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ABOUT GMG 
The Global Mining Guidelines Group (GMG) is a network of representatives from mining companies, original equipment man-
ufacturers (OEMs), original technology manufacturers (OTMs), research organizations and academics, consultants, regulators, 
and industry associations around the world who collaborate to tackle challenges facing our industry. GMG aims to accelerate 
the improvement of mining performance, safety, and sustainability by enabling the mining industry to collaborate and share 
expertise and lessons learned that result in the creation of guidelines, such as this one, that address common industry chal-
lenges. 

Interested in participating or have feedback to share? GMG is an open platform, and everyone with interest and expertise in 
the subject matter covered can participate. Participants from GMG member companies have the opportunity to assume lead-
ership roles. Please contact GMG at info@gmggroup.org for more information about participating or to provide feedback on 
this guideline. 

GMG was formed out of the Surface Mining Association for Research and Technology (SMART) group as part of the Canadian 
Institute of Mining, Metallurgy and Petroleum (CIM) and with the support of other Global Mineral Professionals Alliance (GMPA) 
members. 

GMG is an independent, industry-led organization. 

ABOUT GMG GUIDELINES 
GMG guidelines are peer-reviewed documents that describe good practices, advise on the implementation and adoption of 
new technologies, and/or develop industry alignment. They are the product of industry-wide collaboration based on experi-
ence and lessons learned. The guidance aims to help readers identify key considerations, good practices, and questions to ask 
on the topic covered and enable operational improvements for safe, sustainable, and productive mines. 

Once the guideline is reviewed and accepted by the project group steering committee, working group members peer review 
and GMG members within the working group vote to approve draft documents prior to their approval by the GMG Board of 
Directors. 

GMG guidelines are intended to provide general guidance only, recognizing that every situation will be different. Use of these 
guidelines is entirely voluntary and how they are applied is the responsibility of the user. These guidelines do not replace or 
alter standards or any other national, state, or local governmental statutes, laws, regulations, ordinances, or appropriate tech-
nical expertise and other requirements. While the guidelines are developed and reviewed by participants across the mining 
industry, they do not necessarily represent the views of all of the participating organizations and their accuracy and complete-
ness are not guaranteed. See the disclaimer on p. ii for further detail. 

RELATED GMG DOCUMENTS 
While guidelines are the primary output of GMG Working Groups, GMG also produces documents that supplement guidelines. 
These include:  

• White papers: Educational or foundational documents that provide broad knowledge and identify further reading on 
a topic that is new to or not well-understood in the industry. These documents are reviewed throughout development 
and editing but do not undergo the working group review and voting process as guidelines do. These projects can 
lead to guideline development.  

• Reports: Outcomes of outreach, industry research, and events can be presented in reports and can inform the prior-
ities for developing industry guidance.  

• Landscapes: Reviews of ongoing related work by other organizations on a key topic. These aim to provide the indus-
try with an idea of what exists and prevent duplication of effort. 

• Case studies/other examples and tools: These documents aim to share knowledge and provide examples for the 
benefit of the broader industry and supplement GMG guidelines. 

RELATIONSHIP TO STANDARDS 
GMG guidelines are not standards and should not be treated as such. The guidelines can be used to assist the mining com-
munity with practices to improve their operations and/or implement new technologies. They aim to supplement, not replace, 
existing standards, regulations, and company policies. Guidelines can also be a first step in identifying common and success-
ful practices and feed into standardization efforts. GMG does not develop standards but does participate in standardization 
efforts through partnerships. 

mailto:info@gmggroup.org
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PUBLICATION INFORMATION 
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DOCUMENT USAGE NOTICE 

© Global Mining Guidelines Group. Some rights reserved. 

GMG is an open platform. This document can be used, copied, and shared, aside from the exceptions listed below. 

Exceptions to the above: 
• Third-party materials: If you wish to reuse material from this work that is attributed to a third party, such as tables, 

quotations, figures, or images, it is your responsibility to determine whether permission is needed for that reuse and 
to obtain permission from the copyright holder. The risk of claims resulting from infringement of any third-party-
owned content in the work is the responsibility of the user. 

• GMG branding and logo: The use of the GMG logo and associated branding without permission is not permitted. To 
request permission, please contact GMG (see the contact information below). 

• Translation: If you translate the work, include the following disclaimer: “This translation was not produced by GMG. 
GMG is not responsible for the content or accuracy of this translation.” 

• Derivatives: Adaptations, modifications, expansions, or other derivatives of this guideline without permission are not 
permitted. To request permission, please contact GMG (see the contact information below). 

• Sales: While you can use this guideline to provide guidance in commercial settings, selling this guideline is not per-
mitted. 

Should you use, copy, or share this document, you must clearly identify that the content comes from GMG by citing it. The cita-
tion must include all the information in the recommended citation below. 

Recommended citation: Method to Survey  and Sample Grinding Circuits for Determining Energy Efficiency (GMG03-MP-
2022). Global Mining Guidelines Group (2022). 
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Global Mining Guidelines Group 
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DISCLAIMER 

This publication contains general guidance only and does not replace or alter requirements of any national, state, or local gov-
ernmental statutes, laws, regulations, ordinances, or appropriate technical expertise and other requirements. Although 
reasonable precautions have been taken to verify the information contained in this publication as of the date of publication, it 
is being distributed without warranty of any kind, either express or implied. This document has been prepared with the input 
of various Global Mining Guidelines Group (GMG) members and other participants from the industry, but the guidelines do not 
necessarily represent the views of GMG and the organizations involved in the preparation of these guidelines. Use of GMG 
guidelines is entirely voluntary.  The responsibility for the interpretation and use of this publication lies with the user (who 
should not assume that it is error-free or that it will be suitable for the user’s purpose). GMG and the organizations involved in 
the preparation of these guidelines assume no responsibility whatsoever for errors or omissions in this publication or in other 
source materials that are referenced by this publication, and expressly disclaim the same. GMG expressly disclaims any 
responsibility related to determination or implementation of any management practice. In no event shall GMG (including its 
members, partners, staff, contributors, reviewers, or editors to this publication) be liable for damages or losses of any kind, 
however arising, from the use of or reliance on this document, or implementation of any plan, policy, guidance, or decision, or 
the like, based on this general guidance. GMG (including its members, partners, staff, contributors, reviewers, or editors to this 
publication) also disclaims any liability of any nature whatsoever, whether under equity, common law, tort, contract, estoppel, 
negligence, strict liability, or any other theory, for any direct, incidental, special, punitive, consequential, or indirect damages 
arising from or related to the use of or reliance on this document. GMG (including its members, partners, staff, contributors, 
reviewers, or editors to this publication) are not responsible for, and make no representation(s) about, the content or reliability 
of linked websites, and linking should not be taken as endorsement of any kind. We have no control over the availability of 
linked pages and accept no responsibility for them. The mention of specific entities, individuals, source materials, trade names, 
or commercial processes in this publication does not constitute endorsement by GMG (including its members, partners, staff, 
contributors, reviewers, or editors to this publication). In addition, the designations employed and the presentation of the mate-
rial in this publication do not imply the expression of any opinion whatsoever on the part of GMG (including its members, 
partners, staff, contributors, reviewers, or editors to this publication) on the legal status of any country, territory, city, or area or 
of its authorities, or concerning delimitation of any frontiers or boundaries. This disclaimer should be construed in accordance 
with the laws of Canada.
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EXECUTIVE SUMMARY  

