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1.0 INTRODUCTION

The following provides a summary of the laboratory testing information on the fine processed kimberlite

(fine PK) in response to a query at the Gahcho Kué Technical Sessions that were held on May 23, 2012

Test results of the Gahcho Kué Fines testing programs are contained in the following documents:

1. De Beers 2002, Note for the Record – Gahcho Kue Slimes Characterization, Compiled by Tomo,

October 2002.

2. De Beers 2004, Note for the Record – Gahcho Kué Phase II ODS Slimes Characterization, Compiled

by Tomo, October 2004.

3. Patterson & Cooke 2005, Gahcho Kué Ore Dressing Study: Slurry Tests Using 5034 and Hearne Ore,

submitted to De Beers.

4. De Beers 2008, Note for the Record – Gahcho Kué Tuzo Slimes Dewatering Test Reports, Compiled

by Tomo May 2008.

5. Golder 2011, Technical Memorandum DCN-033 Gahcho Kué EIS Post Submission/Integrated

Evaluation of Post Closure Alternatives. Phase 2030: Task 20: Material Characterization.

The documents present fine PK settling tests, mineralogy tests, grain size, specific gravity, soil-water

characteristics (SWCC), and hydraulic conductivities. The documents are attached to this memo.

2.0 BACKGROUND

Gahcho Kué fine PK is planned to be disposed of in three areas.

- Area 2 disposal area (3.3 Mt)

- Mined out 5034 pit (1.5 Mt)

- Mined out Hearne pit (3.0 Mt)
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A comparison was made between the Gahcho Kué site and the EKATI Mine site at the technical sessions. It

should be noted that the Gahcho Kué Area 2 disposal area is planned to contain 3.3 Mt of fine PK as

opposed to the EKATI Processed Kimberlite Containment Area (PKCA) which has a capacity of 58 Mt.

Currently, approximately 40 Mt of fine PK has been placed in the EKATI PKCA.

The source of the ore for the GK disposal areas is as follows:

- Area 2 – majority from 5034 pit, small amount from the Hearne Pit

- Mined out 5034 pit – majority from Hearne Pit, some from the Tuzo Pit

- Mined out Hearne pit – majority from Tuzo Pit

3.0 KEY FINDINGS

The conclusions from the test data reports are as follows:

- Settling 5034 and Hearne material using Magnafloc E10 achieved clear overflow water with

turbidity less than 100 NTU. (De Beers 2004).

- Settling rates determined for most Gahcho Kué samples from all 5034 and Hearne samples with 5

and 10 percent solids concentration ranged from 10.0 to 35.8 m/h, with a median settling rate of

23.1 m/h. Settling rates greater than 10 m/h are considered to settle easily (De Beers 2002).

- Settling rates for Tuzo ranged from 7.2 to 18.0 m/h with a median value of 16.2. One sample out of

15 samples from Tuzo had a settling rate less than 10 m/h. (De Beers 2008).

- Tuzo ore samples had a finer slurry particle size distribution than 5034 and Hearne samples.

(De Beers 2008).

- The Gahcho Kué ore bodies contain Smectite clay. The natural state of the Smectite clay is generally

highly calcium exchanged and has a relatively low exchangeable sodium percentage (ESP). It is

expected that colloidally settling slurries will be generated from the ore and water combinations at

the natural pH conditions. Good slurry flocculation and settling characteristics are expected. (De

Beers 2008, Patterson & Cooke 2005).

4.0 CONCLUSIONS

Based on the test results, it is anticipated that the fine PK will settle adequately within Area 2. Minimal

issues may be managed by blending of ores being fed in the plant.
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APPENDIX A
GAHCHO KUE SLIMES CHARACTERIZATION (2002)
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me/100g Milliequivalant per 100 grams of sample

meq/l Milliequivalant per litre
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WES Water and Environmental Services in Knowledge Services

ODS Ore Dressing Studies Department

ods Ore dressing study
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HK Hypabyssal Kimberlite

HK2

HKB Hypabyssal Kimberlite Breccia
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HK-GRN

HK-TKNt
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HNHK

TKSD

TKtB-HKt
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NOTE FOR THE RECORD

1. INTRODUCTION

Clay analysis and slimes characterisations were performed on Gahcho Kue samples as
part of the ore dressing study for Gahcho Kue. The Water and Environmental Services
(WES) involvement aims at characterising ore samples to establish expected changes in
operating conditions because of changes in ore body.

Fifteen (15) samples for characterisation were received from Gahcho Kue. The
descriptions of samples analysed are presented in Table 1. Nine of the samples were
taken from 5034 Diamond Drill Hole and the other six samples were taken from Hearne
Diamond Drill Holes.

Table 1: Gahcho Kue samples description

Drill Hole ID Drill Hole # LR # Sample
Description

Av. Depth (m)

5034 Diamond Drill Hole

MPV-02-076C
LR 1244 GRN 236

LR 1245 HK2 284

MPV-02-079C

LR 1246 HK 47

LR 1247 HKB 112

LR 1248 HK-GRN 160

Hearne Diamond Drill hole MPV-02-080C
LR 1249 HK-TKNt 100

LR 1250 HNHK 231

5034 Diamond Drill Hole MPV-02-082C

LR 1251 HK+B 105

LR 1252 GRN+K 189

LR 1253 HK+TKt 243

Hearne Diamond Drill Hole

MP-02-084C LR 1254 HK 86

MPV-02-085C

LR 1255 HK 60

LR 1256 HKg 142

LR 1257 TKSD 237

5034 Diamond Drill Hole MPV-02-087C LR 1258 TKtB-HKt 153

2. METHODOLOGY

The Characterisation and Treatment Section (CTS) within DebTech Projects & Services
screened the samples at –1 mm size fraction.

A portion of screened –1 mm material was sent to the Agricultural Research Council
(ARC), Institute of Soil, Climate and Water for mineralogy analysis. The mineralogy
analysis includes the following characterisation:

 Total mineral analysis,



Revision

1 . 0

Document No.
T05-400130-855

Gahcho Kue Slimes
Characterisation

Page 264of 281

 Clay mineral analysis,

 Extractable cation and cation exchange capacity, and

 Particle size distribution

Slimes were generated using the screened –1 mm samples and de-mineralised water
from Puréau Fresh Water Company. This water simulates pure/clean lake water expected
to be used within treatment plant at Gahcho Kue.

 Typical process water was generated by adding about 2 litres of de-mineralised water
in 500 g of crushed drill core.

 The mixture was stirred for 1 hour and then left to settle for 2 hours.

 The decant water was used to generate the slimes for testing using fresh ore samples.

 The slimes were generated at a concentration of 5 and 10 percent solids by mass for
each sample tested.

 Slimes characteristics analysis was then performed.

3. MINERALOGY ANALYSIS

The mineralogy analysis was conducted on crushed -1 mm size fraction material.
Tabulated results of total mineral, clay mineral and exchangeable cations analysis are
presented in Appendix A.

3.1 Total Mineral Analysis

Total mineral analysis indicate minerals present in the –2 mm + 2 m size fraction of the
ore body.

3.1.1 5034 Diamond Drill Hole

Total mineral analysis results of 5034 Diamond Drill Hole samples is presented in
Figure 1. The results indicated that the 5034 Diamond Drill Hole samples are composed
of smectite, mica, serpentine, pyrophyllite, quartz, gibbsite, feldspar and calcite in the –
2 mm + 2 m size fraction.

The results indicated that smectite dominated the TKtB-HKt and HK+TKt samples from
drill holes MPV-02-087C and MPV-02-082C respectively. The smectite content in these
samples was 70 and 27 percent respectively. Samples with high smectite content, greater
than 20 percent, in the absence of other mitigating factors, tend to cause settling
difficulties when in suspension with water.

The feldspar (sodium-rich mineral) was dominant in GRN and HK-GRN samples from drill
holes MPV-02-076C and MPV-02-079C and the content in these samples was 50 and
34 percent respectively. Samples with high feldspar content tend to have a high
exchangeable sodium percentage (ESP).
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The rest of 5034 Diamond Drill Hole samples were dominated by serpentine
[Mg3Si2O5(OH)4], which is a greenish, brownish mineral normally known as a source of
magnesium. The serpentine content in 5034 Diamond Drill hole samples ranges between
5 and 77 percent.
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Figure 1: Total mineral analysis of 5034 diamond drill hole samples

3.1.2 Hearne Diamond Drill Hole Samples

Total mineral analysis results of Hearne Diamond Drill Hole samples are presented in
Figure 2. The results indicated that the Hearne Diamond Drill Hole samples are composed
of smectite, mica, serpentine, pyrophyllite, quartz, feldspar and calcite in the –
2 mm + 2 m size fraction.

Only HK-TKNt and TKSD samples from Hearne Diamond Drill Hole taken from drill holes
MPV-02-080C and MPV-02-085C contained smectite mineral at a content of 58 and 35
percent respectively. The results showed that most of the Hearne Diamond Drill Hole
samples are dominated by serpentine.
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Figure 2: Total mineral analysis of Hearne Diamond Drill Hole samples

3.2 Clay Mineral Analysis

The clay mineral analysis indicates the mineralogy of the minus 2 micron size fraction (or
clay fraction).

3.2.1 5034 Diamond Drill Hole Samples

Clay mineral analysis results of 5034 Diamond Drill Hole samples are presented in
Figure 3. The results indicate that the 5034 Diamond Drill Hole samples are composed of
interstratified, smectite, vermiculite, mica, serpentine, kaolinite, pyrophyllite, quartz,
gibbsite, feldspar and calcite. The content of the problematic clay mineral, smectite, and
ranges between 14 and 87 percent in the clay fraction of 5034 Diamond Drill Hole
samples. This high smectite content may pose settling difficulties when the ore is
suspended in water.
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gure 3: Clay mineral analysis of 5034 Diamond Drill Hole samples

3.2.2 Hearne Diamond Drill Hole Samples

Clay mineral analysis results of Hearne Diamond Drill Hole samples are presented in
Figure 4. The results indicate that the Hearne Diamond Drill Hole samples are composed
of interstratified, smectite vermiculite, mica, serpentine, pyrophyllite, quartz, feldspar and
calcite. The content of the problematic clay mineral, smectite was found to be present in
HK-TKNt, HNHK and TKSD at a content of 77, 22 and 86 percent in the clay fraction of
Hearne Diamond Drill Hole samples. This high smectite content may pose settling
difficulties when the ore is suspended in water.
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Figure 4: Clay mineral analysis of Hearne Diamond Drill Hole samples

3.3 Extractable Cations and ESP

3.3.1 5034 Diamond Drill Hole

The extractable cation analysis and exchangeable sodium percentage results for
5034 Diamond Drill Hole samples are presented in Figure 5. Extractable cations are often
adsorbed on the clay crystal lattice structure and can be exchanged by other cations in
solution when in contact with water. The exchangeable sodium percentage (ESP) is an
indication of the sodium-exchanged state of the clays in the ore in the dry state (i.e. in
situ) and is determined from cation extraction test. The ESP is regarded as high if it is in
excess of 15 percent and may potentially provide settling problems, while samples with
ESP values less than 10 percent are regarded as being easy to settle.

The results indicated that 5034 Diamond Drill Hole samples are characterised by a very
low content of sodium exchanged clay and have a high content of extractable calcium.
The ESP values of 5034 Diamond Drill Hole samples are below 10 percent for most
samples, except for GRN sample. The GRN sample had an ESP value of 11 percent,
which is in the medium range.
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Figure 5: Extractable cations and ESP of 5034 Diamond Drill Hole samples

3.3.2 Hearne Diamond Drill Hole

The extractable cation analysis and exchangeable sodium percentage results for Hearne
Diamond Drill Hole samples are presented in Figure 6. The result indicated that Hearne
Diamond Drill Hole samples are characterised by a very low content of sodium exchanged
clay and have high content of extractable calcium. The ESP values of Hearne Diamond
Drill Hole samples are below 10 percent for all samples and indicate that easy settling
slurry characteristics can be expected for these samples.
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gure 6: Extractable cations and ESP of Hearne Diamond Drill Hole samples

3.4 Water Analysis

The results of chemical analysis of the de-mineralised water from Puréau Fresh Water
Company are presented in Table 2. Samples with SAR value in excess of 15 meq/l are
expected to generate non-settling slurries, while the samples with SAR value less than
10 meq/l are expected to generate settling slurries. Partial settling characteristics is
expected when the SAR value is between 10 and 15 meq/l.

