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DISCLAIMER 
 
This report has been prepared for the exclusive use of our Client and is applicable only to 
the project that is the subject of this report.  The document is confidential to the Client 
and may not be disclosed, copied, quoted or published without the prior written consent 
of MINEFILL. 
 
The analysis and recommendations contained in this report are based on data collected 
by other parties.  MINEFILL has not independently reviewed or verified this data and is 
not responsible for any errors or omissions resulting from the use of this data. 
 
MINEFILL accepts no liability, and gives no warranty, as the accuracy or completeness of 
information provided to it by, or on behalf of the Client.  
 
MINEFILL accepts no liability for any consequences if any recommendations contained in 
this document are not carried out, or are only partially carried out, without further advice 
being obtained from MINEFILL.
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1. INTRODUCTION 

MineFill Services, Inc. (MineFill) has prepared this document summarising the test work and paste 
characterization for cemented paste backfill for the Dalradian Gold Limited (DGL) proposal for its 
Curraghinalt Gold Project located in Northern Ireland.  

2. PASTE CHARACTERIZATION 
Paste backfill will be generated from a mixture of two types of tailings, namely: rougher tailings, and 
finer concentrate regrind cleaner tailings (scavenger). Tailings characterization testing was carried out 
in two laboratories: Pocock Industrial in Salt Lake City completed the Rheology testing, and SGS 
Lakefield in Lakefield, Ontario, Canada completed the strength testing. 

The following sections set out the results of tailings characterization testing carried out by these two 
laboratories. 

2.1 Previous Studies 

2.1.1 Paterson and Cooke – 2015 

Paterson and Cooke performed an initial laboratory investigation of the Curraghinalt tailings. Their 
testing included particle sizing, a mineralogical investigation, dewatering and thickening testwork, 
rheology testwork and strength testing of paste cylinders. This testwork was conducted on a 
7:1 rougher/cleaner tailings blend. 

2.1.2 URSTM – 2016 

URSTM of Rouyn-Noranda, Quebec carried out rheological and mineralogical testing in support a 
paste mix design in 2016. The focus of this investigation was determining the optimum recipe to 
achieve the desired target strengths for various binder contents, and binder types. Much of this work 
was focussed on the acid generating potential of the paste, and the chemical stability of the paste. 

2.2 Mineralization 

The mineral content of the tailings were examined by URSTM in 2016 and the results are shown in 
Table 2-1 below. It should be noted that the cleaner tailings have a very high pyrite content which 
can be problematic due to the very high specific gravity of the pyrite solids (hence issues with paste 
segregation and settling in pipelines), and due to adverse reactions in Ordinary Portland Cement 
(OPC). These tailings contain elevated sulphate levels (1,300 ppm), elevated sulphur (200,000 ppm) 
and elevated dissolved sulphates in the process water (5,500 ppm). 
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Table 2-1 
Principal Minerals 

Minerals Rougher Tails Cleaner Tails 
Quartz 51.5 27.6 
Muscovite 27.9 16.5 
Chlorite 2.8 5.9 
Siderite 5.2 - 
Dolomite 3.5 0.4 
Calcite 0.8 1.5 
Pyrite - 40.5 
Chalcopyrite - 1.9 
Oxides - 1.7 

2.3 Particle Size Distribution 

Particle sizing for the tailings products are shown on Figure 2.1 below. 

 
 

Figure 2.1:  Particle Size Distribution 
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As expected, the rougher tailings are significantly coarser than the cleaner tailings due to the impact 
of regrinding. The difference in the grading of these two products is illustrated in Table 2-2 below. 

Table 2-2 
Particle Sizing in Microns 

 P80 P50 P20 
Rougher Tailings 160 85 20 
Cleaner Tailings 48 20 -5 

2.4 Solids Specific Gravity 
The specific gravity of the solids was measured by Pocock Industries. Results are shown in Table 2-3 
below. 

