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1.0 INTRODUCTION 
 

Wolf Minerals (UK) Ltd (Wolf) has retained SLR Consulting Limited (SLR) to prepare a 
Waste Management Plan in support of an Environmental Permit (EP) application. The 
application is for a Mining Waste Facility (MWF) at the Hemerdon Mine, Devon. The mine is 
comprised of an open pit, processing facility, MWF and associated infrastructure; this 
application relates solely to the MWF. 

 

The Hemerdon site is located within an area characterised by historic and current quarrying 
and mining operations. The city centre of Plymouth is located approximately 10km to the 
south west, with the suburban town of Plympton approximately 3km to the south west, as 
shown on Figure 1 below. There are a number of scattered farms and residential properties 
within 2km of the proposed site boundary in all directions, with the small villages of 
Yondertown, Sparkwell and Hemerdon to the southeast and south, respectively. 

 

Figure 1-1 MWF and Site Location 
 

The MWF lies on Crownhill Down, covering an area of approximately 175 hectares 
extending to the lower slopes of the Tory Brook valley. Waste from the open pit will be used 
to progressively construct the MWF embankments with tailings (generated from the 
processing plant) continuously deposited and contained within the MWF. The final stage of 
the MWF’s development is show in Figure 1-2 below. 
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Figure 1-2 MWF Graphic 
 

The site benefits from conditional Planning Permission, granted by Devon County Council 
(the Mineral Planning Authority) in 1986. A Modification Order was approved (January 2011) 
updating the planning conditions in line with legislative changes since 1986. 

 

The wastes generated at the site are defined as extractive waste, which fall under the scope 
of the Mining Waste Directive (MWD), and an Environmental Permit (EP) is therefore 
required. 

 

1.1 Background 
 

In September 2011, SLR issued a report referenced 403.01939.00002, Hemerdon Tungsten 
Project – Mining Waste and Tailings Waste Classification Report. The analysis in this report 
was undertaken using the data available at the time. Since then additional laboratory testing 
has been made available to SLR and this report includes updated text and analyses to 
reflect these results. 

 

The Hemerdon Tungsten Project comprises an open mine, tailings facility and processing 
area. Mineral rich deposits will be treated by a process of crushing, screening, gravity 
separation, froth flotation and magnetic separation to provide a tungsten and tin concentrate. 
Wastes from this process (tailings) will be thickened and deposited in a tailings lagoon. 

 

Non-mineral rich materials derived through mining activities will be used on site for 
construction purposes – specifically they will form the outer walls of the tailings facility. 

 

The above process is summarised in Figure 1-3 below. 
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Figure 1-3 
Process Flow Schematic – Hemerdon Mine 

 
 
 

 

 

From the above there are two principal waste streams as below: 
 

• Solid waste – wastes from mineral metalliferous excavation e.g. overburden; 
 

• Slurry waste – tailings. 
 

The purpose of this report is to provide a classification of the above materials as either 
hazardous or non-hazardous waste. As discussed throughout this report, the solid waste is 
considered to be non-hazardous. The slurry waste requires more detailed determination due 
to the physical changes that take place with the material and additives that are used within 
the process. 

 

1.2 Requirement for Waste Characterisation 
 

Under Article 5 of the Mining Waste Directive (MWD) (Directive 2006/21/EC – as amended) 
Wolf are required to produce a Waste Management Plan (WMP) for the Hemerdon site. The 
WMP’s main purpose is to demonstrate that mining activities will meet the requirements of 
the MWD. One of the specific requirements of the MWD is that operators must classify their 
facility as Category A or provide justification that it is not. 

 

A waste facility is deemed Category A if1: 
 

• a failure or incorrect operation, e.g. the collapse of a heap or the bursting of a dam, 
could give rise to a major accident, on the basis of a risk assessment taking into 
account factors such as the present or future size, the location and the environmental 
impact of the waste facility; or 

 

• it contains waste classified as hazardous under Directive 91/689/EEC above a 
certain threshold; or 

 
 

 

1 
Environment Agency. EPR 6.14 How to comply with your environmental permit – additional guidance for mining waste 

operations 
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• it contains substances or preparations classified as dangerous under Directives 
67/548/EEC or 1999/45/EC above a certain threshold. 