GUIDELINE PURPOSE  
This guideline aims to provide tools for practitioners to measure the energy efficiency of comminution circuits using standard-
ized metrics. Additionally, it details methods to survey and sample grinding circuits to generate sufficient information of 
suitable quality to support reliable efficiency analysis by these and comparable methods.  

TYPES OF SURVEYING AND SAMPLING 
This guideline is specific to surveying and sampling of autogeneous grinding (AG), semi-autogeneous grinding (SAG), and rod 
and ball mill circuits operating within the normal range of application.  

This guideline does not directly address analysis of crushing plants and fine grinding circuits, but it is a useful reference for 
such endeavours. 

INPUT INFORMATION REQUIRED  
Applying power-based analysis techniques requires sufficient input information to allow actual specific energy consumption 
to be compared with a calculated estimate of the required energy usage to perform the equivalent size reduction, specifically 
the: 

• Primary mill feed 80% passing size (F80) 
• Final grinding circuit product 80% passing size (P80) 
• Ore hardness measurement 
• Grinding circuit feed rate at the time of survey 
• Mill and crusher power consumption at the time of survey 
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ABBREVIATIONS

AG Autogenous Grinding 

F80 80% passing size of the circuit feed (μm) 

HPGR High Pressure Grinding Roll 

P80 80% passing size of the circuit product (μm) 

PPE Personal Protective Equipment 

PSD Particle Size Distribution 

ROM Run-of-Mine 

SAG Semi-Autogenous Grinding 

SMC Test® Steve Morrell Comminution Test 
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1. INTRODUCTION AND BACKGROUND 

This guideline has been developed to support the Mineral Processing Working Group, which aims to provide tools for 
practitioners to measure the energy efficiency of comminution circuits using standardized metrics. The focus of the 
Mineral Processing Working Group is to define the recommended methods for quantifying grinding circuit efficiency 
using grinding power analysis, following the approaches developed by Bond (1961) and Morrell (2009). This guideline 
details methods to survey and sample grinding circuits to generate sufficient information of suitable quality to support 
reliable efficiency analysis by these and comparable methods. This guideline is specific to surveying and sampling 
autogenous grinding (AG), semi-autogenous grinding (SAG), rod, and ball mill circuits operating within the normal range 
of application. This guideline does not directly address analysis of crushing plants and fine grinding circuits, but it is a 
useful reference for such endeavours. 

Applying power-based analysis techniques requires sufficient input information to allow actual specific energy con-
sumption to be compared with a calculated estimate of the required energy usage to perform the equivalent size 
reduction, specifically the: 

• Primary mill feed 80% passing size (F80) 
• Final grinding circuit product 80% passing size (P80) 
• Ore hardness measurement 
• Grinding circuit feed rate at the time of survey 
• Mill and crusher power consumption at the time of survey 

This is a minor revision of the guideline originally published in 2013. The changes include editorial changes (e.g., adding 
new references, updating the style, and fixing errors) and some revisions and expansions to make the text more com-
plete and clearer. Some key examples include: 

• Clarity on the intended scope of the guideline (Section 2) 
• Additional content on automated sample handlers (Section 4.4) 
• Additional content on weightometer calibration (Section 4.5) 
• Hardness sample revision and comminution test sample requirements obtained from tests (Section 5.4) 
• Revision of required and optional data when collecting circuit data (Section 5.5) 
• A new table Section 6.1 that exemplifies the process of screening a belt conveyor sample to determine the 

particle size distribution of the crushed ore being fed to a SAG mill.



Global Mining Guidelines Group (GMG)

METHODS TO SURVEY AND SAMPLE GRINDING CIRCUITS FOR DETERMINING ENERGY EFFICIENCY  |  5 

2. SCOPE 

The intended application of this analysis is to treat a complete grinding circuit as if it were a singular process block, irre-
spective of the number of grinding stages or internal classification steps. This approach allows a quick, relatively 
low-cost assessment of overall grinding circuit efficiency.  

Additionally, it can identify if more detailed analysis or circuit optimization work is required. Following circuit changes, 
the same methods can be used to compare the impact on circuit efficiency of varying operating conditions. 

This approach removes the need to survey internal circuit streams and mass balance around classification stages, sig-
nificantly reducing labour requirements, survey turnaround time, and costs associated with sampling, sample analysis, 
and circuit modelling. This more detailed sampling and analysis, reflected by a full comminution circuit survey proce-
dure, will be required to support comminution circuit optimization and expansion studies. Such effort will often generate 
population balance models to simulate the impact of specific changes to flowsheets or operating conditions on plant 
performance and capacity. In those instances, the protocols described in this guideline, representing industry best 
practices, should be accommodated in the full circuit sampling and surveying procedures. The simplified approach out-
lined in this guideline will allow a circuit efficiency assessment to be performed as the first stage of circuit analysis and 
quantify and determine any potential performance improvement that can be immediately realized through optimization. 