The Sodium Absorption Ratio (SAR) of the Puréau Fresh Water was calculated from the
chemical analysis data as being 0.1 meq/l. This SAR is lower than that of the 5034
process water, however, both water samples has a potential of generating easy settling
slurries.

Table 2: Summarised chemical analysis of raw water

Determinant Puréau Fresh Water 5034 Process Water*

pH 6.7 8.0

Conductivity (mS/m) 4.01 350 S/cm

Colour (mg/t Pt-Co) 7

Turbidity (NTU) 0.8

Total Dissolved Solids (mg/l) 23 240
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Nitrate (mg/l N) 0.2 0.8

Alkalinity (mg/l CaCO3) <5 71

P-Alkalinity (mg/l CaCO3) <5

Chloride (mg/l Cl) 8 10.5

Sulphate (mg/l SO4) 7 80

Fluoride (mg/l F) <0.2 1.1

Sulphur (mg/l S) <0.2 28.9

Calcium (mg/l Ca) 3 29.2

Magnesium (mg/l Mg) <1 13.7

Potassium (mg/l K) 2 8.5

Sodium (mg/l Na) <1 18.0

SAR (meq/l) 0.1 0.7

*De Beers Canada provided 5034 process water chemical analyses and no water samples were submitted to DebTech for slimes
characterisation. Thus Puréau Fresh water was selected to prepare slurry samples for characterisation

3.5 Slimes Characterisation

Slimes were prepared using -1 mm size fraction of screened samples from Gahcho Kue
and de-mineralised water samples from Puréau Fresh. Slimes characterisation was
conducted at a feed solids concentration of 5, and 10 percent for each sample.

3.5.1 Slimes Characteristics

5034 Diamond Drill Hole

Slimes characteristics of 5034 Diamond Drill Hole samples are presented in Table 3.
Slimes samples with a pH within pH 9 – pH 11 range are regarded to be in a colloidally
stable pH range and tend to be difficult to settle. The pH value of 5034 Diamond Drill Hole
material was below pH 9 indicating that the slimes would settle readily.

The conductivity of 5034 Diamond Drill Hole slimes samples ranges from 1.07 to
2.38 mS/cm. Experience has shown that slurry samples with conductivity in excess of
3.0 mS/cm are easy to settle.

Particle size distribution graphs are presented in Appendix B. Microtrac X100 size
distribution results indicated that the 5034 Diamond Drill Hole slimes samples had ultra-
fines ranging from low to medium content as indicated by the minus 22 micron size
fraction.

Table 3: Slimes characteristics of 5034 Diamond Drill Hole samples

Ore Type Sample Av. Depth Req. % Act. RD Act. % pH Conductivity % -22



Revision

1 . 0

Document No.
T05-400130-855

Gahcho Kue Slimes
Characterisation

Page 272of 281

(m) Solids (kg/m
3
) Solids (mS/cm) micron

Fraction

GRN LR1244 236
5 1.033 5.1 8.00 1.61 24.9

10 1.066 9.9 8.42 1.80 10.2

HK2 LR1245 284
5 1.033 5.1 8.53 2.09 12.5

10 1.067 10.1 8.78 2.14 23.8

HK LR1246 47
5 1.034 5.3 8.46 1.78 23.8

10 1.066 9.9 8.72 1.92 26.6

HKB LR1247 112
5 1.034 5.3 8.28 1.18 23.8

10 1.067 10.1 8.74 1.70 15.9

HK-GRN LR1248 160
5 1.033 5.1 8.28 1.54 26.0

10 1.066 9.9 8.69 1.88 14.0

HK+B LR1251 105
5 1.033 5.1 8.13 1.29 9.7

10 1.066 9.9 8.36 1.81 22.8

GRN+K LR1252 189
5 1.034 5.3 8.15 2.09 27.5

10 1.066 9.9 8.86 2.38 29.4

HK+TKt LR1253 243
5 1.033 5.1 8.18 1.07 18.0

10 1.066 9.9 8.64 1.39 31.4

TKtB-HKt LR1258 153
5 1.034 5.3 8.20 1.38 25.4

10 1.066 9.9 8.74 2.08 17.9

Hearne Diamond Drill Hole

Slimes characteristics of Hearne Diamond Drill Hole samples are presented in Table 4.
The pH value of Hearne Diamond Drill Hole material was below pH 9 indicating that the
slimes would settle readily. The conductivity of slimes samples ranged from 1.05 to
2.08 mS/cm.

Microtrac X100 size distribution results indicated that the Hearne Diamond Drill Hole
slimes samples had ultra-fines ranging from low to high content as indicated by the minus
22 micron size fraction. A high content of ultra-fines, in excess of 40 percent, was
recorded for the HK-TKNt slimes with a 10 percent solids concentration. A high content of
ultra-fines, greater than 40 percent, increases the surface area of suspension in water
thereby increasing the colloidal stability of the slimes.

Table 4: Slimes characteristics of Hearne Diamond Drill Hole samples

ODS Sample Av. Depth
(m)

Req.
%

Solids

Act. RD
(kg/m

3
)

Act. %
Solids

pH Conductivity
(mS/cm)

% -22
micron
Fraction

HK-TKNt LR1249 100 5 1.035 5.4 8.26 1.05 29.3

10 1.067 10.1 8.64 1.98 45.6

HNHK LR1250 231 5 1.034 5.3 8.26 1.19 13.5
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10 1.066 9.9 8.68 2.08 20.7

HK LR1254 86 5 1.034 5.3 8.24 1.16 34.2

10 1.066 9.9 8.44 1.94 26.8

HK LR1255 60 5 1.034 5.3 8.24 1.13 26.2

10 1.066 9.9 8.65 1.71 19.9

HKg LR1256 142 5 1.033 5.1 8.14 1.11 35.6

10 1.066 9.9 8.56 1.68 24.7

TKSD LR1257 237 5 1.033 5.1 8.15 1.65 30.5

10 1.066 9.9 8.76 1.98 33.5

3.5.2 Flocculant Selection

Flocculant selection was conducted on the 10 percent solids concentration slurry, using
E10, 156, 1011, AO17, AD2 and 5250L flocculants. Flocculant were stirred and hydrated
in tap water for approximately two hours at a 0.025 percent strength.

Ciba Chemical (Pelichem) produces Magnafloc E10, 156, 1011and 5250L flocculants
while Ore Pro Consultant produces the AO17 and AD2 flocculants.

Ten millilitres of slimes sample was dispensed into six test tubes and each test tube was
then dosed with 0.1 ml of flocculants. Test tubes are then shaken and observed for floc
settling. A flocculant that produced good flocculation and clear water was selected for
conducting settling tests.

From the selected flocculants, Magnafloc E10 produced good flocculation and very clear
overflow water. Magnafloc E10 was used to perform settling test for the entire Gahcho
Kue slimes samples, as it was the most efficient flocculant for settling the material.

3.5.3 Flocculant Dosage and Settling Characteristics

Tabulated data of the flocculant dose and settling characteristics of Gahcho Kue material
is presented in Appendix C. The settling curves of the Gahcho Kue slimes are presented
in Appendix D.

5034 Diamond Drill Hole Samples

The settling rates and flocculant dosage of 5034 Diamond Drill Hole samples as functions
of depth are presented in Figure 7 and 8 respectively. Good settling rates were recorded
for the slimes with a 5 and 10 percent solids concentration. As expected, lower settling
rates were recorded for TKtB-HKt and HK+TKt samples, potentially due to domination by
smectite mineral in the total mineral fraction.

Settling rates for 5034 Diamond Drill Hole samples ranges as follows:

 5 percent solids concentration slimes: 23.2 m/h – 34.0 m/h
 10 percent solids concentration slimes: 10.0 m/h – 23.6 m/h
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Flocculant dose indicated that a slurry with a 5 percent solids concentration require 4.7 to
11.8 g/t while the 10 percent requires 5.9 to 11.8 g/t. There was a little variation in
flocculant consumption for 5 and 10 percent solids concentration slimes of 5034 Diamond
Drill Hole material.
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ure 7: Settling rates of 5034 Diamond Drill Hole samples
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Figure 8: Magnafloc E10 dosages of 5034 Diamond Drill Hole samples
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Hearne Diamond Drill Hole Samples

The settling rate and flocculant dosage of Hearne Diamond Drill Hole samples as
functions of depth are presented in Figure 9 and 10 respectively. Good settling rates were
recorded for the slimes with a 5 and 10 percent solids concentration. Lower settling rates
were recorded for HK-TKNt and TKSD samples. These samples were dominated by
smectite mineral in the total mineral fraction. Settling rates for 5034 Diamond Drill Hole
samples ranges as follows:

 5 percent solids concentration slimes: 19.7 m/h – 35.8 m/h
 10 percent solids concentration slimes: 10.4 m/h – 24.8 m/h

Low flocculant doses were required to settle Hearne Diamond Drill Hole samples. The
flocculant dose for the Hearne Diamond Drill Hole sample ranges from 6.9 to 13.7 g/t for
5 percent solids slurry and from 7.1 to 11.8 g/t for a 10 percent solids slurry samples.
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Figure 10: Magnafloc E10 dosages of Hearne Diamond Drill Hole samples

4. CONCLUSIONS

The pH value of Gahcho Kue slimes samples ranges between pH 8.0 and pH 8.8 and
these values are typically in the unstable pH region and slurries within this pH range are
expected to settle easily.

The ultra-fines content for most of the Gahcho Kue slimes samples ranges from low to
medium. Only one sample, HK-TKNt, had a high ultra-fines content in excess of
40 percent. Ultra-fines content in excess of 40 percent increases the surface area of
suspension and are responsible for absorbing flocculant.

No coagulation was required to render Gahcho Kue slimes unstable prior to flocculant
addition.

A wide range of flocculants were able to bring about flocculation for Gahcho Kue slimes
samples. Magnafloc E10 was the most efficient flocculant to use for the Gahcho Kue
slimes samples.

Low flocculant dosages, ranging between 4.7 g/t and 13.7 g/t, were recorded for
flocculating Gahcho Kue samples.

Good settling rates were determined for most Gahcho Kue slimes samples with 5 and
10 percent solids concentration. The settling rates of Gahcho Kue slimes samples ranges
between 10 m/h and 35.8 m/h, with a median settling rate being 23.1 m/h.

Total mineral analysis indicated that Gahcho Kue ore bodies are composed of a wide
range of minerals. High smectite content in the TKtB-HKt, HK+TKt, HK-TKNt and TKSD
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samples has a potential to cause settling problems. This was seen by relative lower
settling rates recorded by these samples.

The ESP values of the Gahcho Kue samples are less than 15 percent. Samples with such
low ESP values are known to settle easily.

5. RECOMMENDATIONS

 Magnafloc E10 should be used to treat Gahcho Kue slimes samples and should be
dosed in two sequential units.

 Feed slurry to the thickener should be in the order of 5 percent solids concentration as
some poor settling characteristics were generally observed at 10 percent solids
concentration.

 Design settling rate for Gahcho Kue thickening unit should be taken as 23 m/h.
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APPENDIX A: MINERALOGY RESULTS
Table A1: Total Mineral Analysis
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LR1244 GRN 236 19 31 50

LR1245 HK2 284 13 77 10

LR1246 HK 47 23 59 9 9

LR1247 HKB 112 42 38 20

LR1248 HK-GRN 160 13 14 19 13 34 7

LR1249 HK-TKNt 100 58 14 11 17

LR1250 HNHK 231 11 79 10

LR1251 HK+B 105 15 13 29 12 10 21

LR1252 GRN+K 189 3 6 5 53 29 4

LR1253 HK+TKt 243 27 7 18 9 15 24

LR1254 HK 86 7 66 13 14

LR1255 HK 60 90 10

LR1256 HKg 142 35 46 10 9

LR1257 TKSD 237 35 6 5 45 9

LR1258 TKtB-HKt 153 70 5 12 13

Table A2: Clay Mineral Analysis

S
a
m

p
le

O
D

S

A
v
.