 

Commission Decision 2009/337/EC further comments: 
 

A waste facility shall be classified under Category A in accordance with the first indent of 
Annex III of Directive 2006/21/EC if the predicted consequences in the short or the long term 
of a failure due to loss of structural integrity, or due to incorrect operation of a waste facility 
could lead to: 

 

(a) non-negligible potential for loss of life; 
 

(b) serious danger to human health; 
 

(c) serious danger to the environment. 
 

The purpose of this report is to determine whether the waste streams arising from Hemerdon 
are hazardous or non-hazardous and therefore whether the facility can be characterised 
(assuming all other criteria are met) as not Category A. 
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2.0 QUALITATIVE WASTE CLASSIFICATION 
 

2.1 Existing Information 
 

Based on existing information about the waste we would consider both the tailings and solid 
waste arising will not constitute hazardous waste. All of the material in question is naturally 
occurring and any elements (that might in other circumstances be deemed as 
“contamination”) are in a naturally occurring form. There are no chemicals added during the 
extraction process. Chemicals are only added during the treatment process and these 
chemicals could therefore be present in the tailings. This is discussed later in this report. 

 

Information reviewed for the material includes the following: 
 

• Metallurgical test work and process design, AMAX 1979; 
 

• Planning public enquiry documentation submitted by David Taylor of ICI laboratories 
in 1982; 

 

• Outline monitoring programme for Hemerdon Mine, EAG 1992; 
 

• Waste and tailings geochemistry report, Coffey 2010; 
 

• SPLP test work completed for SGS by Coffey, 2011. 
 

• January 2013 laboratory testing supplied by AMEC, primarily Samples 0141A DMS 
rejects and 0142A Composite tails. 

 

From the above and other sources of information we would state that there is a good 
argument that the material can be considered non-hazardous waste without undertaking a 
formal Hazard Assessment. The following sections summarise levels of evidence in support 
of the statement that the material is non-hazardous waste. 

 

2.2 EWC Code 
 

The non-mineral rich waste products are classified as wastes from mineral metalliferous 
excavation or European Waste Catalogue (EWC) code 01 01 01. Within the EWC, wastes 
that are hazardous are either: 

 

• Absolute entries – hazardous waste regardless of any threshold concentrations (for 
example acid-generating tailings would be regarded as hazardous waste without 
testing); 

 

• Mirror entries – hazardous waste only if dangerous substances are present above 
threshold concentrations (for example waste soil could be hazardous or non- 
hazardous waste depending on the concentration of contaminants present). 

 

In terms of the waste types and waste codes relevant to extractive wastes Figure 2 below is 
taken from EPR 6.14. 



Wolf Minerals (UK) Ltd 

Hemerdon Mine Waste Classification Report 
6 SLR Ref.: 412.01939.00004 

May 2013 

SLR 

 

 

 

Figure 2-1 
List of Waste Codes for Extractive Wastes 

 
 

 
From the above, the potentially hazardous wastes are followed by an asterisk. Entries in red 
are absolute and therefore hazardous without testing. Entries in blue are mirror wastes and 
could be hazardous depending on contaminant concentrations. The key points in relation to 
the Hemerdon tungsten project are summarised below. 
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2.2.1 Solid waste – wastes from mineral metalliferous excavation 
 

In the case of the non-mineral rich mineral metalliferous excavation wastes (the material that 
will be excavated and re-used for tailings embankment construction at Hemerdon) the 
material is non-hazardous waste. 

