
(Standard Industry best practice) and is 

compared to vane rheometer results 

   

Cone Slump ASTM C143 
Standard Test Method for Slump of 

Hydraulic Cement Concrete 

   

Set Time 

ASTM C191 
Standard Test Methods Time and Setting 

of Hydraulic Cement by Vicat Needle 

ASTM  
C192/C192M 

Standard Practice for Making and Curing 
Concrete Test Specimens in the Laboratory 

ASTM 
C150/C150M 

Standard Specification for Portland Cement 

   

Rheology 

Used Haake 
Viscotester 550 
instrument (the 

configuration used 
in the testing is the 
standard used in 
the Paste backfill 

Industry)(2) 

Data collected includes:   (1) calculated 
yield stress (based on the cylinder slump 

measurement and accepted as a 
reasonably accurate yield stress value 

when compared with the vane rheometer 
results, (2) rheometer yield stress 

(determined as the peak shear stress), and 
(3) the Bingham yield stress (defined as the 

yield stress above which the material 
becomes fluid) 

Notes: (1) Pashias, N, Boger D.V., Summers, J. and Glenister, D.J., A, Fifty cents rheometer  
for yield stress measurement, Journal of Rheology, vol. 40, issue 6, 1996, pp. 1179-1189.   
(2) The Haake Viscotester configuration used an immersion sensor system FL100  
(radius 0.43-inches (11 mm) and height of 0.63 inches (16 mm) and/or FL10 (radius  
20 mm (0.79 inches (20 mm) and height of 2.36 inches (60 mm) with star shaped rotor was  
used for rheology property measurements.  The rotor size was selected based on  
sample consistency for maximum machine resolution.  The shear rate ranged from  
 0 s

-1
 to 40 s 

-1
 and back to 0 s

-1
.  For each solids concentration information including  

shear rate, shear stress, and viscocity were recorded using a computer program. 

 
 
Table 3-3.  Paste Tests:  Hardened Properties 

Mix Property Method (ASTM or Other) ASTM Description 

Hardened Density ASTM C642 
Standard Test Method for Density , Absorption,  

and Voids in Hardened Concrete 

   

Unconfined 
Compressive Strength 

ASTM C39/C39M 
Standard Test Method for Compressive Strength of 

Cylinderical Concrete Specimens 

 
 
 
3.5  Cemented Tailings Paste Test Results Using 2% and 4% Total Binders 
 
The laboratory test results for the two cemented tailings paste mix designs using 2% and 4% 
total binder dosage rates are presented in Tables 3-4, 3-5, 3-6, 3-7, 3-8, and 3-9.  Each paste 
sample tested used 50% Lafarge Grade 100 NewCem slag and 50% Lafarge Portland Cement 
(Type I/II) sourced from the Missoula, Montana cement plant.  

John Davis
Rectangle
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Table 3-4.  Surface paste Mix Designs 

 
No. 

 
Mix Label 

Binder type (%) 
Binder 

dosage rate 
Cw Cylinder slump 

PC S (%) (%) (mm)   (inches) 

1 LCT-S50-2 50 50 2 79.50 16  0.63 

2 LCT-S50-4 50 50 4 79.00 15  0.59 

 

 
No. 

 
Mix Label 

Cone slump Testing age Cylinder 

specimen 
(mm)   (inches) (days) 

1 LCT-S50-2 210 8.27 7, 14, 28, 56 2”x4”, 3”x6” 

2 LCT-S50-4 205 8.07 7, 14, 28, 56 2”x4”, 3”x6” 

 
 
 
 
 
Table 3-5.   Hydraulic Conductivity of Paste With 2% and 4% Total Binders. 

Sample Tested 
Surface paste  

2% binder, 
50%S-50% PC 

Surface Paste  
4% binder, 

50%S-50% PC 

Sample Number LCT-550- 2 LCT-550-4 

Test Method Results (cm/s) (cm/s) 

Hydraulic 
conductivity (k) 

Average inflow (run #1 1.69 x 10
-06 

9.50 x 10
-09 

Average outflow (run #1) 1.64 x 10
-06 

1.09 x 10
-08 

Average of inflow and outflow 
(run #1) 

1.66 x 10
-06 

1.02 x 10
-08 

Average inflow (run #2) - - 

Average outflow (run #2) - - 

Average of inflow and outflow 
(run #2) 

- - 

Overall Average 1.6 x 10
-06 

1.0 x 10
-8 

 
 
 
 
Table 3-6.  Trial Batches Paste 2% Binder. 

No. 
Cw         Cylinder slump                 Cone slump 

(%) mm inches mm inches 

1 80.00 14 0.55 155 6.1 

2 79.50 16 0.63 210 8.3 
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Table 3-7.  Trial Batches Paste 4% Binder. 

No. 
Cw Cylinder slump             Cone slump 

(%) mm inches mm inches 

1 82.00 0 0.00 0 0 

2 81.50 6 0.24 65 2.6 

3 81.00 10 0.39 80 3.1 

4 80.00 10 0.39 115 4.5 

5 79.00 15 0.59 205 8.1 

 
 
 
 
Table 3-8. Surface Paste Density Results up to 28 Days Using 2% and 4% Binder Contents and 
Different Cylinder Sizes 

 
 

Batch 

# 

 
 

 
Mix label 

Binder 

dosage 

rate 

 
 

Cone slump 

Density results, 3" x 6" cylinders 

Age (days) 

7 14 28 

Average St. Dev. Average St. Dev. Average St. Dev. 