D
e
p
th

(m
)

In
te

rs
tr

a
ti
fi
e
d

S
m

e
c
ti
te

V
e
rm

ic
u
lit

e

M
ic

a

S
e
rp

e
n
ti
n
e

K
a
o
lin

it
e

P
y
ro

p
h
y
lli

te

Q
u
a
rt

z

G
ib

b
s
it
e

F
e
ld

s
p
a
r

C
a
lc

it
e

LR1244 GRN 236 17 39 5 13 26

LR1245 HK2 284 33 56 6 5

LR1246 HK 47 24 6 52 8 10

LR1247 HKB 112 14 8 17 61

LR1248 HK-GRN 160 4 56 7 22 7 4

LR1249 HK-TKNt 100 4 71 2 15 8

LR1250 HNHK 231 22 69 9

LR1251 HK+B 105 34 39 11 7 9

LR1252 GRN+K 189 22 39 5 9 21 4

LR1253 HK+TKt 243 62 4 16 9 9

LR1254 HK 86 41 53 6

LR1255 HK 60 7 87 6

LR1256 HKg 142 31 16 48 5

LR1257 TKSD 237 86 4 4 6
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LR1258 TKtB-HKt 153 87 3 6 4
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Table A3: Extractable Cations and Exchangeable Sodium Percentage

Sample ODS Av. Depth (m) Na K Ca Mg CEC ESP (%)

LR1244 GRN 236 0.42 0.34 8.17 1.18 3.96 10.59

LR1245 HK2 284 0.08 0.13 13.63 3.04 1.67 4.68

LR1246 HK 47 0.15 0.17 12.32 5.22 3.19 4.58

LR1247 HKB 112 0.43 0.40 16.00 2.29 7.15 6.00

LR1248 HK-GRN 160 0.40 0.31 14.08 4.39 10.12 3.94

LR1249 HK-TKNt 100 0.88 0.26 23.53 11.88 35.07 2.51

LR1250 HNHK 231 0.17 0.08 9.22 10.91 2.38 7.13

LR1251 HK+B 105 0.51 0.68 12.78 8.15 17.88 2.85

LR1252 GRN+K 189 0.31 0.19 16.00 1.18 4.31 7.22

LR1253 HK+TKt 243 2.07 0.17 26.68 5.81 22.23 9.31

LR1254 HK 86 0.12 0.20 13.33 4.35 3.74 3.18

LR1255 HK 60 0.07 0.12 7.65 15.10 2.67 2.58

LR1256 HKg 142 0.12 0.18 10.67 3.56 1.35 8.87

LR1257 TKSD 237 1.33 0.21 23.89 9.12 38.40 3.47

LR1258 TKtB-HKt 153 0.42 0.21 35.26 14.25 45.70 0.91
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APPENDIX B: MICROTRAC X100 SIZE DISTRIBUTION

Microtrac Particle Size Distriution of Gucho Kue Slimes Samples
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APPENDIX C: SLIMES SETTLING CHARACTERISTICS DATA

Table C1: Settling Data of 5034 Diamond Drill Hole Samples

Ore Type Sample
Av. Depth

(m)

Settling Characteristics

ml/1000ml g/t % Solids
Set. Rate

(m/h)
Final Height

(mm)

GRN LR1244 236
1.0 4.7 30.12 32.5 20

2.5 5.9 42.28 23.6 52

HK2 LR1245 284
1.0 4.7 29.98 31.2 14

2.5 5.8 44.36 23.0 48

HK LR1246 47
1.0 4.6 32.18 31.9 24

2.5 5.9 40.66 21.6 54

HKB LR1247 112
1.0 4.6 42.98 31.6 23

3.5 8.1 50.34 18.6 54

HK-GRN LR1248 160
1.0 4.7 32.78 34.0 26

2.5 5.9 52.98 22.5 49

HK+B LR1251 105
2.0 9.4 40.16 20.5 23

4.5 10.6 54.59 16.7 56

GRN+K LR1252 189
2.5 11.4 38.97 33.5 29

5.0 11.8 51.10 18.0 60

HK+TKt LR1253 243
2.5 11.8 40.26 28.1 23

5.0 11.8 58.98 13.3 75

TKtB-HKt LR1258 153
2.0 9.2 30.92 23.2 23

5.0 11.8 52.81 10.0 78

Table C2: Settling Data of Hearne Diamond Drill Hole Samples

ODS Sample
Av. Depth

(m)

Settling Characteristics

ml/1000ml g/t % Solids
Set. Rate

(m/h)
Final Height

(mm)

HK-TKNt LR1249 100
2.0 8.9 30.79 19.7 29

4.5 10.5 45.98 10.4 78

HNHK LR1250 231
1.5 6.9 43.91 34.6 22

3.0 7.1 50.68 19.7 43

HK LR1254 86
1.5 6.9 40.18 32.4 13

4.0 9.4 52.14 23.4 32

HK LR1255 60
3.0 13.7 46.16 32.8 33

5.0 11.8 59.08 16.8 42

HKg LR1256 142
1.5 7.1 30.78 35.8 20

4.5 10.6 54.66 24.8 44
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TKSD LR1257 237
2.0 9.4 31.08 22.7 25

5.0 11.8 52.19 12.2 71
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APPENDIX D: SLIMES SETTLING CURVE

Settling Curves of Gucho Kue Samples using Magnafloc E10
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Settling Curves of Gucho Kue Samples using Magnafloc E10
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ACRONYMS, ABBREVIATIONS AND DEFINITIONS 
Acronyms and Abbreviations 
AARL Anglo American Research Laboratory 
ARC Agricultural Research Council – Institute of Soil, Climate & Water 
CCC Critical Coagulation Concentration 
ESP Exchangeable Sodium Percentage 
ISO International Standards Organisation 
meq/100g Milliequivalent per 100 grams of soil 
meq/l Milliequivalent per litre 
ODS Ore Dressing Studies 
PSD Particle Size Distribution 
SAR Sodium Absorption Ration 
GTS Group Technical Support 
WES Water and Environmental Services 
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NOTE FOR THE RECORD 

1. INTRODUCTION 

This document form part of the slimes characterisation report that was done as part of Gahcho 
Kue Phase I ODS, Document No. T05-4000130-855. The work included full mineralogical 
characterisation and initial slimes characterisation of Hearne and 5034 samples. These results 
are available in a Note for the Record compiled by P Tomo [1]. 

The above note reported that the Gahcho Kue ore samples generated unstable slurries which 
were easy to treat. Magnafloc E10 was found to be best flocculant at low flocculant dosages 
ranging between 4.7 and 13.7 g/t. 

The report is about work done as an input data pack to the paste characterisation work to be 
done at Paterson & Cooke Consulting Engineers in Cape Town. 

2. LABORATORY SCALE TEST WORK 

2.1 Chemical Analysis 

One litre each of raw water and ‘typical’ process water samples were dispatched to AARL for 
full chemical analysis. Raw water samples were dispatched as received from De Beers 
Canada. The “typical” process water was generated using two different ore samples, that 
Hearne and 5034 ore bodies. 

Typical process water was generated as follows: 

o Measure up a 20% (by mass) slimes suspension to a total volume of 5 litres using raw 
water and –1 mm ore material as provided (e.g. 1 kg ore/5litres water); 

o Stir the suspension for 20 minutes; 
o Allow suspension to settle for 10 minutes; 
o Decant the supernatant water; and 
o This supernatant water should now be similar to typical thickener overflow (or process 

water) in chemical composition. 

The stability of a clay suspension is influenced by the type of ions dissolved in the water, 
which in turn influences the types of ions adsorbed onto the clay surfaces, thus the need to 
perform the chemical analysis. 

2.2 Mineralogical Analysis 

The mineralogy of Hearne and 5034 ore bodies was analysed and reported previously [1]. The 
analysis indicated that the ores contained very low levels of sodium exchanged smectite clays. 

2.3 Slimes Generation 

Slimes samples were generated using Canada raw water and the screened -1 mm and -
300 µm ore material for both ore bodies. 
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2.4 Reagent Preparation 

Reagent used during flocculation was the same as the findings of the Gahcho Kue Phase I 
ODS, which is Magnafloc 10 (formerly E10). 

• Flocculant preparation: 
o Flocculants were prepared at a working strength of 0.025 percent; 
o 0.025 grams of dry powders was added; 
o Added the powder to 100 ml of water; and 
o Hydrated the mixture for approximately 2 hours. 

Reagents were not allowed to stay overnight and for each day a fresh batch of reagent 
solution was prepared.  

2.5 Slimes Characterisation 

The following characterisation tests were conducted: 

• Measurement of the pH and electrical conductivity of all slurry samples using the 704 pH-
meter and the Yokogawa Model SC82 Conductivity Meter, respectively; 

• Particle size distribution (PSD) analysis of the slurry using Microtrac X100 Particle Size 
Analyser; 

• Reagent demand test: 
o The objective of this test was to determine the quantity of reagent (coagulant and 

flocculant) required for clay particles to aggregate; 
o Using a 100ml of slurry at its natural pH, stirred with a magnetic stirrer, the coagulant 

at the CCC was added; 
o Flocculant was then added drop-wise until flocculation occurs. The volume of 

flocculant used was recorded; 

• Settling tests: 
o The optimum flocculant doses, which gave the best results in terms of flocculation 

and supernatant clarity during reagent demand tests, were used for settling tests; 
o For each settling test, a one litre measuring cylinder was filled with slurry at its 

natural pH; 
o The required flocculant dose was then added and the cylinder again inverted three to 

four times for thorough mixing; 
o Once the cylinder was set down, the distance settled by the bed level interface was 

marked off and measured for 10s, 20s, 30s, 40s, 50s, 1min, 2min, 3min, 4min, 5min, 
10min, 15min, 20min, 25min , 30min, 40min, 50min and 60min; 

o After 30 minutes, the turbidity of the supernatant was measured using Hach 
Ratio/XR Turbidimeter as well as the Wedge scale; and 

o The percent solid of the underflow slurry was measured using Mettler LP16 & 
PM2000 Drier. 
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3. RESULTS 
3.1 Chemical Analysis Results 

Summarised chemical analysis results of the water samples from Gahcho Kue are presented 
in Table 1 and a complete analysis is presented in Appendix A. An analysis of the water in 
which kimberlitic clay is suspended provides information as to the colloidal nature of the 
suspension. The stability of a clay suspension is influenced by the type of ions dissolved in the 
water, which in turn influences the types of ions adsorbed onto the clay surfaces. 

The first parameter, which gives indications of the expected colloidal nature of slurry 
suspension, is the sodium absorption ratio (SAR). The SAR, measured in (meq/l), is a ratio of 
the concentrations of sodium (monovalent ion), calcium and magnesium (divalent ions) in the 
suspending water. Waters with a SAR in excess of 15 meq/l are expected to form non-settling 
suspensions. 

The results indicated that the Gahcho Kue raw water and “typical” process water samples had 
a very low SAR value and thus are expected to generate easy settling slurries when in contact 
with kimberlitic-clay material. 

Table 1: Summarised chemical analysis results of Gahcho Kue water samples 

Sample ID GK Raw 
Water 

Hearne “Typical” 
Process Water 

5034 “Typical” 
Process Water 

pH at 25OC 6.7 6.4 7.1 
Conductivity mS/m at 25oC 2 20 20 
Calcium as Ca 2 11 11 
Magnesium as Mg 0.6 5 4 
Sodium as Na 0.6 13 9 
SAR (meq/l) 0.1 0.8 0.6 
Ionic Strength 0.0003 0.0024 0.0024 

3.2 Slimes Characterisation Results 
3.2.1 Feed Solids Optimisation 

Feed solids concentration optimisation was conducted using a 1 litre cylinder tests. During feed 
solids optimisation the reagent dosages were kept constant for each test while the feed solid 
concentration was changed. 

The reagent dose for the Hearne feed solids optimisation was kept at 10 g/t and 39 g/t for a 
minus 1 mm and -300 µm slurry samples respectively. The free settling rate for each feed 
solids concentration was measured and recorded. Figure 1 presents the settling flux as 
functions of feed solids concentration for Hearne ore body. 