 

2.2.2 Slurry waste – tailings 
 

In terms of the tailings waste there are three relevant categories in the EWC as follows: 

01 03 04 – acid-generating tailings from processing of sulphide ore (absolute entry); 

01 03 05 – other tailing containing dangerous substances (mirror entry – hazardous 
depending on concentration of dangerous substances); 

 

01 03 06 – tailings other than those above (non-hazardous). 
 

For tailings at Hemerdon we know from previous work undertaken that the material in 
question is not acid forming. The 2011 Coffey report states that the Killas waste rock and 
granite have sulphide/sulphur content of 0.02% and 0.01% respectively. Additionally, the 
January 2013 laboratory test results presented by AMEC indicate the tailings Total Sulphur 
values ranging between <0.01% (Composite tailings) and 0.08% (DMS rejects). 

 

On the basis that the tailings will be derived from non-hazardous rock it is logical to assume 
that the most appropriate waste code for the material is 01 03 06 and that the tailings are 
non-hazardous. Although we are confident that this will be the case consideration should be 
given to the fact that various chemicals will be added to the process and that the material will 
change physical form during processing. 

 

In summary of the above, the solid waste stream (metalliferous excavation wastes that will 
be used in construction on site) is considered non-hazardous waste. The slurry waste 
stream (tailings) is considered highly likely to constitute non-hazardous waste, but should be 
treated as a mirror waste due to additives. 

 

2.3 Geochemistry and Leaching Potential 
 

As part of the study of the feasibility of mineral extraction for the site a Geochemical 
Abundance Index (GAI) was calculated. A GAI above 3 indicates mineral enrichment to a 
point where further investigation (into mineral availability for mining) is warranted. From 
Coffey’s studies the only elements with a GAI greater than 3 (in both the Killas Clay and 
granite) were as follows: 

 

• Ag – silver; 

• As –arsenic; 

• B – boron; 

• Bi – bismuth; 

• Sn – tin; 

• Ti – titanium; 

• Hg – mercury; 

• Sb – antinomy. 
 

It follows from the above that these are the only elements with potential to give rise to 
unacceptable leaching to groundwater once placed on site as a waste. Recent laboratory 
results received from AMEC undertaken on the potential waste rock also indicate however 
that in addition to the above Copper, Fluoride and antimony also may present leaching risks. 
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The reports produced by Coffey and the recent 2013 laboratory test results generally show 
that the above elements are soluble only in acid and since the material is not acid-forming 
substantial leaching processes should not occur. The pH Dependant Leachate results 
undertaken by Chemtest, Report number A26086 dated February 2013 generally support 
this point of view. However, several elements, including Bismuth showed that they require a 
higher pH to become soluble. 

 

2.4 Summary 
 

SLR’s view is that sufficient qualitative evidence probably exists such that the material 
should be viewed as at least non-hazardous waste. This evidence includes the following: 

 

• Metalliferous excavation wastes (EWC 01 01 01) are classified as non-hazardous 
waste; 

• Tailings derived from the above are also likely to be non-hazardous – although we 
accept that some form of physical change will occur and that certain process 
additives will be present that require further comment; 

• The material is non-acid forming; 

• pH conditions will be monitored on site to ensure that neither strongly acidic or 
alkaline conditions occur. 

 

On the basis of the above the solid waste stream is considered non-hazardous without 
further assessment. The tailings waste should be considered a mirror waste and a Hazard 
Assessment undertaken. This further level of assessment is presented in Section 3. 
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3.0 QUANTITATIVE WASTE CLASSIFICATION 
 

3.1 Introduction 
 

Notwithstanding our comments in Section 2 above that the tailings wastes are themselves 
derived from non-hazardous waste, and therefore highly likely to be non-hazardous 
themselves, a quantitative waste classification has been undertaken on this material. This is 
presented here for completeness, since the data already exists and to provide some 
sensitivity analysis to reduce uncertainty. 

 

3.2 Waste Classification Methodology 
 

A Hazard Assessment has been undertaken using data from several previous site 
investigations. In particular the assessment includes a list of contaminants of concern in 
EPR 6.14 as follows: 

 

• Arsenic; 

• Cadmium; 

• Cobalt; 

• Chromium; 

• Copper; 

• Mercury; 

• Molybdenum; 

• Nickel; 

• Lead; 

• Vanadium; 

• Zinc. 
 