While the scope of this guideline is to facilitate high-level circuit efficiency analysis, there is potential to use this 
methodology to update more detailed circuit simulation models where they currently exist, or to otherwise conduct 
more focused assessments of the performance of specific unit operations. Collecting additional information that 
describes the operating condition of the circuit can provide invaluable context for more focused analysis, either imme-
diately or retrospectively. This is particularly relevant where operations do not frequently generate data relating feed 
size distribution, feed hardness, and operating conditions to plant productivity (measured by throughput, specific 
energy, and product size distributions). It is not uncommon for plants to operate for many years without doing so. For 
that reason, there is a discussion of optional information provided in Section 5.5 of this document that should be con-
sidered when planning any circuit survey to make sure maximum value is realized.
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3. OTHER USEFUL DOCUMENTS 

The references listed in Section 8 of this document provide more detail on sampling and surveying of comminution cir-
cuits. GMG publications that provide additional information and are in support of this guideline include: 

• Determining the Bond Efficiency of Industrial Grinding Circuits 
• The Morrell Method to Determine the Efficiency of Industrial Grinding Circuits 

Two Microsoft Excel-based tools are available for download at https://gmggroup.org/ or click on the links below for a 
direct download: 

• Moly-Cop Tools Media Charge Level Spreadsheet for Calculating Mill Load Levels.xlsx 
• Example Worksheet for Calculating Particle Size Distributions for Coarse Ore Samples.xlsx

https://gmggroup.org/guidelines-and-publications/determining-the-bond-efficiency-of-industrial-grinding-circuits/
https://gmggroup.org/guidelines-and-publications/morrell-method-to-determine-the-efficiency-of-industrial-grinding-circuits/
https://gmggroup.org/
https://gmggroup.org/wp-content/uploads/2022/09/Moly-Cop-Tools-Media-Charge-Level-Spreadsheet-for-Calculating-Mill-Load-Levels.xlsx
https://gmggroup.org/wp-content/uploads/2022/09/Example-Worksheet-for-Calculating-Particle-Size-Distributions-for-Coarse-Ore-Samples.xlsx
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4. PLANNING AND PREPARATION 

4.1        SAFETY 

Comminution circuit surveys should always first consider the management of risks to persons or property to avoid 
damage or injury to personnel involved with, or influenced by, the survey process. Site-specific policies for equipment 
isolation, manual handling (sample collection, lifting, and transport), working from heights, confined space entry, and 
mobile equipment operation should be followed at all times. 

Prior to commencing sampling, apply industry best practices and site policies to make sure risks are mitigated. It is cru-
cial to perform a thorough risk assessment (involving all survey team members) that includes preparation tasks, 
non-standard equipment shutdown, sample collection, sample handling, sample analysis, and to develop risk mitiga-
tion plans. 

Planning should include reviews with appropriate safety personnel and all risk mitigation actions. Additionally, appro-
priate employee training should be completed prior to commencing the survey. The surveying process extends to 
sample handling and testing in the laboratory; therefore, the risk analysis should encompass these activities, through 
to completion of all sample analyses. Specified tasks such as equipment isolation, working at height, confined space 
entry, and mobile equipment operation should only be performed by trained and competent personnel. 

Slurry samplers can be large and sometimes need to be passed through large volume slurry streams that apply con-
siderable force to the samplers; therefore, details such as proper body and hand position, personal protective 
equipment (PPE), and number of personnel required to complete each task should be considered. It is also recom-
mended to take practice sample cuts prior to the survey to make sure sampling methods are safe and executed 
properly and confirm that sample cutters are sized correctly. 

Final sample size can be large. At the conclusion of the survey, make sure that sample weights have not exceeded the 
safe handling limits of sample containers and containers are sealed properly to prevent spillage or evaporative losses. 
Depending on sample size and location of the containers, it might be necessary to use overhead cranes or other equip-
ment to lift and transport sample containers. It is important to develop reasonable estimates of sample sizes and 
weights prior to the survey to make sure safe handling methods are available. Lifting aids can consist of pallets to store 
buckets and drums for sample transport, or certified slings or drum lifting clamps for lifting drums using overhead or 
mobile cranes. Consideration should be given to minimizing manual handling by using mobile equipment and approved, 
fit-for-purpose lifting aids. 

4.2        TARGET STREAMS 

To support a high-level analysis of grinding circuit energy efficiency, it is typically necessary to collect one sample from 
the grinding circuit feed and one from the grinding circuit product. More rigorous analysis of individual mill efficiency or 
classifier performance, particularly within a multistage grinding circuit, requires sampling several intermediate streams, 
making it a significantly more onerous task and simplifying the sampling requirements to support overall circuit effi-
ciency analysis. 

Sampling of the grinding circuit feed is required to allow accurate determination of the grinding circuit feed size, specif-
ically the F80 value, and to provide samples for ore characterization and moisture determination. A full and fresh mill 
feed particle size distribution (PSD) is also valuable information to support circuit modelling and optimization studies. 
If the grinding circuit feed PSD is too fine to provide sufficient coarse particles for the required hardness tests, an addi-
tional sample from the crushing circuit might be required to provide sufficiently coarse sample for analysis. If so, 
preparations should be made to collect this sample immediately, prior to the stabilization period or immediately after 
the survey to make sure the material accurately represents the material processed at the time of the survey. 
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When sampling coarse streams, it is essential to collect adequate sample mass to minimize errors in the measured 
PSD. Guidance is given in the following sections on making sure that the samples collected and the analyses performed 
are fit for purpose, particularly that the sample mass collected and any subsequent sample mass reduction stages give 
due consideration to the impacts on measurement accuracy. 

Sampling of the grinding circuit product is required to generate an accurate P80 value. The use of full cross-stream 
sampling techniques to sample slurry streams is required, and care should be taken to make sure adequate sample 
mass is collected to allow accurate analysis of the PSD. This is particularly important where the grinding circuit feed is 
a wet screen undersize stream. 

4.3        SAMPLE SIZE 

When sampling comminution circuit streams, it is important to recognize that sample mass significantly influences the 
accuracy of subsequent measurements of stream PSD. Both Pitard (1993, p. 293) and Napier-Munn, Morrell, Morrison, 
and Kojovic (1996, p. 157) provide methods to determine the sample mass required to measure PSD with reasonable 
error, which is driven by the coarseness of the stream PSD. 

The sample size requirements of crushed ore vary as a function of PSD where finer crushed PSDs require less sample 
mass than coarse PSDs (e.g., produced by crushing a competent ore). In the case of cyclone overflow streams, the sam-
ple mass produced by taking multiple cuts during a grinding circuit survey generally exceeds the sample mass required 
for size analysis of the stream. However, it is recommended to take several cuts and generate a larger volume of sample 
that subsequently requires splitting before the size analysis, rather than downsize the initial sample mass and risk com-
promising sample quality. For grinding circuit product samples, a minimum of five or six cuts is recommended, generally 
requiring a sample cut every 10–15 minutes, although 5–10 minutes might be more appropriate for dilute streams. 