The results indicate that the optimum settling fluxes were achieved at 7.5 and 10 percent feed 
solids concentration for a minus 1 mm and -300 µm Hearne slurry samples respectively. 
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Figure 1: Settling flux as a function of feed solids concentration for Hearne ore body. 

The reagent dose for the 5034 feed solids optimisation was kept at 10 g/t and 20 g/t for a 
minus 1 mm and -300 µm slurry samples respectively. The free settling rate for each feed 
solids concentration was measured and recorded. Figure 2 presents the settling flux as 
functions of feed solids concentration for 5034 ore body. 

The results indicate that the optimum settling fluxes were achieved at 5 and 7.5 percent feed 
solids concentration for a minus 1 mm and -300 µm 5034 slurry samples respectively. 
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Figure 2: Settling flux as a function of feed solids concentration for 5034 ore body. 
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3.2.2 Flocculant demand 

Flocculant demand was conducted in a beaker test at 5 percent feed solids concentration while 
varying flocculant dosage. 

Figure 3 presents the flocculant demand result for the Hearne slimes samples. The results 
indicated that a flocculant dose of 5 to 10 g/t will be able to treat the -1mm Hearne slurry 
efficiently (Fig. 3a). The optimum flocculant dose for treating the -300µm Hearne slurry was 
ranging at between 28 to 38 g/t (Fig. 3b). 

This indicates that a degritted Hearne material would require almost trice the flocculant dosage 
of treating a co-thickened Hearne material. 

Flocculant demand for -1mm Hearne slurry
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Flocculant demand of -300micron Hearne slurry
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Figure 3: Flocculant demand for Hearne slimes samples (a) -1mm slurry sample, and (b) -300µm 
slurry sample. 

Figure 4 presents the flocculant demand result for the 5034 slimes samples. The results 
indicated that a flocculant dose of 5 to 10 g/t will be able to treat the -1mm 5034 slurry 
efficiently (Fig. 4a). The optimum flocculant dose for treating the -300µm 5034 slurry was 
ranging at between 10 to 20 g/t (Fig. 4b). 

This indicates that a degritted 5034 material would require almost twice the flocculant dosage 
of treating a co-thickened Hearne material. 
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Flocculant demand of -300micron 5034 slurry
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Figure 4: Flocculant demand for 5034 slimes samples (a) -1mm slurry sample, and (b) -300µm 

slurry sample. 

3.2.3 Settling data 

Settling tests were conducted on the slurry’s natural pH and no pH modification tests were 
conducted. Magnafloc E10 was used for the settling tests of all slimes samples. The settling 
test results are presented in Table 2. 

Good settling results were achieved for all slurry types tested. Very good settling rates higher 
than 10 m/h and overflow clarities of less than 100 NTU were achieved. 

In general, flocculant demand was higher for finer slurry, with dosages of 10 g/t for coarser 
slurries and 20 – 38 g/t for finer slurry samples. Coarser slurry samples gave rise to higher 
terminal density of 1.673 and 1.718 t/m3 for Hearne and 5034 respectively. 

Table 2: Settling data of Gahcho Kue slimes samples 

Feed Solids Dose Settling Analysis UF Slurry 
Slurry Type 

t/m3 % 
pH Cond. 

(mS/cm) g/t m/h t/h/m2 NTU % t/m3 

-1mm 1.048 7.4 9.0 0.195 10 20.4 9.48 59 64.6 1.673 

H
ea

rn
e 

-300µm 1.066 9.9 9.1 0.398 38 10.3 2.24 94 44.2 1.380 

-1mm 1.067 10 9.2 0.167 10 20.0 11.40 58 67.1 1.718 

50
34

 

-300µm 1.049 7.5 9.2 0.245 20 18.1 5.39 34 48.3 1.430 
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4. CONCLUSIONS 

Gahcho Kue water was relatively easy to treat when combined with Hearne and 5034 material. 
This might be due to a very low SAR value of less than 1 meq/l, which is far less than a danger 
limit of 15 meq/l. 

Settling characterisation was conducted to simulate treatment of both co-thickening (-1.5 mm) 
and degritted (-300 µm) slurries. The optimum settling fluxes at the following feed solids 
concentration: 

 -1.5 mm slurry (Co-thickening) -300 µm slurry (Degritted) 
• Hearne material: 7.5% 10% 
• 5034 material: 5% 7.5% 

Flocculant demand indicated that degritted slurry would required almost twice the flocculant 
dosage of treating co-thickened slurry. The optimum flocculant dose for Gahcho Kue material 
is as follows: 

 -1.5 mm slurry (Co-thickening) -300 µm slurry (Degritted) 
• Hearne material: 5 – 10 g/t 28 – 38g/t 
• 5034 material: 5 – 10 g/t 10 – 20g/t 

Good settling rates higher than10 m/h was achieved for all samples tested. Settling Hearne 
and 5034 material using Magnafloc E10 achieved clear overflow water with turbidity of less 
than 100 NTU. 

The co-thickened slurry gave rise to high terminal density of approximately 66 percent solids 
while the de-gritted slurry had a average underflow density of about 46 percent solids. 
However, with a good raking mechanism and bed compaction, the underflow density can be 
increased. 
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APPENDIX A: WATER ANALYSIS DATA 

SAMPLE I.D. GK Raw Water Hearne “Typical” 
Process Water 

5034 “Typical” 
Process Water 

pH at 25OC 6.7 6.4 7.1 
Conductivity mS/m at 25oC 2 20 20 
Total Dissolved Solids  at 180oC <20 92 98 
Total Suspended Solids at 105oC <10 644 441 
Alkalinity - mg/l CaCO3     pH 4,5 7 50 58 
Ca Hardness as mg/l CaCO3 5 27 21 
Mg Hardness as mg/l CaCO3  2 21 48 
Total Hardness as mg/l CaCO3  7 48 69 
Fluoride as F <0.04 0.41 0.31 
Chloride as Cl 1 26 23 
Nitrites as NO2 <0.5 <0.5 <0.5 
Nitrates as NO3 <0.5 2 <0.5 
Nitrates as N <0.5 1 <0.5 
Phosphate as PO4 <0.5 <0.5 <0.5 
Sulphate as SO4 1 8 5 
Total Phosphorus as P <0.5 <0.5 <0.5 
Silver as Ag <0.2 <0.2 <0.2 
Aluminium as Al <0.5 <0.5 <0.5 
Calcium as Ca 2 11 11 
Chromium as Cr <0.1 <0.1 <0.1 
Copper as Cu <0.5 <0.5 <0.5 
Iron as Fe <0.5 <0.5 <0.5 
Magnesium as Mg 0.6 5 4 
Sodium as Na 0.6 13 9 
Potassium as K 0.7 7 10 
Lead as Pb <0.1 <0.1 <0.1 
Zinc as Zn <0.5 <0.5 <0.5 
Silica as Si <0.5 4 5 

Cation / Anion Balance - % Diff. 1.09 -9.79 -15.65 
SAR (meq/l) 0.1 0.8 0.6 
Ionic Strength 0.0003 0.0024 0.0024 
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APPENDIX B: SLIMES SETTLING CURVE 

Settling Curves of Hearne Slurry
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Settling Curves of 5034 slurry samples
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1 INTRODUCTION 
Clay analysis and slimes characterisation were conducted on fifteen (15) drill core samples from 
Gahcho Kue Tuzo as part of ore dressing studies. DebTech’s involvement aims to characterise the 
samples to establish the treatability of the slimes. 

2 METHODOLOGY 
2.1 Chemical Analysis 
No raw water samples were submitted from Canada and thus distilled water from Consolidated Water 
Conditioning SA (Pty) Ltd was used for preparing slurry samples. One litre each of “typical” process 
water samples were dispatched to AARL for full chemical analysis. 

The stability of a clay suspension is influenced by the type of ions dissolved in the water, which in turn 
influences the types of ions adsorbed onto the clay surfaces, thus the need to perform the chemical 
analysis. 

2.2 Mineralogical Analysis 
A sample was dispatched to Agricultural Research Council for mineralogical analysis. The analysis 
included the following characterisation: 

• Total analysis 
• Clay mineral analysis 
• Exchangeable cations and cation exchange capacity 
• Particle size distribution 

2.3 Slimes Characterisation 
Slimes characterisation was conducted on Gahcho Kue Tuzo ore samples as per test procedure 
highlighted in the Group Mining & Exploration Slimes Characterisation Work Instruction Manual, 
Document No. 5624-B00P01-PSS-00001-5624. 

2.4 Sample Description 
Gahcho Kue Tuzo Mine sampling programme supplied ore material in the form of drill core as 
presented in Table 1 below. 

Table 1: Tuzo sample descriptions 

Description Position LR No Number of Trays
Bottom LR-070925-001 8 
Middle LR-070925-002 6 MPV-07-280C 

Top LR-070925-003 10 
Bottom LR-070925-004 8 
Middle LR-070925-005 6 MPV-07-294C 

Top LR-070925-006 7 
Bottom LR-070925-007 6 
Middle LR-070925-008 6 MPV-07-297C 

Top LR-070925-009 6 
Bottom LR-070925-010 7 
Middle LR-070925-011 7 MPV-07-298C 

Top LR-070925-012 7 
Bottom LR-070925-013 7 
Middle LR-070925-014 6 MPV-07-299C 

Top LR-070925-015 8 
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3 WATER ANALYSIS RESULTS 
3.1 Chemical Analysis and Sodium Adsorption Ratio 
Summarised chemical analysis results of the raw and ‘typical’ process water samples for Gahcho Kue 
area are presented in Table 2 and a complete analysis is presented in Appendix A. An analysis of the 
water in which kimberlitic clay is suspended provides information as to the colloidal nature of the 
suspension. The stability of a clay suspension is influenced by the type of ions dissolved in the water, 
which in turn influences the types of ions adsorbed onto the clay surfaces. 

If calcium is adsorbed on the clay surface it provides a divalent link to adjacent clay layers, meaning 
that although the clay swells in the presence of water, the layers are bound together by the calcium ion 
preventing complete dissociation. Sodium is a monovalent ion and therefore cannot provide a link 
between clay layers. When sodium-exchanged clay comes into contact with water it completely 
dissociates, resulting in a stable colloidal suspension. 

The raw and ‘typical’ water had a very low conductivity of less than 0.2 mS/cm. This water when in 
contact with any ore material whose clays are sodium-exchanged will potentially generate slurry 
suspension described as colloidally stable (partial to non-settling slurry). However, most of the Gahcho 
Kue material clays are not sodium-exchanged, thus the low water conductivity will be of little concern. 

Table 2: Summarised water analysis results of Gahcho Kue raw & “typical” process water 

Tuzo ODS Phase II ODS (2004) 
SAMPLE I.D. Tuzo Proc 

H2O 008 
Tuzo Proc 
H2O 013 

Raw 
H2O 

Hearne 
Proc H2O 

5034 
Proc H2O Supernatant 

pH at 25 0C 8.4 9.4 6.7 6.4 7.1 6.7 

Alkalinity as CaCO3 67 97 7 50 58 38.3 

Conductivity mS/m at 25 0C 20 21 2 20 20 14.0 

TDS at 180 0C 156 190 <20 92 98 95.0 

Fluoride as F 0.49 0.21 <0.04 0.41 0.31 0.4 

Chloride as Cl 2 10 1 26 23 16.7 

Sulphate as SO4 31 12 1 8 5 4.7 

Calcium as Ca 20 < 2 2 11 11 8.0 

Sodium as Na 31 47 0.6 13 9 7.5 

Potassium as K 4 3 0.7 7 10 5.9 

Magnesium as Mg 4 < 2 0.6 5 4 3.2 

SAR (meq/l)   0.1 0.8 0.6  
Ionic Strength   0.0003 0.0024 0.0024  

4 MINERALOGICAL ANALYSIS RESULTS 
4.1 Exchangeable cations and ESP 
The results of exchangeable sodium percentage (ESP) are presented graphically in Figure 1. The ESP 
is a measure of the sodium adsorbed on the clay surface and thus together with SAR provides 
information as to the colloidal nature of the suspension. When sodium-exchanged clay comes into 
contact with water, it completely dissociates, resulting in a stable colloidal suspension. The ESP is 
defined as the amount of exchangeable sodium expressed as a percentage of the cation exchange 
capacity (i.e. the total amount of all positively charged ions adsorbed on the clay surface). 