With respect to the tailings on which the Hazard Assessment will be undertaken we note that 
several additives are used in the process and that could in theory render the material 
hazardous waste. These have also been included in the Hazard Assessment for the tailings 
and are as follows: 

 

• Methyl Isobutyl carbinol; 

• Copper Sulphate; 

• Sodium Ethyl Xanthate. 
 

3.3 Hazard Assessment 
 

In order to facilitate the hazard assessment, proprietary software HazWasteOnlineTM has 
been used to define a suitable site specific waste stream using the European Waste 
Catalogue chapters and substances from Table 3.2 of Annex VI of regulation 1272/2008 on 
the classification, labelling and packaging of substances and mixtures (CLP). 

 

As part of the initial assessment a site specific waste stream was developed using ‘best fit’ 
compounds pertinent to the site geochemistry as detailed in the reports listed in Section 2.1. 

 

For example where available elemental oxides have been selected as the appropriate 
substances e.g. Boron Oxide, Copper Oxide etc. as generally outlined in the AMAX 
Hemerdon Mine Outline Monitoring Programme Report – May 1992. 

 

Where compounds referenced within Table 3.2 of Annex VI are not available, suitable 
alternatives have been used using geological judgement e.g. sulphides, chromates etc. 
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An initial run was conducted to determine if any of the compounds contained in the waste 
would lead to a hazardous waste rating. These compounds along with the hazard 
classification were noted and the software was re-run with the potentially hazardous 
compounds ignored to ensure that the remaining compounds in the waste could be 
considered to be non-hazardous. The results are included in Appendices attached to this 
report. 

 

3.3.1 Non-mineral bearing material (Killas Clay/Slate) 
 

The Killas Clay and Slate are to be removed during the mining works to access the mineral 
rich granite and will subsequently be used for engineering purposes on the site e.g. tailings 
containment facility construction. 

 

Accordingly this material is classified as wastes from mineral metalliferous excavation or 
European Waste Catalogue (EWC) code 01 01 01 – non hazardous. Therefore, further 
hazard assessment is not necessary. 

 

3.3.2 Mineral rich granite derived tailings 
 

Laboratory simulated testwork using composite granite samples obtained from the site has 
broadly produced the slurry waste (tailings) indicated at the end of the process, as outlined 
in Figure 1 of this report. Subsequently, multi-elemental dry weight analyses of these tailings 
has been undertaken and produced within the Coffey Mining Pty Ltd report – Waste and 
Tailings Geochemistry – April 2011 with further tailings analysis undertaken in January 2013 
and supplied by AMEC. 

 

The analyses presented in this report have been summarised in the following table. 
 

Table 3-1 

Summary of Coffey elemental analyses Hard and soft granite tailings (2011) and DMS 
Rejects/Composite Tailings (2013) and 

 
 

  Hard granite tail Soft granite tail DMS rejects 
Composite 

Tailings 

Ag ppm 0.75 1.75 <1 <1 

Al2O3 % 13.7 18.2 - - 

Al % 7.3 9.74 0.54 1 

As ppm 414 223 150 920 

B ppm 230 270 5 5 

Ba ppm 191 221 18 62 

Be ppm 5.75 5.9 <1 1 

Bi ppm 55.8 70.8 23 240 

Ctotal % 0.04 0.075 - - 

Corganic % 0.025 0.065 - - 

Ca % 500 400 2700 2500 

Cd ppm < 0.5 < 0.5 <1 <1 

Ce ppm 23 34.3 4 17 

Cl ppm 300 300 - - 

Co ppm 12.5 41 3 3 

Cr ppm 200 225 210 90 
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Hard granite tail Soft granite tail DMS rejects 

Composite 
Tailings 

 