When applying calculation methods as described by Pitard (1993, p. 293) and Napier-Munn, Morrell, Morrison, and 
Kojovic (1996, p. 157) to streams coarser than a P80 of 25 mm (e.g., a SAG feed) the required sample mass calculated 
quickly reaches several tonnes of sample as the feed size coarsens. As a result, experienced practitioners typically 
apply more empirical guidelines for the required sample quantities for coarser streams. Table 1 provides some indica-
tive sample masses as a function of particle size for typical grinding circuit feed and product samples. Detailed 
guidance and examples for calculating sample size requirements provided by Napier-Munn et al. (1996) are provided 
in Annex A of this guideline, with the permission of the Julius Kruttschnitt Mineral Research Centre. Specific instruction 
for very coarse feeds, such as SAG mill feed, is given in Section 5.4.1. 

4.4        EQUIPMENT 

Prior to commencing the survey, all required safety, sampling, and laboratory equipment needs to be available, 
inspected, calibrated, and operated as per original design to confirm good operating condition and reliable survey 
results. Additionally, operators of the equipment should have proper training for safe usage, as identified in the pre-sur-
vey risk assessment process discussed in Section 4.1. 

The √2 sieve series is a minimum requirement for analyzing samples from a comminution circuit. This typically starts 
with a top screen size of 300 or 250 mm aperture and works down to 38 μm. A regular logarithmic spacing (√2 or similar) 

Stream type Nominal size (mm) Sample mass (kg)
Primary crushed ore < 250 500–1,500

Secondary crushed ore < 50 100–500

Ball mill feed < 12 20–30

Cyclone overflow < 1.5 0.5–1.0

Table 1. Indicative Sample Size Requirements
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is necessary to provide the required resolution and minimize the potential for overloading sieve screens during particle 
size analysis. The same sieve series should be used for all samples collected during a circuit survey to simplify mass 
balancing efforts, although the very coarse screens are not required for sizing product samples. An indicative √2 sieve 
series distribution is as follows, with screen apertures in mm: 250, 200, 175, 150, 125, 100, 75, 50, 37.5, 25.4, 19, 12.7, 9.5, 
6.7, 4.75, 3.35, 2.36, 1.70, 1.18, 0.85, 0.6, 0.425, 0.3, 0.212, 0.150, 0.106, 0.075, 0.053, and 0.038. Table 2 provides a list of 
equipment that is typically required to execute a grinding circuit survey and complete the sample analysis. 

For ball mill fresh feed samples, where a relatively small belt cut length (1–5 m) can be required, a purpose-built belt 
cut frame, usually 1–2 m long, can be applied to effectively delineate the sample lot from the bulk of the material on the 
conveyor. 

When accessibility to a conveyor sampling location is restricted, heavy-duty sample bags can be a practical means to 
transport material from the sampling point. The bags should be sealed to avoid moisture loss, and the bag weight kept to 
a manageable level to avoid manual handling injuries. It is recommended to keep the maximum bag weight under 15 kg. 

Sample cutters for cross-stream sampling of flowing streams require careful design and operation. Very detailed guid-
ance on design considerations for sample cutters is provided by Pitard (1993, p. 293). Cutters typically need to be 
purpose fabricated for a specific sampling task, and their design should consider many aspects, including: 

• Cutter edges should be sharp, horizontal, and parallel. 
• Cutter opening width should be at least three times the diameter of the largest particle in the slurry or dry par-

ticulate stream to be sampled, and not less than 10 mm. 
• For sticky particulate materials, a minimum cutter opening of 50 mm is recommended to avoid potential for 

cutter bridging. Morrison (2008, p. 157). 
• The sample volume to cutter volume ratio should be approximately 30%, allowing the internal volume of the 

cutter to be sufficient to prevent sample splashing or overflow. 
• The sampler mass should be manageable (in terms of mass and cutter weight) and an appropriate weight to 

safely use.

Safety equipment Conveyor samples Slurry samples Laboratory equipment
• PPE: gloves, safety 

boots, hard hat, safety 
glasses or goggles, 
respiratory protection, 
hearing protection 

• Fall restraint equipment 
• Lifting aids 
• Hand-held radios 
• Isolation tags, isolation 

locks

• 200 L drums, lids 
• 20 L buckets, lids 
• 10 m tape measures 
• Brooms, flat nosed 

shovels, 
• Dustpans 
• One hole, 75 mm screen 
• Spray paint, stopwatch 
• Belt cut frame 
• Linear tachometer to 

measure belt speed

• 20 L buckets, lids 
• Sample cutter

• 0–500 kg platform 
balance 

• 0–20 kg balance 
• √2 screen series, 200 or 

300 mm diameter 
screens 

• Laboratory size 
screening equipment 
(e.g., Rotap or Gilson 
screen shakers)  

• Rotary sample splitter 
• 75, 100, 125, 150, 175, 

200, and 250 mm one 
hole screens 

• Filter press 
• Drying oven 
• Sample drying trays

Table 2. Survey Equipment
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A detailed example of sample cutter design, provided by JKTech (Indooroopilly, Australia), is shown in Figure 1. This 
guidance recommends that a cutter slot width of at least three times the largest particle size is provided. The final 
design is at the discretion of the practitioner but should observe Pitard’s (1993) recommendation on slot width as a 
minimum standard. 

Automated samplers (where installed) are recommended for sampling slurry streams. It is anticipated that automated 
samplers will consist of a primary sampler (either a launder flow or gravity flow pipe cutter) followed by a secondary 
sampler (e.g., a vezin type rotary sampler). 

The following general principles apply to the design of automated samplers: 
• The sampler should cut the entire stream. 
• The sampler should start outside the stream, reach a constant velocity before entering the stream, and should 

stop on the outside of the stream. 
• The sampler cutter opening should be parallel to the stream (linear cutter) or radial to the stream (rotating cut-

ter). 
• Cutter opening width should be at least three times the diameter of the largest particle in the slurry or dry par -

ticulate stream to be sampled, and not less than 10 mm. 
• For sticky particulate materials, a minimum cutter opening of 50 mm is recommended to avoid potential for-

cutter bridging. Morrison (2008, p. 157). 
• The sample cutter should have sufficient volumetric capacity to accommodate the entire stream sample with-

out splashing or overflowing. 
• The sampler should incorporate a washing mechanism to remove any build-up of solids within the cutter 

stages or intermediate flow paths. 
• The sampler should be fitted with inspection covers to allow visual inspection of sampler operation, cleaning 

system and overall condition. 