Table 2-3 
Solids Specific Gravity 

 Specific Gravity 
Rougher Tailings 3.08 
Cleaner Tailings 3.02 

2.5 Paste Rheology 

Paste mixes for Curraghinalt will be a blend of rougher tailings and concentrate cleaner tailings. The 
proportions of each is expected to remain at a fairly constant 2:1 ratio, but over short durations it may 
vary from 1:1 to 3:1. As such the final paste mix designs need to accommodate potential variations in 
the blend. 

The following sections outline the results of the rheological test program undertaken at SGS Lakefield 
in Lakefield, ON. 

2.5.1 Bingham Yield Stress 

Bingham yield stresses were measured over a range of solids concentrations by both Pocock and SGS. 
The Pocock test apparatus consisted of a HAAKE VT550 viscometer with a FL100 vane attachment 
whereas the SGS testing was conducted with a HAAKE RS75 vane rheometer. 

The initial rheological characterization test work was carried out with a 3:1 ratio of rougher tailings to 
cleaner tailings.  

A subsequent test program was carried out to determine the rheological properties of a 1:1 blend of 
rougher tailings to cleaner tailings. Results are shown on Figure 2.2 below. 

For comparison, we have also plotted the results of the Paterson and Cooke 2015 test work on a 7:1 
blend, along with the URSTM 2016 testwork on a 3:1 blend. 
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Figure 2.2:  Bingham Yield Stresses 

For the most part, the results show consistent trends for the 1:1 and 3:1 blends, which is surprising 
given the substantial difference in PSD’s. Both the SGS and Pocock testing suggest the rheology is 
largely independent of the blend at these ratios. This is a favorable result as it infers the paste mixes 
will not be significantly impacted by the blend of rougher to cleaner tailings. 

The exceptions are the test series carried out by Pocock on a 1:1 mix, and the Paterson and Cooke 
2015 data. We suggest the Pocock test data be disregarded as the test results stand out as anomalous 
compared to the other testing – it is likely that this sample had residual flocculation. The Paterson 
and Cook test data can be explained by a significant shift in the PSD’s when comparing the 2015 test 
data with the 2018 data, and the differences introduced by a 7:1 blend. 

The remaining two curves show the results of the URSTM testing on 3:1 blends that include 5% and 
7% binder. These curves exhibit behaviour typical of tailings samples mixed with a slag binder which 
acts as a plasticizer or water reducing agent. 

2.6 Uniaxial Compression Testing 

Samples of paste mixes in the range of 250 Pa yield stress were prepared at binder contents of 
3 percent, 5 percent and 7 percent. The binder comprised a 70/30 blend of slag/Ordinary Portland 
Cement (OPC). The paste mixes were cast into 50 mm x 100 m cylindrical molds and cured for 7 and 
28 days. 
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The use of a slag/OPC binder was is required to buffer the impact of the very high sulphate values in 
the process water, and the high pyrite content of the cleaner tailings. The elevated sulphate and pyrite 
contents can lead to strength losses (upwards of 90%) in cemented paste backfills after curing for 90 
days or more. The strength loss is due to the growth of ettringite crystals (a form of gypsum), which 
is expansive, hence destroying the cement bonds in the fill. These reactions are eliminated by the use 
of slag cement. 

Uniaxial compression test results are shown in Table 2-4. 

Table 2-4 
UCS in 2x4-inch Cylinders – 3:1 Blend – kPa 

Recipe YS* 7d 14d 28d 

Mix 76% solids + 3% binder 358 250 340 440 

Mix 76% solids + 5% binder 448 640 920 1,370 

Mix 74.9% solids + 7% binder 280 760 1,410 1,930 
*Bingham Yield Stress in Pa 

The paste mixes in this test program were essentially the same as that tested by URSTM in 2016, 
except that the MineFill samples were batched at 76 percent solids and the URSTM samples were 
batched at 68 percent solids. For comparison, the URSTM 28 day strengths were 568 kPa (for 3.5 
percent slag/OPC binder), 703 kPa (for 5 percent binder) and 1243 kPa (for 7 percent binder). 
Unsurprisingly the MineFill test results in much higher strengths (roughly 50 percent higher) due to 
the lower water/cement ratio. 