(%) (mm) (inches) (kg/m
3
) (lb/yd

3
)   (kg/m

3
) (lb/yd

3
) (kg/m

3
)   (lb/yd

3
)   (kg/m

3
) (lb/yd

3
)   (kg/m

3
)   (lb/yd

3
)   (kg/m

3
)  (lb/yd

3
)  

1 LCT-S50-
2 

2 210 8.27 - - - - - - - - 2260 3810 - - 

2 LCT-S50-
4 

4 205 8.07 2270 3826 - - 2258 3805 - - 2294 3867 - - 

 
 
 

Batch 

# 

 
 

 
Mix label 

Binder 

dosage 

rate 

 
 

Cone slump 

Density results, 2" x 4" cylinders 

Age (days) 

7 14 28 

Average St. Dev. Average St. Dev. Average St. Dev. 

(%) (mm) (inches) (kg/m
3
) (lb/yd

3
)   (kg/m

3
)  (lb/yd

3
)   (kg/m

3
)   (lb/yd

3
)  (kg/m

3
) (lb/yd

3
) (kg/m

3
) (lb/yd

3
) (kg/m

3
) (lb/yd

3
) 

1 LCT-S50-
2 

2 210 8.27 - - - - - - - - - - - - 

2 LCT-S50-
4 

4 205 8.07 2366 3988 14.5 24.4 2365 3987 8.2 13.9 2370 3995 10.9 18.4 

 
 
 
 
Table 3-9.  Surface Paste UCS Test Results up to 28 Days Using 2% and 4% Binder Contents 
and Different Cylinder Sizes 

 

 
Batch 

# 

 
 
 

Mix label 

Binder 

dosage 

rate 

 
 

Cone slump 

UCS results, 3" x 6" cylinders 

Age (days) 

7 14 28 
Average St. Dev. Average St. Dev. Average St. Dev. 

(%) (mm) (in) (MPa) (psi) (MPa) (psi) (MPa) (psi) (MPa) (psi) (MPa) (psi) (MPa) (psi) 

1 LCT-S50-2 2 210 8.27 0.00 0.00 - - 0.00 0.00 - - 0.09 12.85 - - 

2 LCT-S50-4 4 205 8.07 0.50 73.15 - - 0.85 123.08 - - 1.12 162.20 - - 

 
 

 
Batch 

# 

 
 
 

Mix label 

Binder 

dosage 

rate 

 
 

Cone slump 

UCS results, 2" x 4" cylinders 

Age (days) 

7 14 28 
    Average   St. Dev.   Average St. Dev.        Average       St. Dev. 

(%) (mm) (in)  (MPa) (psi)  (MPa) (psi) (MPa) (psi) (MPa)   (psi)   (MPa)   (psi)  (MPa) (psi) 

1 LCT-S50-2 2 210 8.27  - - -  - - -  - - - 

2 LCT-S50-4 4 205 8.07 0.50 71.80 0.012 - 0.94 136.68 0.007 1.01 1.14 164.8
2 

0.12
5 

18.12 
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4.0  CONCLUSIONS 
 
The results of the cement tailings paste testing include:  
 

 The optimum Cw for the 2% binder mix is 79.5% at a cone slump of 8.3”. 
 

 The optimum Cw for the 4% binder mix is 79% at a cone slump of 8.1”. 
 

 The 2% binder mix does not achieve final set until approximately 28 days age. 
 

 The 4% binder mix achieves final set after approximately 96 hours (4 days). 
 

 All the 28 day UCS test results for the 4% binder mix show a continued increase in 
strength when compared to 7-day results. 
 

 The 4% binder mix achieves 0.85 MPa at 7 days, 1.12 MPa at 28 days. 
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K5-D.  Photograph Log Trial Batches 2% Binder 
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Black Butte Johnny Lee Deposit PFS
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PHOTOGRAPH
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PROJECT
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PHOTOGRAPH

Description

2

LST tailings (#S153-15), 

Cw=80%, 2%, cylinder slump 

14mm

TB152022

1

LST tailings (#S153-15), 

Cw=80%, 2%, cone slump 

155mm
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PROJECT NO.

LOCATION Hamilton, Ontario
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PHOTOGRAPH

LST tailings (#S153-15), 

Cw=79.5%, 2%, cone slump 

210mm

3

PHOTOGRAPH 4

TB152022

LST tailings (#S153-15), 

Cw=79.5%, 2%, cylinder slump 

16mm

Description

PHOTOGRAPHIC RECORD

CLIENT Tintina Resources

PROJECT Black Butte Johnny Lee Deposit PFS

John Davis
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K5-E.  Photograph Log Trial Batches 4% Binder 
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PHOTOGRAPHIC RECORD

PHOTOGRAPH
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PROJECT
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PHOTOGRAPH

Description

2

LST tailings (#S153-15), 

Cw=81.5%, 4% binder, 

cylinder slump 6mm

TB152022

1

LST tailings (#S153-15), 

Cw=81.5%, 4% binder, cone 

slump 65mm
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PHOTOGRAPH
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Cw=81%, 4% binder, cone 

slump 80mm

3

PHOTOGRAPH 4

TB152022

LST tailings (#S153-15), 

Cw=81%, 4% binder, cylinder 

slump 10mm
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CLIENT Tintina Resources

PROJECT Black Butte Johnny Lee Deposit PFS
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Hamilton, Ontario
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Black Butte Johnny Lee Deposit PFS
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TB152022
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PHOTOGRAPH

LST tailings (#S153-15), 

Cw=79%, 4% binder, cylinder 

slump 15mm

8

LST tailings (#S153-15), 

Cw=79%, 4% binder, cone 

slump 205mm

Description

7

Hamilton, Ontario

PHOTOGRAPH

Black Butte Johnny Lee Deposit PFS

Description
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