All sampling equipment (manual or automated) should be in good operating condition before commencing the survey. 
To make sure that the equipment is in good operating condition: 

• Thoroughly inspect all samplers for signs of damage, overall condition, and suitability for the task. 
– Is the sampler sufficiently robust so as not to fail during use? 
– Is there any potential for loss of sample? 

• For the sampling of streams also used as part of metallurgical accounting, review plant reconciliation data 
(weekly, monthly) to determine if a bias (attributable to the sampler or location) exists. 

• For automated samplers, determine if planned maintenance activities exist and are up to date. If not, thor-
oughly inspect and, if necessary, rectify any deficiencies prior to surveying. An inspection by vendor support 
personnel might be warranted to address deficiencies or if uncertainty exists as to sampler operation. 

It is highly recommended to practice the collection of samples with the same personnel as undertaking the survey. This 
will help identify inadequate sampling equipment and techniques and support the development of safe work practices. 

4.5        INSTRUMENT CALIBRATION 

Calibration should be done prior to conducting a survey for all instrumentation, including: 
• Power meters 
• Conveyor belt weightometers 
• Density gauges 
• Mass flow meters 
• Pressure sensors 
• Load sensors 
• Other instruments and sensors that are critical to comminution circuit operation 
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Instrument calibrations can be performed by in-house qualified personnel, but key instrumentation for metal and mass 
balancing periodically should be calibrated by certified, third-party personnel. 

The methodology for measuring power on all comminution equipment should be confirmed, especially in plants that 
might not have reliable power meters on individual equipment. If power costs are allocated, or if power is calculated 
from amperage measurements rather than from power meters, it might be necessary to install power meters on key 
equipment (e.g., mills and crushers) to accurately define the energy efficiency in the process. If the intent is to compare 
the performance of different comminution circuits (e.g., SAG ball mill, high pressure grinding roll (HPGR)/ball mill), 
power requirements for ancillary equipment (e.g., conveyors, pumps, screens) should also be measured so that total 
process power consumption can be assessed. 

Conveyor belt weightometers consist of a weigh frame with load cell(s) and a belt speed sensing device mounted to a 
conveyor frame. Output from the load cell and speed sensing device is digitally translated into a tonnage rate. The 
weigh frames can range from single idler up to six idlers, depending upon the degree of measurement accuracy 
required.  

As part of the audit process, inspect conveyor belt weightometers to make sure that they are correctly installed in suit-
able locations and that housekeeping is properly maintained, with no build-up of material on the weightometer frames 
or idlers. Manufacturers provide detailed installation requirements for their weightometers; therefore, refer to the man-
ufacturer manual to verify proper installation. Examples of proper installation criteria include: 

• The weightometer is installed in a location with minimal variation in belt tension. 
• The weightometer is installed near the tail section of the conveyor, with a minimum of five idlers spaces 

between the weightometer and loading point/skirt boards. 
• The weightometer is not installed near curves in the conveyor (minimum of five idler spacing before and after 

weightometer frame). 
• The weightometer should be installed as per the manufacturer’s instructions following recommended temper-

ature ranges, placement in direct or indirect sunlight, if the scale should be covered, and other weather 
conditions. 

• Conveyor frame and weightometer frame are aligned, as are weightometer-mounted idlers. The belt align-
ment/trimming idlers before and after the weighbridge idlers (typically two to three idlers before and after the 
weighbridge) should also be properly aligned. 

• Lead, lag, and weightometer idlers are weigh class and have consistent concentricity. 

Inspect static weights, weighbridges, and chains to make sure they are in good condition, clean, and are ideally certified 
traceable weights. Review inspection, maintenance, and calibration records for conveyor belt weightometers and vali-
date calibration methodologies to confirm accuracy and precision of the weightometer readings. The belt conveyor 
calibration can be confirmed during the survey with belt cuts and verification of belt speed. Belt speed can be checked 
with a digital tachometer or by either marking the belt with spray paint, using visible damage on the belt as a marker, 
or other features of the belt as a marker. The time taken, measured by a stopwatch, for the belt to complete three full 
revolutions typically provides an accurate measurement of belt speed. Ideally, this is coupled with confirmation of belt 
length, usually measured on an unloaded belt by a surveyor’s wheel to calculate a measured mill feed rate for compar-
ison to the distributed control system value recorded during the survey. This permits direct estimation of mass flow 
when combined with the wet and dry weights of the belt cut sample. 

In addition to the specific configuration and operating practices described above, calibration of weightometers is an 
important part of confirming accurate metallurgical accounting and providing reliable data for comminution circuit sur-
veys. There are three important calibration practices that can be used to confirm the appropriate calibration of conveyor 
weightometers: static known weight calibration, dynamic zero calibration, and dynamic known weight calibration. 
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4.5.1       Static Known Weight Calibration 

Static known weight calibration consists of placing a set of verified weights on the idler weighbridge while the conveyor 
is not running and includes lifting the belt off the weighbridge. This practice is typically used to validate the operation 
and accuracy of the load cell(s) and the performance of the weightometer. While this is an important equipment check, 
this practice alone is generally not sufficient to guarantee the accuracy of the weightometer in service. This equipment 
check does not consider the dynamic forces that might be imparted on the weighbridge and load cells while the con-
veyor is in service that can be translated as physical weight by the device. Appropriate calibration of the weightometer 
requires that the conveyor be running. 

4.5.2       Dynamic Zero Calibration 

Dynamic zero weight calibrations are used in conjunction with each other to make sure there is appropriate scale cal-
ibration across its service span.  This calibration consists of running the conveyor empty and recording the weight 
determined by the weighbridge. This practice considers the dynamic forces that can be imparted on the weighbridge 
and load cells while the conveyor is in service that can be translated as physical weight by the device, providing a means 
to account for them. Zero calibration validates that the conveyor is not overestimating or underestimating the weight 
of material being processed if the conveyor is run while empty. This empty condition should not occur while conducting 
a survey but is an important potential equipment bias that should be eliminated. 

Prior to conducting a dynamic zero calibration, it is important to follow all equipment cleaning procedures and make sure 
that any upstream chutes have been scaled to prevent material falling on the conveyor during the zero calibration. Zero 
calibrations should be conducted with a minimum of three full belt length rotations; however, as many as five full belt 
rotations are common. Once the accumulated weight reading of the dynamic zero calibration is determined, the instru-
ment calibration software can be used to adjust the zero point to account for the reading. This software adjustment will 
vary according to the equipment installed, and the manufacturer’s manual and recommendations should be followed. 