Major problem caused by excessive salts in soils, is due to the dispersive effect sodium has on soil 
clays. Dispersion is the reverse process to aggregation, (Ca, Mg and other di- or trivalent cations 
promote aggregation). Unless the soil salinity is high, dispersion will occur in soils having excess 
sodium and relatively low calcium and magnesium. As a general rule, within the slurry pH range of 
9.0 to 11, dispersion can be expected to occur when ESP is greater than 15 percent and 
electrical conductivity is less than 3 mS/cm. 
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Most of the Tuzo samples recorded relatively low ESP values. Only two samples, LR070925-001 and 
007 recorded higher ESP values and thus would be expected to generate collodially stable slurry 
suspension when in contact with Gahcho Kue raw water. 
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Figure 1: Comparison of the Tuzo ESP with that of the Hearne & 5034 material 

4.2 Total and Clay Mineral Analysis 
The total and clay mineralogical analyses of the Gahcho Kue samples are presented in Figure 2 and 3 
respectively, with detailed data appended in Appendix C and D. Total and clay mineral analysis 
indicates minerals present in the –2 mm + 2 µm and -2 µm size fraction of the sample. 

The results of total mineral analysis indicated that the Gahcho Kue ore is composed of a wide range of 
minerals which includes serpentine, smectite, talc, calcite, amphibole, kaolinite, dolomite, feldspar, 
mica, quartz, pyrophyllite and gibbsite. 

The known problematic swelling mineral, smectite, was found in a varying proportion in all Tuzo pipe 
samples. Smectite has ability to absorb water molecules between the crystal layers, which cause the 
clay structure to expand and could lead to the dissociation of clay platelets and ultimately dispersion in 
slurry suspension. The average content of smectite in the Total Mineral Analysis (–2 mm + 2 µm) for 
Tuzo material was 37 percent with a range of 1 to 66 percent. 

In general, the mineralogical characteristic of the Tuzo pipe indicate some potential of generating 
difficult slurry suspension due to swelling smectite content. However, most of the Tuzo material is 
expected to behave similar to the Hearne and 5034 pipe material when in slurry suspension. 
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Figure 2: Total Mineral Analysis for Gahcho Kue material 
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Figure 3: Clay Mineral Analysis for Gahcho Kue material 

4.3 Particle Size Distribution (in situ) 
Figure 4 presents the averaged PSD of the Gahcho Kue material in dry form. The results indicated a 
low ultra-fine content (-20 µm size fraction) which ranges between 7 and 25 percent. However, it 
should be noted that when the samples are wetted, they will swell and weather, thereby generating 
additional ultra-fines. Thus, in a slurry form, an elevated ultra-fine content will be noticed. 

Tuzo material indicated a much finer PSD compared to Hearne and 5034 material. A high ultra-fine 
content in excess of 40 percent increases the surface area of suspension when in contact with water 
and thus its colloidal stability increases. 
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Particle Size Distribution of Gahcho Kue Material
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Figure 4: Particle size distribution of Gahcho Kue material (in-situ) 

5 SLIMES CHARACTERISATION RESULTS 
5.1 Feed Solids Optimisation 
The process plant typically produces a thickener feed slurry at variable solids concentration based on 
the water usage at the various metallurgical unit processes. The internal dilution features of the 
thickening units are then used to adjust the thickener feed solids concentration to the optimum 
required for flocculation as determined through the static dewatering test work. Most modern 
thickeners have variable internal dilution features that are capable of adjusting the dilution ratio as the 
feed characteristics change. 

The results indicated that the optimum settling rate and settling flux were achieved at about 
7.5 percent solids concentration for the majority of Tuzo slurry samples. Characterisation of the 
Hearne and 5034 material was only conducted on the 5 and 10 percent slurry solids concentration. 

5.2 Slimes Settling Data 
The summarised settling data of Tuzo Pipe slurry are presented in Table 3 according to the geological 
description. Detailed results are presented in Appendix E. 

The unflocculated slimes characteristics indicated the slurry pH range of 8.8 – 9.6 and conductivity of 
0.65 – 2.62 mS/cm. Experience has shown that slurry samples with conductivity, in excess of 
3.0 mS/cm tends to settle easily and in most cases would not require coagulation or salt/pH 
modification. 

The optimised flocculant dosage rate for the majority of Tuzo slimes material indicated relatively low 
consumption rates which are similar to the previous Gahcho Kue study for the Hearne and 5034 ore 
materials. Flocculant consumption for the Tuzo slurry samples (excluding outliers) was ranging 
between 2.4 – 60.4 g/t. 

An outlier in the MPV-07-280C and 297C was recorded for the bottom samples which resulted in 
coagulant consumption of 304 g/t and a flocculant consumption of about 200 g/t. The reasons for this 
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elevated reagent consumption can be attributed to relatively high ESP in excess of 15% and pH value 
of 9.6 which is in the colloidally stable pH range. 

The optimised settling rate envelope for Tuzo slurries ranges from 7.2 to 18 m/h, which are relatively 
lower than those achieved for 5034 and Hearne slurry samples (about 10 – 35 m/h). For high rate and 
paste thickeners, when sizing is based on the internal rise rate, a typical rise rate in the order of 6 m/h 
is generally applied. The smaller difference between the optimised settling rate of the Tuzo material 
and the rise rate of the clarified fluid inside the thickener, would not allow for additional thickening 
capacity. 

The slurry generated underflow slurry with moderately high solids concentration slurry ranging from 37 
to 63 percent solids. These underflow slurries were generated under static gravity consolidation 
conditions (unraked).  When a rake was employed, an improvement in the compaction and the 
underflow solids concentration was noticed. 

Table 3: Summarised settling characteristics of Tuzo samples 

Coag. Floc. Settling 
Rate Clarity % Underflow Slurry Sample 

Description pH Conductivity 
(mS/cm) 

g/t g/t m/h NTU Unraked Raked 
Bottom 9.6 1.24 304 199 11.5 1794 37.2 41.3 

Middle 9.0 0.66  10 16.2 735 52.9 53.4 
MPV-07-
280C 

Top 8.8 1.10  9.8 16.3 292 49.5 50.4 

Bottom 9.2 1.87  2.6 16.5 208 52.5 55.9 

Middle 9.1 2.08  2.5 17.9 178 61.4 63.1 
MPV-07-
294C 

Top 8.9 0.93  7.8 18.0 1055 52.4 52.5 

Bottom 9.6 1.40 305 201 7.2 2000 39.8 40.4 

Middle 9.2 1.24  15.1 14.7 976 45.2 46.0 
MPV-07-
297C 

Top 8.8 1.31  2.6 13.4 256 52.9 53.5 

Bottom 8.8 2.62  2.4 17.7 67 56.5 57.0 

Middle 9.4 1.13  2.6 17.3 45 63.3 64.6 
MPV-07-
298C 

Top 9.0 1.09  2.5 16.8 42 59.7 60.6 

Bottom 9.6 1.45  60 15.2 979 43.5 47.1 

Middle 9.5 0.87  60 14.2 794 40.2 41.3 
MPV-07-
299C 

Top 9.0 0.65  10.2 16.0 306 50.8 51.2 

6 GENERAL COMPARISON OF TUZO WITH PREVIOUS DATA 
This section compares the findings of the previous Gahcho Kue ore dressing study with the current 
data. The high level comparison is as follows: 

o Typical process water for the Tuzo ore body exhibited similar conductivity values with that of the 
Hearne and 5034 ore bodies. Conductivity values of Gahcho Kue process water are regarded as 
low at 0.2 mS/cm. 

o Most of the Tuzo ore samples had low ESP values similar to that exhibited by the Hearne and 
5034 ore samples. The outlier was only two Tuzo samples, MPV-07-280C Bottom and MPV-07-
297C Bottom, which had relatively high ESP values in excess of 15 percent. Based purely on the 
interpretation of the ESP, these two samples are expected to generate partial or non-settling 
slurry suspension. 

o Tuzo material showed finer slurry PSD compared to Hearne and 5034. 

o Similar flocculants dosages were recorded for the Tuzo, Hearne and 5034 ore bodies, except for 
the two outlier samples found in Tuzo ore body. 

o Tuzo ore samples had relatively lower settling rates ranging between 7.2 – 18 m/h compared to 
Hearne and 5034 samples with settling rates of 10 – 35 m/h. 
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7 CONCLUSIONS AND RECOMMENDATIONS 
Clay Behavioural Analysis 
Analysis of the dry in-situ ore characterisation with respect to ESP and cation exchange capacity 
indicate that two out of fifteen Tuzo samples had a potential to generate partially to non-settling 
slurry suspensions. 

Static Settling Tests 
The static slimes characterisation result for the fifteen (15) Tuzo samples can be summarised as 
follows: 

o Optimum slurry feed solids concentration is 7.5 percent solids, 

o Optimum flocculant dose range is 2.5 to 60 g/t for most of slurry samples while the outlier 
two samples required coagulant at a rate of 304 g/t and flocculant dose of 200 g/t, 

o Settling rate envelope is 7 to 18 m/h, 

o Achievable underflow solids concentration under static un-raked consolidation range from 
37 to 63 percent. 

Most of the Tuzo ore samples can be treated efficiently on the water reticulation circuit 
designed based on the Hearne and 5034 samples data. 
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APPENDIX A: DETAILED WATER ANALYSIS RESULTS 
 

SAMPLE NUMBER Tuzo ODS Phase II ODS (2004) 
SAMPLE I.D. Tuzo Proc H2O 008 Tuzo Proc H2O 013 Raw Water Hearne Proc Water 5034 Proc Water Supernatant 
pH at 25 degrees C 8.4 9.4 6.7 6.4 7.1 6.7 

Alkalinity as CaCO3 < 2 15     

Alkalinity as CaCO3 67 97 7 50 58 38.3 

Conductivity mS/m at 25 0C 20 21 2 20 20 14.0 

Total Dissolved Solids at 180 0C 156 190 <20 92 98 95.0 

Total Suspended Solids at 105 0C 4755 9231 <10 644 441 542.5 

Fluoride as F 0.49 0.21 <0.04 0.41 0.31 0.4 

Chloride as Cl 2 10 1 26 23 16.7 

Nitrite as NO2 < 0.5 < 0.5 <0.5 <0.5 <0.5 <0.5 

Nitrate as NO3 < 0.5 < 0.5 <0.5 2 <0.5 2.0 

Nitrate as N < 0.5 < 0.5 <0.5 0.50 <0.5 0.5 

Phosphate as PO4 < 0.5 < 0.5 <0.5 <0.5 <0.5 <0.5 

Sulphate as SO4 31 12 1 8 5 4.7 

AA Calcium as Ca 20 < 2 2 11 11 8.0 

AA Sodium as Na 31 47 0.6 13 9 7.5 

AA Potassium as K 4 3 0.7 7 10 5.9 

AA Magnesium as Mg 4 < 2 0.6 5 4 3.2 

Silica as Si   <0.5 4 5 4.5 

Calcium Hardness as CaCO3 49 3 5 27 21 17.7 

Magnesium Hardness as CaCO3 15 7 2 21 48 23.7 

Total Hardness as CaCO3 64 10 7 48 69 41.4 

Cation / Anion Balance - % Diff.   1.1 -9.8 -15.6 -8.1 
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APPENDIX B: CATIONS & CATION EXCHANGE CAPACITY 
Pipe Description Depth Sample # Na K Ca Mg S Value CEC (T Value) ESP 

Bottom LR-070925-001 5.27 0.54 29.34 11.14 46.29 35.29 14.9 
Middle LR-070925-002 0.99 0.51 24.61 10.41 36.52 28.7 3.4 MPV-07-280C 

Top LR-070925-003 0.34 0.38 28.55 12.19 41.46 33.71 1.0 

Bottom LR-070925-004 0.57 0.44 17 2.95 20.97 11.85 4.8 

Middle LR-070925-005 0.08 0.33 9.33 5.29 15.03 3.61 2.2 MPV-07-294C 

Top LR-070925-006 0.56 0.31 21.83 10.63 33.33 27.16 2.1 

Bottom LR-070925-007 5.17 0.54 29.3 13.28 48.25 31.42 16.5 
Middle LR-070925-008 1.78 0.51 28.82 13.02 44.13 36.22 4.9 MPV-07-297C 