Additional uniaxial compression test samples were prepared for a 1:1 blend of rougher to cleaner 
tailings. Results are shown in Table 2-5. 

Table 2-5 
UCS in 2x4-inch Cylinders – 1:1 Blend – kPa 

Recipe YS* 7d 28d 
Mix 78% solids + 3% binder 1110 440 590 
Mix 76% solids + 5% binder 421 620 1,220 
Mix 76% solids + 7% binder 469 1,400 2,180 

*Bingham Yield Stress in Pa 

The results for the 1:1 blend are similar to the 3:1 blend (within 10%). The higher UCS in the samples 
with 3 percent binder are the result of the lower water/cement ratio and hence much higher yield 
stress values. 
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3. PASTE CHARACTERISTICS 

3.1 Paste Strengths 

The following paste strength targets have been provided by MineGeoTech PTY Ltd.: 

• For 20 m high, longhole longitudinal retreat stopes that will not be undercut, with widths up to 
3.5 m, the Uniaxial Compressive Strength (UCS) should exceed 220 kPa at 7 days. 

• For overhand cut-and-fill stopes that will not be undercut, with widths up to 2.5 m, the UCS 
should exceed 220 kPa at 7 days. This strength allows the operation of mobile equipment on a 
working floor. 

Table 3-1 provides the target cement contents to achieve the above strengths based on the laboratory 
testing reported herein. 

Table 3-1 
Recommended Binder Contents 

Recipe Binder Content - % 
Longhole Retreat 3.0 
Cut and Fill 3.0 
Undercut Sills 4.0 

3.2 Paste Mix Recipe 

The target backfill recipe will comprise a 2:1 blend of mill rougher tailings and cleaner tailings, mixed 
with a premixed 70/30 slag/OPC binder. We have assumed a solids content of 76 percent based on 
the laboratory testing reported herein. Table 3-2 presents the mix recipe for 5% binder. 

Table 3-2 
Proposed 2:1 Blend Paste Mix – 5% Binder 

Mix Recipe Volume 
per 1,000 m3 

Weight 
per 1,000 kg 

Rougher Tailings – dry solids 325.25 479.31 
Cleaner Tailings – dry solids 159.90 242.69 
70/30 Slag/OPC 24.64 38.00 
Water (in slurry) 490.21 240.00 
Total 1,000.00 1,000.00 



DALRADIAN RESOURCES CURRAGHINALT PASTE CHARACTERIZATION TESTING 
JULY 31, 2019  PAGE 7 
 
 

 MINEFILL SERVICES, INC. 

The paste mix characteristics are summarized in Table 3-3 below. 
Table 3-3   

Recommended Paste Mix Design 

Recipe Binder Content - % 
Target Yield Stress - Pa 230 
Paste Slump - in 7 
Solids Content - % 76 
Paste Density – kg/m3 2,053 

3.3 Admixtures 

MineFill does not anticipate the need for any admixtures however provision should be made for the 
addition of MasterSet Delvo (ASTM C494 Type B hydration retardant) which would be used when the 
paste travel time from the paste plant to the stope exceeds 45 minutes. The MasterGlenium 3030 
(ASTM C494 superplasticizer/water reducing agent) would be used as a rheology modifier to adjust 
pressure in the paste piping. 

4. CONCLUSIONS 

The tests results achieved by MineFill show better results than the previous tests conducted in August 
2016 and are mostly related to a higher % solids ratio.  MineFill does not predict any issue or problem 
with the paste fill strengths.  

The ratio of rougher and cleaner tailings in the paste mix have no material impact on paste strength.  

5. CLOSURE 
We appreciate the opportunity to be of service to Dalradian Resources for the Curraghinalt Gold 
Project.  Please do not hesitate to contact the undersigned with any comments or questions. 

 
Sincerely, 
MINEFILL SERVICES, INC. 

Dr. David Stone, P.Eng. (ONT) 
President 
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