4.5.3       Dynamic Known Weight Calibration 

The second dynamic calibration that can be conducted is dynamic known weight calibration. This calibration consists 
of running the conveyor with a known or determinable weight passing across the weighbridge. This practice considers 
the dynamic forces that can be imparted on the weighbridge and load cells while the conveyor is in service. They can 
be translated as physical weight by the device and provides a means to account for them. Known weight calibration 
validates that the conveyor is not overestimating or underestimating the weight of material being processed while in its 
normal operating range. Two types of dynamic known weight calibration are used industrially; a ‘load out’ calibration 
and a chain weight calibration. 

The first and more accurate method is the load out calibration. A load out consists of starting the conveyor empty and 
then running the conveyor with material on it for a minimum of three rotations, but commonly five rotations, while mak-
ing sure that the material is ‘loaded out’ onto a truck, allowing the weight of the material to be subsequently validated 
by a separate truck scale. A loadout test requires that the material on the conveyor can be physically diverted to a truck 
and that the volumes involved in three to five rotations can be practically loaded into a truck that is appropriately sized 
for a truck weigh scale. Most comminution circuits are not configured for load outs, and many operate at a rate that is 
prohibitive to using truck scales. Alternatively, belt cuts can be taken at the end of the survey to determine a mass per 
metre of material at the time of the survey as a means of determining scale accuracy. However, this is the least accurate 
method of those discussed in this section. 

If a load out is not possible, a dynamic chain weight calibration is typically used. A dynamic chain weight calibration 
consists of starting the conveyor empty and using an electric winch to load a chain of known weight onto the running 
conveyor. This chain is then held in place by the winch while the conveyor is run for a minimum of three rotations, but 
commonly five rotations. The chain(s) should be of a known weight per metre, resulting in a similar mass over the 
weighbridge, as would be seen in normal operations. The chain length should span at least five idlers before and after 
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the weighbridge. Once the accumulated weight from the specified rotations is determined, the chains should be 
removed from the conveyor using the electric winch. Making sure that the chain is clean and remains flexible along its 
length are important visual inspections to confirm the validity of the information collected using this method. Chains 
should be removed and weighed to verify their mass annually. 

For both a load out and a chain weight calibration, the adjustment procedure for the scale software is the same. The 
accumulated weight reading of the dynamic known weight calibration is compared to the load out weight, or expected 
weight, and the instrument calibration software can be used to adjust the weighbridge curve to account for the read-
ing.  This software adjustment will vary according to the equipment installed and the manufacturer’s manual and 
recommendations should be followed. 

The density gauge and mass flowmeter installations should be inspected to make sure good, working order of the 
instrument. The user should confirm that the calibration methodologies are consistent with manufacturer instructions. 
Often, initial calibrations are conducted during plant commissioning when normal operating conditions have not been 
achieved; therefore, when it is practical, the density calibrations should be verified with statistically correct hand-cut 
samples over typical operating ranges and verify flowmeter calibrations by measuring drawdown or filling times of 
tanks with known dimensions. Further, to determine if magnetic flowmeter readings are compromised by magnetic 
material accumulation, should be turned off for a time and observed if the measured flow rate has decreased when 
power is turned back on.
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5. SURVEYING 

5.1        SURVEY FEED CONTROLS 

It is essential that the feed to the grinding circuit is as consistent as possible during the initial stabilization period and 
for the survey duration. This makes sure that: 

• The circuit stability is acceptable 
• The recirculating loads have sufficient time to find their balance point 
• The survey conditions are well defined 
• The associated samples are as representative as possible 

This firstly requires liaison with the mine engineering and geology departments to source an adequate supply of pri-
mary crusher feed from a well-defined and characterized material type or blend. The volume should be sufficient to 
allow an extended period of operation on the specified feed in the lead-in to the survey and allow some contingency for 
stabilization time extension or a survey repeat. Ideally, at least two days of broken ore stocks should be identified. 

In a direct feed situation where ore is fed into the primary crusher and then immediately to a mill, the feed should be 
kept as consistent as possible. If run-of-mine (ROM) blending fingers (small stockpiles) are carefully prepared on the 
ROM pad, then the plan should avoid a change in ROM fingers during the stabilization and survey period. If the feed is 
a blend of fingers having different properties, then the average blend ratios from different fingers or stockpiles should 
be maintained throughout the stabilization and survey period. If the mill is direct feed and the ore is sourced from the 
mine by truck, stability is more difficult to achieve as there are unavoidable wide variations in PSD from truck to truck 
because blasted muck piles are naturally heterogeneous. 

If crushed ore is stored between the primary crusher and milling but has minimal live capacity (<2 h), then the mill can 
also be assumed to be direct fed. If substantial storage exists between the primary crusher and the mill, management 
of the storage level is essential to achieve milling stability. The level of the plant feed bin or stockpile should not drop 
below the level at which it becomes susceptible to coarse particle rilling or otherwise causes a significant change in the 
PSD of the mill feed. A change from stockpile drawdown to rilling behaviour is sufficient reason to abandon a survey or 
postpone a stabilization period. The safest approach is to maintain the stockpile or bin level at 50–80% for the period 
of interest. The actual minimum stockpile level required to prevent feed size segregation is based on site experience. 

The person taking the sample is responsible for choosing a sample(s) that represents the average feed for the period 
the sample is taken. Mine dispatch and geology should confirm that the ore being fed to the mill is from the agreed 
location(s) and that it will continue to be fed during the planned survey period. If a blend of materials is delivered, it is 
important to make sure that the short-term average ore blend is as close as practically possible to the planned average 
blend over the whole survey period. 

Prior to sampling a mill feed conveyor, observe stability and consistency of the feed on the conveyor with respect to its coarse 
particle size, overall PSD, and colour. Decide whether one sample can be used to represent the feed or if multiple might be 
required over the survey period or longer to provide a better understanding of the true average size and quality of the feed. 

5.2        WHEN TO SURVEY 

The grinding circuit is required to be operating at a steady state for approximately one hour prior to commencing the 
survey. To make sure that a steady state is reached during this stabilization period and this stability is maintained dur-
ing the sampling period, circuit variables should be monitored. These variables include: 

• Mill feed rate 
• Circulating load 
• Feed size 
• Water addition 
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• Cyclone feed pump speed 
• Crusher closed-side setting 
• Mill speed 
• Mill power draw 
• Mill weight (by load cell measurement or inferred from bearing pressure) 
• Cyclone pressure 
• Number of cyclones operating 

If any significant changes (e.g., 5%) to operating conditions occur during the survey, the survey should be abandoned 
and the samples discarded unless the survey is near completion, in which case, immediately conclude the survey. 