Top LR-070925-009 0.37 0.44 27.48 12.31 40.59 31.97 1.2 

Bottom LR-070925-010 0.26 0.26 14.83 7.88 23.22 6.85 3.8 

Middle LR-070925-011 0.34 0.63 12.19 3.85 17.01 4.65 7.3 MPV-07-298C 

Top LR-070925-012 0.28 0.46 16.55 8.1 25.39 15.17 1.8 

Bottom LR-070925-013 3.9 0.47 25.58 10.09 40.04 31 12.6 

Middle LR-070925-014 2.5 0.46 32.49 12.56 48 38.07 6.6 

T
u

z
o

 D
ia

m
o

n
d

 D
ri
ll 

H
o

le
 

MPV-07-299C 

Top LR-070925-015 0.36 0.41 29.85 11.61 42.23 34.23 1.1 

MPV-02-076C 236 GRN 0.42 0.34 8.17 1.18 10.10 3.96 10.6 

MPV-02-079C 47 HK 0.15 0.17 12.32 5.22 17.86 3.19 4.6 

MPV-02-082C 105 HK+B 0.51 0.68 12.78 8.15 22.11 17.88 2.9 

MPV-02-087C 153 TKtB-HKt 0.42 0.21 35.26 14.25 50.13 45.70 0.9 

MPV-02-076C 284 HK2 0.08 0.13 13.63 3.04 16.87 1.67 4.7 

MPV-02-079C 112 HKB 0.43 0.40 16.00 2.29 19.12 7.15 6.0 

MPV-02-082C 189 GRN+K 0.31 0.19 16.00 1.18 17.67 4.31 7.2 

MPV-02-079C 160 HK-GRN 0.40 0.31 14.08 4.39 19.17 10.12 3.9 5
0

3
4

 D
ia

m
o
n
d

 D
ri
ll 

H
o

le
 

MPV-02-082C 243 HK+TKt 2.07 0.17 26.68 5.81 34.72 22.23 9.3 
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Pipe Description Depth Sample # Na K Ca Mg S Value CEC (T Value) ESP 

MPV-02-080C 100 HK-TKNt 0.88 0.26 23.53 11.88 36.55 35.07 2.5 

MPV-02-080C 231 HNHK 0.17 0.08 9.22 10.91 20.38 2.38 7.1 

MPV-02-084C 86 HK 0.12 0.20 13.33 4.35 17.99 3.74 3.2 

MPV-02-085C 60 HK 0.07 0.12 7.65 15.10 22.95 2.67 2.6 

MPV-02-085C 142 HKg 0.12 0.18 10.67 3.56 14.52 1.35 8.9 

Hearne 
Diamon
d Drill 
Hole 

MPV-02-085C 237 TKSD 1.33 0.21 23.89 9.12 34.55 38.40 3.5 
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APPENDIX C: TOTAL MINERAL ANALYSIS 
Pip
e 

Description Depth Serpeti
ne 

Smectit
e 

Talc Calcite Amphibole Kaolite Dolomit
e 

Feldspar Mica Quartz Pyroph
yllite 

Gibbsit
e 

Bottom 2 66 3     8 9 12   

Middle 9 27  2   1 15 11 35   MPV-07-280C 
Top 8 50   2  4 4 16 16   

Bottom 10 19 3     11 32 25   

Middle 9   1    3 82 5   MPV-07-294C 
Top  54 18  3    18 7   

Bottom 1 51 2 1    23 18 4   

Middle 6 38  1   1 8 31 15   MPV-07-297C 
Top 8 42      5 20 25   

Bottom 21 19  7    1 48 4   

Middle 14 1 1 1     77 6   MPV-07-298C 
Top 23 11 9 1   6  36 14   

Bottom 8 45 3     5 30 9   

Middle 8 57 2     14 8 11   

Tu
zo

 D
ia

m
on

d 
D

ril
l H

ol
e 

MPV-07-299C 
Top  40   1 14 3 8 17 17   

MPV-02-076C 236        50 19 31   

MPV-02-079C 47 59   9    9 23    

MPV-02-082C 105 29 15  21     13  12 10 

MPV-02-087C 153  70      13 5 12   

MPV-02-076C 284 77   10     13    

MPV-02-079C 112 38       20 42    

MPV-02-082C 189 5 3  4    29 6 53   

MPV-02-079C 160 19 13  7    34 14 13   50
34

 D
ia

m
on

d 
D

ril
l 

H
ol

e 

MPV-02-082C 243 18 27  24     7 15 9  
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Pipe Description Depth Serpetin
e 

Smectite Talc Calcite 
Amphibol

e 
Kaolit

e 
Dolomite Feldspar Mica Quartz 

Pyrophyl
lite 

Gibbsite 

MPV-02-080C 100 11 58       14  17  

MPV-02-080C 231 79   10     11    

MPV-02-084C 86 66   14    13 7    

MPV-02-085C 60 90   10         

MPV-02-085C 142 46   9    10 35    

H
ea

rn
e 

D
ia

m
on

d 
D

ril
l 

H
ol

e 

MPV-02-085C 237 5 35      9 6 45   
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APPENDIX D: CLAY MINERAL ANALYSIS 
Pipe Description Depth Serpet

ine 
Smectite Talc Feldsp

ar 
Calci

te 
Mica Quartz Sepiolit

e 
Vermic

ulite 
Interstr
atified 

Kaolini
te 

Pyroph
yllite 

Gibbsite 

Bottom 2 97 1           

Middle  98 1   1        

MPV-07-280C 

Top  98 1   1        

Bottom 4 89 2   3 2       

Middle 57 42   1         

MPV-07-294C 

Top 13 81 6           

Bottom 2 97 1           

Middle 1 98 1           

MPV-07-297C 

Top 2 88 1   1 1 7      

Bottom 49 49     2       

Middle 45 37 11   7        

MPV-07-298C 

Top 59 32 9           

Bottom  97 2   1        

Middle 2 96 1           

Tu
zo

 D
ia

m
on

d 
D

ril
l H

ol
e 

MPV-07-299C 

Top  97  1  1 1       

MPV-02-076C 236 13 39  26  5    17    

MPV-02-079C 47 52    10 6 8  24     

MPV-02-082C 105 39 34     7     11 9 

MPV-02-087C 153 6 87    3      4  

MPV-02-076C 284 56    5  6  33     

MPV-02-079C 112 8 14  61       17   

MPV-02-082C 189 9 39  4  5 21   22    

MPV-02-079C 160 22 56  4  7 7   4    50
34

 D
ia

m
on

d 
D

ril
l 

H
ol

e 

MPV-02-082C 243 16 62   9 4      9  
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Pipe Description Depth Serpetine Smectite Talc Feldspa
r 

Calci
te 

Mica Quartz Sepiolit
e 

Vermic
ulite 

Interst
ratifie

d 

Kaolini
te 

Pyroph
yllite 

Gibbsit
e 

MPV-02-080C 100 15 71    2    4  8  

MPV-02-080C 231 69 22     9       

MPV-02-084C 86 53   6     41     

MPV-02-085C 60 87    6    7     

MPV-02-085C 142 48   5  16   31     

H
ea

rn
e 

D
ia

m
on

d 
D

ril
l 

H
ol

e 

MPV-02-085C 237 4 86    4      6  
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APPENDIX E: SETTLING DATA SUMMARY 
Feed Slurry Coag. Floc. Settling 

Rate 
Clarity Unraked 

Underflow Slurry 
Raked Underflow 

Slurry 
Sample Description pH 

t/m3 % 

Conductivity 
(mS/cm) 

g/t g/t m/h NTU Wedge % t/m3 % t/m3 

Bottom 9.6 1.049 7.5 1.24 304 199 11.5 1794 11 37.2 1.302 41.3 1.346 

Middle 9.0 1.050 7.6 0.66  10 16.2 735 22 52.9 1.492 53.4 1.498 

M
P

V
-0

7
-

2
8

0
C

 

Top 8.8 1.049 7.5 1.10  9.8 16.3 292 46 49.5 1.446 50.4 1.457 

Bottom 9.2 1.048 7.4 1.87  2.6 16.5 208 46 52.5 1.486 55.9 1.534 

Middle 9.1 1.051 7.8 2.08  2.5 17.9 178 46 61.4 1.619 63.1 1.647 

M
P

V
-0

7
-

2
9

4
C

 

Top 8.9 1.032 5.0 0.93  7.8 18.0 1055 32 52.4 1.485 52.5 1.486 

Bottom 9.6 1.051 7.8 1.40 305 201 7.2 2000 12 39.8 1.330 40.4 1.336 

Middle 9.2 1.048 7.4 1.24  15.1 14.7 976 20 45.2 1.392 46.0 1.401 

M
P

V
-0

7
-

2
9

7
C

 

Top 8.8 1.049 7.5 1.31  2.6 13.4 256 46 52.9 1.490 53.5 1.500 

Bottom 8.8 1.051 7.8 2.62  2.4 17.7 67 46 56.5 1.543 57.0 1.550 

Middle 9.4 1.048 7.4 1.13  2.6 17.3 45 46 63.3 1.650 64.6 1.672 

M
P

V
-0

7
-

2
9

8
C

 

Top 9.0 1.050 7.6 1.09  2.5 16.8 42 46 59.7 1.591 60.6 1.606 

Bottom 9.6 1.049 7.5 1.45  60 15.2 979 13 43.5 1.371 47.1 1.414 

Middle 9.5 1.048 7.4 0.87  60 14.2 794 22 40.2 1.333 41.3 1.346 

T
u

z
o

 D
ri

ll 
H

o
le

 

M
P

V
-0

7
-

2
9

9
C

 

Top 9.0 1.049 7.4 0.65  10.2 16.0 306 46 50.8 1.463 51.2 1.468 
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Feed Slurry Coag. Floc. Settling 
Rate 

Clarity Unraked 
Underflow Slurry 

Raked Underflow 
Slurry 

Sample Description pH 

t/m3 % 

Conductivity 
(mS/cm) 

g/t g/t m/h NTU Wedge % t/m3 % t/m3 

8.0 1.033 5.1 1.61  4.7 32.5   30.1 1.231   GRN 

8.4 1.066 9.9 1.80  5.9 23.6   42.3 1.357   

8.5 1.033 5.1 2.09  4.7 31.2   30.0 1.230   

M
P

V
-0

2
-

0
7

6
C

 

HK2 

8.8 1.067 10.1 2.14  5.8 23.0   44.4 1.382   

8.5 1.034 5.3 1.78  4.6 31.9   32.2 1.251   HK 

8.7 1.066 9.9 1.92  5.9 21.6   40.7 1.339   

8.3 1.034 5.3 1.18  4.6 31.6   43.0 1.365   HKB 

8.7 1.067 10.1 1.70  8.1 18.6   50.3 1.457   

8.3 1.033 5.1 1.54  4.7 34.0   32.8 1.256   

M
P

V
-0

2
-0

7
9
C

 

HK-GRN

8.7 1.066 9.9 1.88  5.9 22.5   53.0 1.492   
8.1 1.033 5.1 1.29  9.4 20.5   40.2 1.333   HK+B 

8.4 1.066 9.9 1.81  10.6 16.7   54.6 1.515   

8.2 1.034 5.3 2.09  11.4 33.5   39.0 1.320   GRN+K 

8.9 1.066 9.9 2.38  11.8 18.0   51.1 1.467   

8.2 1.033 5.1 1.07  11.8 28.1   40.3 1.335   

M
P

V
-0

2
-0

8
2
C

 

HK+TKt 

8.6 1.066 9.9 1.39  11.8 13.3   59.0 1.580   

8.2 1.034 5.3 1.38  9.2 23.2   30.9 1.238   

5
0
3
4
 D

ia
m

o
n
d

 D
ri
ll 

H
o
le

 

M P
V TKtB-

HKt 8.7 1.066 9.9 2.08  11.8 10.0   52.8 1.490   

8.3 1.035 5.4 1.05  8.9 19.7   30.8 1.237   HK-
TKNt 8.6 1.067 10.1 1.98  10.5 10.4   46.0 1.401   

8.3 1.034 5.3 1.19  6.9 34.6   43.9 1.376   

M
P

V
-0

2
-

0
8

0
C

 

HNHK 

8.7 1.066 9.9 2.08  7.1 19.7   50.7 1.461   

8.2 1.034 5.3 1.16  6.9 32.4   40.2 1.334   

M P
V HK 

8.4 1.066 9.9 1.94  9.4 23.4   52.1 1.481   

8.2 1.034 5.3 1.13  13.7 32.8   46.2 1.403   HK 

8.7 1.066 9.9 1.71  11.8 16.8   59.1 1.582   

8.1 1.033 5.1 1.11  7.1 35.8   30.8 1.237   HKg 

8.6 1.066 9.9 1.68  10.6 24.8   54.7 1.516   

8.2 1.033 5.1 1.65  9.4 22.7   31.1 1.240   H
e

a
rn

e
 D

ia
m

o
n

d
 D

ri
ll 

H
o

le
 

M
P

V
-0

2
-0

8
5
C

 

TKSD 

8.8 1.066 9.9 1.98  11.8 12.2   52.2 1.481   
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) was retained by De Beers Canada Inc. (De Beers) to identify modifications to 

the closure options for the Processed Kimberlite Facility (PKC) and mine rock stockpiles at the Gahcho Kué 

Project that could result in improvements to post-closure water quality.  The scope of work requires close 

integration between several tasks, including soil atmospheric analysis; hydrogeological modelling; geochemical 

characterization, and iterative updates of the water quality model for the Project. 