 Cs ppm 46.7 44.7 - -  

 Cu ppm 87 65 24 98  

 Dy ppm 1.95 2.8 - -  

 Er ppm 0.85 1.33 - -  

 Eu ppm 0.4 0.63 - -  

 F ppm 2800 3400 - -  

 
Fe2O3 % 2.44 2.27 - - 

 

 Fe % 1.72 1.6 0.61 1.1  

 Ga ppm 29.1 34.5 3 4  

 Gd ppm 2.4 3.7 - -  

 Ge ppm < 20 < 20 <1 <1  

 Hf ppm 2 2.6 <1 <1  

 Hg ppm 0.02 0.02 <1 <1  

 Ho ppm 0.35 0.48 - -  

 In ppm 0.22 0.24 <1 <1  

 K % 4.91 2.84 0.21 0.23  

 La ppm 10.8 15.75 3 11  

 Li ppm 263 328 35 46  

 Lu ppm 0.12 0.18 <1 <1  

 Mg % 0.19 0.22 0.074 0.095  

 Mn ppm 228 226 71 230  

 Mo ppm 15.5 14.5 3 4  

 Na ppm 2200 1000 150 190  

 Nb ppm 8 9.75 1 2  

 Nd ppm 10.65 15.7 - -  

 Ni ppm 114 110 8 10  

 P ppm 275 250 60 190  

 Pb ppm 17.5 25 2 4  

 Pr ppm 2.84 4.29 - -  

 Rb ppm 677 488 <1 <1  

 Re ppm < 0.1 < 0.1 - -  

 S % 0.01 < 0.005 0.08 <0.01  

 
Ssulfide % < 0.01 < 0.01 - - 

 

 
Ssulfate % 0.01 < 0.01 - - 

 

 Sb ppm 12.3 10.3 4 9  

 Sc ppm 3 5 1 4  

 Se ppm < 5 < 5 2 2  

 
SiO2 % 74.7 70.7 - - 

 

 Si % 34.6 32.6 - -  

 Sm ppm 2.65 3.95 - -  

 Sn ppm 59 67.5 6 7  

 Sr ppm 68.5 75.8 8 21  
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   Hard granite tail Soft granite tail DMS rejects 
Composite 

Tailings 
 

 Ta ppm 1.15 1.55 1 <1  

 Tb ppm 0.37 0.54 <1 1  

 Te ppm 0.7 0.8 - -  

 Th ppm 8.35 9.7 <1 <1  

 Ti % 0.09 0.11 0.0075 0.0091  

 Tl ppm 2.95 1.8 <1 <1  

 Tm ppm 0.14 0.18 - -  

 U ppm 5.85 4.6 <1 <1  

 V ppm 10 12.5 7 13  

 WO3 % 0.072 0.078 - -  

 W ppm 530 587 180 180  

 Y ppm 9.5 12.7 2 6  

 Yb ppm 0.85 1.17 <1 1  

 Zn ppm 46 10 13 34  

 Zr ppm 60 78.5 6 10  

Slurry pH @ 0.55% solids 7.57 7.76 - -  

 

The results above have been used as the basis of the hazard assessment along with the 
known quantities of additives to be used within the process as defined in Section 3.2. 

 

It should also be noted that upon deposition the tailings are approximately 45% water with 
the long term moisture content estimated to be around 20%. For the purpose of this hazard 
assessment a moisture content of 20% has been used as a worst case. 

 

Furthermore, the highest concentrations listed above have been used to produce a worst 
case analysis for the combined tailings. An alternative would be to undertake statistical 
analysis and derive a true mean concentration for assessment. 

 

An initial run of the software was performed on the site specific stream, as developed above. 
This initial run produced a classification of “Potentially Hazardous Waste”, which was due to 
the presence of the process reagents MIBC, and Xanthate, providing potentially hazardous 
results due to their flammability and production of gases. (See Appendix 3D-1) 

 

The flammability of the MIBC will be prevented by the fact that it is present in small 
quantities and is in a slurry. The Xanthate is known to produce carbon disulphide as it 
breaks down. The volumes of gases emitted will be relatively small (given its concentration) 
and will safely disperse into the atmosphere above the tailings storage area. 