A dedicated person with the necessary experience should be in the control room monitoring key process variables, to 
assess process stability and make prompt decisions in the event that the survey needs to be abandoned or concluded 
prior to the scheduled completion time. 

5.3        SURVEY DURATION 

Grinding circuit surveys typically require a one-hour sampling duration to collect the required number of product sam-
ple cuts while minimizing the survey duration and potential for the circuit performance to change dramatically. Both 
shorter and longer sampling periods can be successfully executed, given appropriate consideration of sampling fre-
quency and circuit stability requirements to confirm reliable data collection. The processes detailed in this guideline 
relate to a sampling duration of approximately one hour. 

5.4        SAMPLING PROCEDURES 

In this guideline, mill feed conveyor samples are the only samples not collected during the defined survey period. These 
samples should be collected as soon as practically possible after the survey period in order to avoid material changes 
in the PSD or changes to physical properties of the mill feed. 

5.4.1       SAG Mill Feed Samples 

In order to make sure sufficient coarse particles (+75 mm) are collected to accurately represent a coarse PSD and to 
keep the sample mass at a manageable level, two distinct samples should be collected from the SAG mill feed conveyor 
belt: a full belt cut of all material present and a coarse rock sample. 

Procedure for collecting SAG mill feed samples: 

1 Shovel the belt cut sample comprising all material (including fines) from 2–7 m length of the belt. Collect 
enough material to fill two 200 L drums, and then accurately measure and record the length of belt cut to 
achieve this target volume.

2 Along the next 3–15 m of the conveyor belt length, hand select and collect all lumps or rock particles 
coarser than approximately 75 mm. Take care to collect all coarse particles, including the lumps beneath 
the surface of the material. Use a “one hole screen” (with a single 75 × 75 mm opening) to manually 
identify and collect the coarse rocks, ideally in a separate 200 L drum. Sample sufficient length of the belt 
to provide one full drum of rocks and subsequently measure and record the sampled belt length. A 
minimum of 50 rocks should be collected, nominally +75 mm or another size determined to appropriately 
reflect the coarser end of the PSD, which can require more than 15 m of conveyor to be sampled. After 
sampling is complete, accurately measure and record the conveyor length used for this sample. Optional: 
remove, weigh, and discard the –75 mm fraction of this belt length for increased accuracy in the ultimate 
PSD.
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Exercise care when preparing the comminution test samples, such that the subsamples tested most closely represent 
the circuit feed comminution characteristics. Common pitfalls in subsample preparation include over crushing the 
sample and improperly splitting the subsamples. In all cases, the specific sample preparation guidelines for each com-
minution test procedure should be followed. 

5.4.2       Rod and Ball Mill Feed Samples 

Rod and ball mill fresh feed sizes typically range from 80% passing 50 mm to 80% passing 6 mm when operating in pri-
mary grinding duty. Consequently, the primary mill feed conveyor can be sampled by a single belt cut. The sample mass 
depends on the expected coarseness of the feed PSD and can be estimated using the techniques described in Sec-
tion 5.3. As a guide, expect that a ball mill fresh feed sample is at least 20 kg, and a rod mill fresh feed sample can be 
as large as 100 kg. 

Again, a full belt cut should be performed—requiring all material including fines to be removed from the belt—to gener-
ate this sample. Accurately measure the length of the belt cut to allow a kg/m belt loading to be calculated and the mill 
feed tonnage to be estimated from the measured belt speed, as described in Section 5.5. 

In some instances, the primary mill is fed by a slurry stream, as is the case when HPGR product is wet screened and 
the screen undersize is discharged to the cyclone feed hopper/sump. This is a more significant sampling challenge 
because of the higher volumetric flow rates. A purpose-built sample cutter is required (see Section 4.4 for the design 
considerations). Consider installing a mechanical sampling device of similar design to minimize the risk of injury when 
sampling a high slurry flow rate and to make sure consistent cross-stream sampling techniques are practiced. If a 
manual sample is to be collected, it might be necessary to divide the stream into segments to prevent sample cutter 
overflow, and to make sure the risks associated with collecting the sample manually are appropriately addressed in the 
survey risk assessment. 

5.4.3       Hardness Samples 

Common practice for generating samples of SAG, rod, or ball mill feed for ore characterization tests will require sam-
pling from the conveyor after collecting the sample for size analysis, or by utilizing the sizing sample after completion 
of that analysis. In the case of primary ball mill circuits, planning will be required to collect a primary crusher product 
sample for coarse particle breakage tests, as the ball mill feed particle size will be inadequate. The survey protocols 
should be clear as to how the characterization samples are to be produced. Additionally, make sure the sample prop-
erties are appropriate for the intended analysis. 

Table 3 provides guidance on the sample mass and particle size requirements of the tests covered within the GMG 
industrial comminution efficiency guidelines. 

5.4.4       Grinding Circuit Product Samples 

Grinding circuit product is commonly represented by hydrocyclone overflow; however, the final product separation can 
also be performed by screens or mechanical classifiers. Regardless of the sample and product separation, the sam-
pling options are to either take: 

• A full cross-stream cut of a full product flowing stream, segmented cuts of a full product flowing or 

Test Benchmarking method Particle size (mm) Sample mass
Bond low energy impact test Bond –75 to +50 20 pieces

Bond rod mill grindability test Bond –12.7 15 kg

Bond ball mill grindability test Bond, Morrell –3.35 10–15 kg

SMC test Morrell –31.5 to +13.2 15–20 kg 

Table 3. Comminution Test Sample Requirements
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• A full cross-stream cuts of individual cyclone overflow discharges 

In all instances, it is essential not to overfill the cutter. If the cutter overflows, that sample cut should be discarded to 
avoid sample bias. Perform sample cuts at constant speed and alternate the direction of the cut each time to minimize 
the potential for bias. Wash the sample cutter in the slurry stream and tap to make sure it is empty before sample cuts 
are taken. This avoids the need to wash the cutter with water between cuts, which would influence sample pulp den-
sity. 