Saturated-unsaturated soil properties of potential cover materials are key inputs required for soil-atmospheric 

analysis and hydrogeological modeling. The current cover scenario assumes a 2m thick cover comprising of 1m 

thick coarse PK layer overlain by 1m of waste rock. The geotechnical and hydraulic properties of these 

materials, and the underlying fine PK are of great importance in carrying out the soil atmospheric analysis and 

hydrogeological modeling.  

Geotechnical/hydrogeological testing was completed on the samples of the fine and coarse PK to estimate the 

relevant parameters to be used in the modeling exercise. Waste rock samples were not available for testing. The 

testing program consisted of the following tests: 

 grain size analyses; 

 specific gravity; 

 standard Proctor compaction;  

 soil-water characteristic curve (SWCC); and 

 saturated hydraulic conductivity.  
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In addition to the hydrogeological parameters, coupled soil atmospheric analysis also requires thermal properties 

of the cover materials. Thermal conductivity and volumetric heat capacity of the fine and coarse PK were also 

measured in the lab. The following sections provide a summary of the testing results. Detailed results of the tests 

are presented in Appendix A. 

2.0 LABORATORY TESTING 

The following section outlines the testing that was undertaken to characterize the geotechnical, hydraulic, and 

thermal properties of the fine and coarse PK materials. 

2.1 Grain Size Distribution 

Representative samples of the fine and coarse PK were not available owing to the limited material availability 

from the pilot plant run by De Beers. Target grain size distributions were provided and are shown in Figure 1 as 

target fine and coarse PK. 

A crushing, sorting and mixing effort was initiated at the Golder unsaturated soils laboratory in Saskatoon, to 

produce fine and coarse PK materials with grain size distributions as close as possible to the target grain size 

distributions. Grain size tests were conducted on all the PK material provided to Golder. Following the 

measurement of grain size distributions, the material was sorted out in various sizes. The sorting effort revealed 

that there were various size fractions missing that were necessary to generate a material close to the target 

grain size distributions. 

Crushing was initiated to generate the various size fractions necessary. Various sizes were mixed in estimated 

proportions to generate grain size distributions that will be representative of the target grain size distributions.  

The generated grain size distributions are also shown in Figure 1. 

 A closer look at Figure 1 indicates that for the coarse PK, the target and generated grain size distributions are in 

close proximity to each other. Some of the variation between the target and generated sizes is due to the sample 

variance.  

For the fine PK there is some discrepancy between the generated and target grain size distribution, especially at 

the smaller grain sizes. A part of this discrepancy is due to the sample variance.  The discrepancy at the finer 

grain sizes can be explained as follows. The target grain size distribution was estimated by simple averaging of 

discrete grain size measurements from two different tailings streams. A hydrometer analysis would have 

provided a more representative distribution of grain sizes, especially for the finer sizes. Figure 1 also shows the 

sieve sizes for the #200 and #400 sieves. An observation can be made when these sieve sizes are compared to 

the target and generated material. The target and generated materials are in close proximity to each other for the 

sieve sizes up to the #400 sieve. As the #400 sieve is the finest sieve available, it is difficult to control the grain 

sizes below this size. 

2.2 Specific Gravity 

Specific gravity tests were conducted on the fine and coarse PK samples based on the procedures provided in 

ASTM designation D854.  Specific gravity test results were used to determine void ratio and porosity used in the 

SWCC tests.  The specific gravity of the fine and coarse PK were measured to be 2.71 and 2.79, respectively. 

The measured specific gravity values are similar to those reported in JDS (2010). 
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2.3 Standard Proctor Compaction Tests 

Standard Proctor compaction tests were conducted on the fine and coarse PK samples based on the procedures 

provided in ASTM designation D698 Method A. The intent of this testing was to obtain values of maximum dry 

density and optimum water content, for use in sample preparation for hydraulic conductivity and SWCC 

measurements.  The results of these tests are shown in Figure 2 and Figure 3.  For the fine PK material, the 

maximum dry density was 1,763 kg/m
3
 with an optimum moisture content of 18.5%.  For the coarse PK material, 

the maximum dry density was 1,950 kg/m
3
 with an optimum moisture content of 14.0%.  

2.4 Saturated Hydraulic Conductivity Measurements 

For the coarse PK sample, the Proctor test yielded a maximum dry density of 1,950 kg/m
3
 (1.95 t/m

3
) with an 

optimum water content of 14%. In the Gahcho Kué Project Feasibility Study Report (JDS, 2010) , it is stated that 

the dry density of coarse PK placed above water and compacted will be 2,000 kg/m
3
 (2.0 t/m

3
), and the 

dewatered coarse PK moisture content to be around 18%. The values are similar to the values measured in the 

Proctor test. It is mentioned in JDS (2010) that compaction in the deposition area will be limited to routing of 

hauling and spreading equipment. Therefore, it was decided to proceed with 95% of the maximum dry density 

value of 1,950 kg/m
3
 (1.95 t/m

3
) for the saturated hydraulic conductivity measurement. This value of density 

could possibly be achieved for the deposition area as compaction limited to routing of hauling and spreading 

equipment. The saturated hydraulic conductivity measurement was carried out in a fixed wall permeameter 

employing the constant head method. The hydraulic conductivity was measured to be 1.1E-05 m/sec and the 

test results are shown in Figure 4.    

The Proctor test for the fine PK yielded a maximum dry density of 1,763 kg/m
3
 (1.763 t/m

3
) with an optimum 

moisture content of 18.5%.  According to JDS (2010), the dry density of the settled fine PK (no excess ice) is 

reported as a calculated value of 1,000 kg/m
3
 (1.0 t/m

3
). This value is substantially less than values of densities 

measured from the Proctor test in the laboratory.  

A decision was made to slurry out a sample of fine PK in to a cell and then to consolidate it with a relatively low 

stress of 30 kPa. The initial dry density of the slurried sample was 1,180 kg/m
3
 with an initial water content of 

47.5%. The sample was then consolidated at 30 kPa stress prior to the hydraulic conductivity testing.  The 

density and water content of the consolidated sample, after testing were 1,396 kg/m
3
 and 35.2%, respectively.  

The hydraulic conductivity was measured using the fixed wall permeameter employing the falling head method.  

The hydraulic conductivity was measured to be 1.4E-09 m/sec and the test results are shown in Figure 5. The 

test was repeated by preparing another sample using the same procedure as described above. The test results 

are also shown in Figure 5 and the results from the two tests correlate well. 

2.5 Soil-water Characteristic Curves 

A SWCC test measures the relationship between the amount of water in the pores of the soil and the negative 

pore water pressure (or soil suction).  This test is necessary in this analysis to assess the water retention and 

storage capacity of the soil samples.  SWCC’s were measured using a combined Tempe cell and desiccators 

with saturated salt solutions, following the selected procedures provided in ASTM designation D6836.  A cross-

section of a Tempe cell is shown in Figure 6. 

For low suctions (up to about 10 kPa), a hanging water column was used with the Tempe cells.  For suctions 

from 10 kPa to 400 kPa, the axis translation method was used, with the Tempe cell pressurized with air.  For 

suctions from 4,100 kPa to 300,000 kPa, controlled relative humidity cells were prepared using various salt 
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solutions.  The relative humidity environment can be converted to an equivalent suction value through the use of 

the Lord Kelvin equation. 

Soil-water characteristic curves were measured for the fine and coarse PK according to the procedure described 

above. Samples were packed to similar densities according to the procedure as described above for the 

saturated hydraulic conductivity testing.  The measured SWCCs for fine and coarse PK are shown in Figure 7 

and Figure 8. The Fredlund and Xing (1994) fit to the measured data is also shown in these figures.  

2.6 Thermal Properties 

Thermal conductivity and specific heat capacity were measured for the fine and coarse PK materials using a 

KD2 Pro Thermal Properties Analyzer manufactured by Decagon Devices, Inc. The device uses a probe that 

measures the thermal conductivity according to the procedure ASTM designation D5334 – 08.  

Thermal conductivity characterizes the ability of a soil medium to transmit heat by conduction, and is defined as 

the quantity of heat that will flow through a unit area of a soil medium of unit thickness in unit time under a unit 

temperature gradient.  The thermal conductivity of a soil medium is a function of material type, saturation, and 

density. 

Thermal conductivity measurements were initially made on samples during the Proctor testing and results are 

shown in Figure 9. The measured thermal conductivity values are plotted as a function of water content with dry 

density for each sample and also reported on the figure. It should be noted that the results presented in Figure 9 

correlate well with the expected effects of material type, density and water content.  

Additional measurements of thermal conductivity were made on the fine and coarse samples with densities 

representative of their state in PK facility. The sample preparation procedure was consistent with the sample 

procedure adopted for hydraulic conductivity and SWCC measurements. These measurements were made on 

completely dry and fully saturated samples. The results of these measurements are shown in Table 1.  

Table 1: Thermal Conductivity for Coarse and Fine PK in dry and saturated conditions 

 
Coarse PK, saturated Fine PK, saturated 

 Thermal Conductivity 
W m

-1
 K

-1
 

Temperature 
o
C 

Thermal Conductivity 
W m

-1
 K

-1
 

Temperature 
o
C 

1) 1.136 20.51 1.198 19.12 

2) 1.261 20.41 1.252 19.08 

3) 1.216 20.50 1.243 19.01 

 
Coarse PK, dry Fine PK, dry 

1) 0.374 24.49 0.331 24.42 

2) 0.371 24.23 0.326 24.34 

3) 0.376 24.82 0.431 23.71 

 

The heat capacity of a material is defined as the quantity of heat required to raise the temperature of the material 

by a unit degree. Expressed on a unit weight basis, it is referred as specific heat capacity and on volume basis 

as volumetric heat capacity.  

Heat capacity of a soil medium is dependent on the heat capacities of its different constituents, namely, soil 

particles, water, ice (if present), and air. The volumetric heat capacity of the fine and coarse PK were measured 
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using the dual needle probe of KD2 Pro. Measurements were made on the fine and coarse samples with 

densities representative of their state in PK facility. The results of the measurements are shown in Table 2.  

 

Table 2: Volumetric Specific Heat capacities of Fine and Coarse PK at dry and saturated conditions 

 Coarse PK, saturated Fine PK, saturated 

 Volumetric Specific Heat 
MJ m

-3
 K

-1
 

Temperature 
o
C 

Volumetric Specific Heat 
MJ m

-3
 K

-1
 

Temperature 
o
C 

1) 2.387 20.51 2.730 19.12 

2) 2.542 20.41 3.085 19.08 

3) 2.758 20.50 2.997 19.01 

 
Coarse PK, dry Fine PK, dry 

1) N/A 24.49 2.036 24.42 

2) 1.786 24.23 2.103 24.34 

3) 1.282 24.82 2.045 23.71 

 

3.0 CLOSURE 

We trust that this memo meets your requirements at the present time. Please contact the undersigned if you 

have any questions regarding this report. 