 

An second run of the software was performed on the site specific stream, with the MIBC and 
SEX removed so as to confirm the classification, having due regard to the nature of these 
reagents and the rationale discussed above. This second run produced a classification of 
“Non-Hazardous Waste”. This result was similarly obtained when tripling the concentration of 
the determinands. (see Appendix 3D-2) 

 

In undertaking the assessment SLR has made some other assumptions, notably that 
compounds such as Aluminium and Fluorine are not present as native metals or in elemental 
form. For example fluorine will not be present in its elemental form (gas) and is most likely to 
be found as stable metal fluorides for which there are no risk and/or hazard phrases 
pertinent to the expected geochemistry. 
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3.4 Sensitivity Analysis 
 

The initial hazard assessment indicates the tailings to be non-hazardous waste. SLR has 
undertaken some sensitivity analysis to account for uncertainty and variation. The reason 
why this is considered important is as that given the physical processes the material will be 
subjected to, there are some concerns that contaminants could “accumulate” within the 
tailings waste. Given the presence of arsenopyrite within the material, arsenic concentrations 
have in particular been considered; 

 

3.4.1 Contaminant Accumulation 
 

Given the potential for the accumulation of arsenic within the process the sensitivity analysis 
allowed for increased worst case arsenic to 2760 ppm – or three times the maximum value 
recorded in the composite tailings (2013 results). The assessment sheet for this is presented 
in Appendix 3D-3. The material remains classified as non-hazardous waste. In fact, the 
analysis gave a determination of non-hazardous waste for Arsenic concentrations of up to 
3,000ppm. 

 

The above rationale was then applied to the remaining elements i.e. to allow for 
accumulation and therefore elevated contaminant concentrations within the tailings. As 
above and to allow for fluctuations in the tailings all values were assumed to be three times 
maximum recorded concentrations. The material remains non-hazardous waste. The results 
are included as Appendix 3D-3. 
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4.0 SUMMARY 
 

A waste classification exercise has been undertaken in relation to mining wastes that will be 
generated during the extraction of tungsten and tin from the Hemerdon Mine. The 
assessment has been undertaken as part of the Waste management Plan for the site, and in 
support of the case that the facility should not be Classified as Category A due to the 
presence of hazardous waste. 

 

Based on previous phases of work it is considered that the material (both solid and tailings) 
constitutes non-hazardous waste. The solid mineral metalliferous excavation wastes (EWC 
01 01 01) are neither an absolute or mirror entry within the European Waste Catalogue. 
These materials are considered non-hazardous waste based on this and composition. 

 

The tailings waste should be regarded as a mirror waste on the basis of the physical 
changes that occur and the additives used in the processing of the extracted mineral. A 
Hazard Assessment was undertaken on this basis. 

 

The assessment presented herein indicates that tailings wastes are also non-hazardous and 
should be coded 01 03 06 - tailings other than those mentioned in 01 03 04 and 01 03 05. 

 

Sensitivity analysis indicates that even allowing for accumulation of contaminants within the 
tailings (up to three times that actually encountered in material tested on site) the material 
would not be rendered hazardous waste. 
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5.0 CLOSURE 
 

This report has been prepared by SLR Consulting Limited with all reasonable skill, care and 
diligence, and taking account of the manpower and resources devoted to it by agreement 
with the client. Information reported herein is based on the interpretation of data collected 
and has been accepted in good faith as being accurate and valid. 

 

This report is for the exclusive use of Wolf Minerals Limited and their nominated agents; no 
warranties or guarantees are expressed or should be inferred by any third parties. This 
report may not be relied upon by other parties without written consent from SLR. 

 

SLR disclaims any responsibility to the client and others in respect of any matters outside 
the agreed scope of the work. 