 

 

Rashid Bashir, Ph.D., P. Eng.  Jeff Stone, P. Eng. 
Senior Geotechnical Engineer Geotechnical Engineer 

 

 

Greg Misfeldt, M.Sc., P. Eng. 
Principal, Senior Geotechnical Engineer 
 
RB/GAM/pls 
 
 
n:\active\2011\1365\11-1365-0001 gahcho kue eis post-submission\integrated evaluation of post-closure alternatives\material characterization\report\11-1365-0001 gahcho kue eis post-

submission  geotechnical testing _reviewed (5june12).docx 
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Figure 1: Grain size distribution curves. 
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Figure 2: Standard Proctor Curve for the Fine PK. 
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Figure 3: Standard Proctor Curve for the  Coarse PK. 
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Figure 4: Saturated Hydraulic Conductivity for the Coarse PK 
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Figure 5: Saturated Hydraulic Conductivity for the Fine PK 
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Figure 6: Cross-section of a Tempe Cell 
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Figure 7: SWCC for the Fine PK material 
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Figure 8: SWCC for the Coarse PK material 
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Figure 9: Thermal Conductivity Measurements for the Fine and Coarse PK 
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Project #: Phase:
Short Title:
Tested by: R.S. Date:
Sample#: Fine PK
Source:
Visual Description of Sample:
Date Sample Received:
Compaction Test Results: Test Summary:

water dry Method used: A
content density Material used passing: 4.75 mm sieve

(%) (kg/m3) Preparation method: dry
15.9 1714 Rammer type: manual
18.0 1756
20.1 1718 Oversize Correction Data (if applicable):
22.2 1647 Oversize fraction: N/A

Bulk Specific Gravity N/A
Water content N/A

Maximum dry density: 1763 kg/m 3 100% Saturation Curve Data:
Corrected for oversize material: N/A kg/m 3 Specific Gravity: 2.71 value: calculated

Comments:
Optimum water content: 18.5 %
Corrected for oversize material: N/A %

STANDARD PROCTOR - ASTM D698

11-1365-0001

July 5, 2011

2030 / 20
DeBeers / Post EIS Submission / GK

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes a 
testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.

Water content of sample as received in lab:
Graphical Analysis
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 1721 8th Street E.,
Saskatoon, Saskatchewan, S7H 0T4 Reviewed by:__________



Project #: Phase:
Short Title:
Tested by: R.S. Date:
Sample#: Coarse PK
Source:
Visual Description of Sample:
Date Sample Received:
Compaction Test Results: Test Summary:

water dry Method used: C
content density Material used passing: 19.0 mm sieve

(%) (kg/m3) Preparation method: dry
10.3 1834 Rammer type: manual
13.0 1930
15.2 1922 Oversize Correction Data (if applicable):
16.6 1853 Oversize fraction: N/A

Bulk Specific Gravity N/A
Water content N/A

Maximum dry density: 1950 kg/m 3 100% Saturation Curve Data:
Corrected for oversize material: N/A kg/m 3 Specific Gravity: 2.79 value: calculated

Comments:
Optimum water content: 14.0 %
Corrected for oversize material: N/A %

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes a 
testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.

Water content of sample as received in lab:
Graphical Analysis

STANDARD PROCTOR - ASTM D698

11-1365-0001

June 21, 2011

2030 / 20
DeBeers / Post EIS Submission / GK
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Project #: Phase:
Short Title: DeBeers / Post EIS Submission / GK
Tested By: Date:
Sample:

Hydraulic Conductivity: Comments:

Test Summary:
Initial Dry Density: kg/m3

Initial Water Content: %

Final Dry Density: kg/m3

Sample Diameter: mm
Sample Height: mm

Material used passing: mm sieve
Permeant Liquid:

CONSTANT HEAD FIXED WALL HYDRAULIC CONDUCTIVITY TEST

11-1365-0001 2030 / 20

D.B. August 25, 2011
Coarse PK

k = 1.1E-05 m/s

1838
13.9

1838

101.5
119.6

tap water

Graph of Hydraulic Conductivity versus Time

9.5

1.0E-03

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes 
a testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.
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Project #: Phase:
Short Title:
Tested By: Date:
Sample:

Final Hydraulic Conductivity: Comments:

Test Summary:
Initial Water Content: %
Initial Dry Density: kg/m3

Final Water Content: %
Final Dry Density: kg/m3

Sample Diameter: mm
Final Sample Height: mm

Fine PK

FIXED WALL FALLING HEAD HYDRAULIC CONDUCTIVITY TEST

11-1365-0001
Debeers / Post EIS Submission / GK

2030 / 20

D.B. September 7, 2011

1180
35.2

k = 1.4E-09 m/s

47.5

Specimen consolidated at 30 kPa stress prior to testing.  Initial 
water content and dry density are prior to loading.

Graph of Hydraulic Conductivity versus Time

1396

114.34
87.27

1.0E-06

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes a 
testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.
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Project #: Phase:
Short Title:
Tested By: Date:
Sample:

Final Hydraulic Conductivity: Comments:

Test Summary:
Initial Water Content: %
Initial Dry Density: kg/m3

Final Water Content: %
Final Dry Density: kg/m3

Sample Diameter: mm
Final Sample Height: mm

Graph of Hydraulic Conductivity versus Time

1427

114.24
57.56

1249
33.5

k = 7.0E-10 m/s

43.2

Specimen consolidated at 30 kPa stress prior to testing.  Initial 
water content and dry density are prior to loading.

Fine PK

FIXED WALL FALLING HEAD HYDRAULIC CONDUCTIVITY TEST

11-1365-0001
Debeers / Post EIS Submission / GK

2030 / 20

D.B. October 13, 2011

1.0E-06

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes a 
testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.
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Project #: 11-1365-0001 Phase: 2030 / 20
Short Title: DeBeers / Post EIS Submission / GK
Tested By: D.B./C.H.Z. Date: September 11, 2011
Sample: Fine PK

Test Results: Sample Data:
Suction Diameter: 63.57 mm (initial)
(kPa) Gravimetric Volumetric Height: 32.23 mm (initial)
1.0 34.3 48.2 Initial Water Content: 34.7 % (gravimetric)

2.0 34.3 48.1 Dry Density: 1387 kg/m3 (initial)
4.0 32.9 47.1 Material used passing: 4.75 mm sieve
8.0 32.9 47.1 Comments:
16 32.9 47.1
32 31.7 46.2
64 29.1 44.0
120 26.8 42.0
200 24.9 40.3
400 21.4 36.1

38200 5.6 9.5
84350 6.2 10.5
150300 4.5 7.6
295000 2.3 4.0

SOIL-WATER CHARACTERISTIC CURVE

Water Content (%)

SWCC specimen taken from material slurried, then consolidated at
30 kPa stress.
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testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.
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Project #: 11-1365-0001 Phase: 2030 / 20
Short Title: DeBeers / Post Eis Submission / GK
Tested By: D.B. Date: September 23, 2011
Sample: Coarse PK

Test Results: Sample Data:
Suction Diameter: 322.75 mm (initial)
(kPa) Gravimetric Volumetric Height: 38.62 mm (initial)
0.5 18.0 32.3 Initial Water Content: 17.4 % (gravimetric)

1 17.4 31.2 Dry Density: 1789 kg/m3 (initial)
2 16.6 29.8 Material used passing: 4.75 mm sieve
4 13.7 24.5 Comments:
8 10.8 19.3
16 9.5 16.9
32 8.8 15.7
64 8.2 14.7
100 7.5 13.4
4100 5.2 9.2
38200 1.8 3.2
84350 1.9 3.3
295000 0.6 1.0
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testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.
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Project #: 11-1365-0001 Phase: 2030 / 20
Short Title: Debeers / Post EIS Submission / GK
Tested By: DB Date: October 13, 2011
Measurements were made using a KD2 Pro Thermal Properties Analyzer (Decagon Devices)

Sample: Fine PK, saturated

Thermal 
Conductivity

Volumetric 
Specific Heat Temperature

W m-1 K-1 MJ m-3 K-1 oC
1) 1.198 2.730 19.12
2) 1.252 3.085 19.08
3) 1.243 2.997 19.01

Measurements made on material initially slurried, then consolidated at 30 kPa stress in consolidation apparatus

Sample: Fine PK, dry

Thermal 
Conductivity

Volumetric 
Specific Heat Temperature

W m-1 K-1 MJ m-3 K-1 oC
1) 0.331 2.036 24.42
2) 0.326 2.103 24.34
3) 0.431 2.045 23.71

THERMAL CONDUCTIVITY / SPECIFIC HEAT TEST

Comments:

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes 
a testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.

Measurements made on specimen from above, after drying at 110oC and allowing to cool

 1721 8th Street E.,
Saskatoon, Saskatchewan, S7H 0T4 Reviewed by:       ___



Project #: 11-1365-0001 Phase: 2030 / 20
Short Title: Debeers / Post EIS Submission / GK
Tested By: DB Date: October 13, 2011
Measurements were made using a KD2 Pro Thermal Properties Analyzer (Decagon Devices)

Sample: Coarse PK, saturated

Thermal 
Conductivity

Volumetric 
Specific Heat Temperature

W m-1 K-1 MJ m-3 K-1 oC
1) 1.136 2.387 20.51
2) 1.261 2.542 20.41
3) 1.216 2.758 20.50

Sample: Coarse PK, dry

Thermal 
Conductivity

Volumetric 
Specific Heat Temperature

W m-1 K-1 MJ m-3 K-1 oC
1) 0.374 N/A 24.49
2) 0.371 1.786 24.23

THERMAL CONDUCTIVITY / SPECIFIC HEAT TEST

Measurements made on material initially compacted in Proctor mould at water content = 14.6% and dry
density = 1853 kg/m3, then saturated

3) 0.376 1.282 24.82

Comments:

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes 
a testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.

Measurements made on specimen from above, after drying at 110oC and allowing to cool

 1721 8th Street E.,
Saskatoon, Saskatchewan, S7H 0T4 Reviewed by:       ___



Project #: 11-1365-0001 Phase: 2030 / 20
Short Title: Debeers / Post EIS Submission / GK
Tested By: DB Date: July 5, 2011
Measurements were made using a KD2 Pro Thermal Properties Analyzer (Decagon Devices)

Sample: Fine PK

Thermal 
Conductivity Temperature

Water 
Content Dry Density

W m-1 K-1 oC % kg/m3

1) 1.218 21.48 15.9 1714
2) 1.384 21.54 18.0 1756
3) 1.307 21.58 20.1 1718
4) 1.326 21.36 22.2 1647

Comments:

THERMAL CONDUCTIVITY TEST

Measurements conducted on compacted specimens from standard Proctor compaction test

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes a 
testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.

 1721 8th Street E.,
Saskatoon, Saskatchewan, S7H 0T4 Reviewed by:       ___



Project #: 11-1365-0001 Phase: 2030 / 20
Short Title: Debeers / Post EIS Submission / GK
Tested By: DB Date: June 21, 2011
Measurements were made using a KD2 Pro Thermal Properties Analyzer (Decagon Devices)

Sample: Coarse PK

Thermal 
Conductivity Temperature

Water 
Content Dry Density

W m-1 K-1 oC % kg/m3

1) 0.280 23.21 5.5 1656
2) 0.606 22.84 7.2 1756
3) 1.059 22.09 7.6 1808
4) 1.236 21.56 10.3 1834
5) 1.346 21.26 11.4 1901
6) 1.434 21.03 13.0 1930
7) 1.313 20.89 15.2 1922
8) 1.359 20.89 16.6 1853

Comments:

THERMAL CONDUCTIVITY TEST

Measurements conducted on compacted specimens from standard Proctor compaction test (not all points shown in 
Proctor test results)

The testing services reported herein have been performed in accordance with the indicated recognized standard, or in accordance with local industry practice. This report is for the sole use of the designated client. This report constitutes a 
testing service only and does not represent any results interpretation or opinion regarding specification compliance or material suitability. Engineering interpretation can be provided by Golder Associates Ltd. upon request.

 1721 8th Street E.,
Saskatoon, Saskatchewan, S7H 0T4 Reviewed by:       ___
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