A manually collected, full cross-stream cut of a flowing stream is possible when the stream flow rate is suitably low, 
nominally less than 250 t/h, to allow the cut to be safely and reliably performed. At high slurry flows, there is tendency 
for the cutter to overflow, resulting in a biased sample that should be discarded. For suitably high slurry flows, a larger, 
mechanically operated sample cutter is required to obtain a representative sample in a single cut from the full cross-
stream. 

The full cross section of the stream should ideally be cut in a single pass. If this is not possible, perform and combine 
individual cuts of sections of the stream. The volume of each cut should be approximately proportional to the volumet-
ric flow of that stream section. 

When sampling individual cyclone overflow pipes, alternate the sample point around the cyclone cluster each time to 
make sure that the performance of the full cluster is approximated by the composite sample. Ideally, sample each oper-
ating cyclone overflow an equal number of times during the survey. If this is not feasible, sample one in two cyclones – 
or one in three cyclones in the case of large clusters – an equal number of times during the survey. 

Common practice is to combine the individual product sample cuts into a single sample for analysis to represent the 
average of the survey period. The practitioner can alternatively prefer to either keep the sample cuts separate for indi-
vidual analysis when the survey is completed or combine into smaller combinations of cuts that represent the survey 
period in sections (commonly two halves). If the alternative is used, the analysis can be used to define the impact of 
changes in plant performance during the survey. This approach is less practical when individual cyclones are sampled 
because any measured differences in PSD between individual cuts could be the result of differences in cyclone liner 
condition; however, this approach is suitable when good quality, full product stream, cross-stream cut samples are col-
lected. One technique that can be used as a check of steady-state operation involves dividing the survey into two equal 
halves. Separate analysis and comparison of the two sample sets allows a quantitative assessment of stability. 

5.5        CIRCUIT DATA COLLECTION 

Minimal operating data are required to support the prescribed objective of determining the grinding circuit energy effi-
ciency, as described above. Aside from the data generated by the analysis of samples (feed moisture content, hardness, 
PSDs), the only additional data specifically required for efficiency analysis are circuit feed rate and total power con-
sumption measurements during the survey period. Accurate power measurement is critical to the success of the 
survey, so it is important to fully understand the power measurement methodology (e.g., motor input or output power, 
amperage, variable frequency drive input or output power). The Bond and Morrell methods reference specific energy 
values are based on mechanical power measured at the pinion (or mill shell), and the survey power draw measure-
ments needs to be mathematically corrected to that same basis. The conversion process and drive specific correction 
factors are presented in a technical article by Doll (2022). 

Each grinding circuit survey is an opportunity to collect additional, optional information that describes the circuit oper-
ating condition, providing valuable context for future circuit optimization efforts. Consequently, the practitioner should 
consider collecting the same data as would be required for a full grinding circuit survey. A significant volume of these 
data can often be collected from a data historian or the process control system, while other information needs to be 
generated from manual checks and measurements on equipment—in many cases requiring a temporary circuit shut-
down. These measurements should be performed while the circuit is off-line to collect the mill feed sample and all 
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information should be based on measurements rather than anecdotal or supplier-provided values. This supplementary 
information—not expressly required for the efficiency analysis step—is noted as optional in the Table 4. 

All surveys Required data 
• Circuit fresh feed tonnage rate (dry)  
• Motor power draw as mechanical power (see relevant topics below)

SAG mill data Required data 
• Power draw (or motor current and voltage measured at the motor leads) 
• Fresh feed tonnage rate 
• Total feed tonnage rate (fresh feed + pebble recycle) 
• Feed moisture content 
Optional data 
• Discharge screen/trommel panel aperture 
• Feed conveyor imaging software 100, 90, 80...10% passing sizes 
• Feed water flow rate 
• Load weight (or bearing pressure indication) 
• Mill weight, load as measured by load cells or as inferred from bearing pressure 
• Sound (if available) 
• Field measurement of mill rotational speed in rpm 
• Grate/pebble port apertures (measurement of opening dimensions during mill inspection) 
• Ball charge level (measured after mill grind out) 
• Ball size 
• Total mill filling level (measured after mill crash stop)

Crushers (primary, 
secondary, tertiary, 
quaternary, pebble) 

Required data 
• Power draw (or motor current and voltage measured at the motor leads) 
• Tonnage rate (dry) 
• Feed moisture content 
Optional data 
• Closed-side setting

Rod/ball mill data Required data 
• Power draw (or motor current and voltage measured at the motor leads) 
• Feed tonnage rate (dry) 
• Feed moisture content 
Optional data 
• Inside liner diameter confirmation, which changes with liner wear 
• Feed water addition rate 
• Field measurement of mill rotational speed in rpm 
• Discharge density (field measurement of pulp density by Marcy scale or laboratory 

analysis) 
• Rod/ball charge level 
• Rod/ball size

Screens Optional data 
• Screen panel % open area 
• Panel aperture 
• Power or current draw 
• Water flow rate

Table 4. Supplementary Information for Efficiency Analysis 
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5.5.1       Measurement of Mill Charge Levels (Optional Data) 

Measuring charge levels at the time of the survey provides information that is useful to diagnose the observed circuit 
performance, but these optional data are not required in the analysis of total circuit energy efficiency using the Bond or 
Morrell methods. 

In order to measure the ball charge level of any tumbling mill or the total volumetric filling level of an AG or SAG mill, the 
mill needs to be stopped under controlled conditions and made available for inspection. As a result, this information 
should be collected only when deemed necessary or convenient. 

Site isolation and confined space entry procedures should be followed prior to and during a mill inspection to confirm 
the safety of personnel and equipment. Measuring total volumetric filling requires a crash stop of the mill, which entails 
the immediate stoppage of water flows, recirculating loads, and fresh feed flows into the mill at the same time the mill 
is stopped. Ball charge measurements require grind outs to make sure the ball load is exposed and free of unbroken 
ore particles. Grind-out times are site and mill specific, but typically range from 20 to 60 minutes. 

Once the necessary preparations have been made to allow safe access to the mill, the charge level can be measured. 
There are several methods to do this; however, the most accurate method that can eliminate the risks associated with 
SAG mills is laser scanning the interior of the mill to create a 3D survey. If a laser scanner is not available, then chord 
measurements should be made across the exposed surface area of the charge and measurement or estimation of the 
free height between the charge and the mill shell at its highest point. Additionally, it is possible to estimate the charge 
level by counting the number of exposed shell lifters. All of these methods are contained in the “Moly-Cop Tools Media 
Charge Level Spreadsheet for Calculating Mill Load Levels” spreadsheet (provided with the permission of Moly-Cop, see 
Section 3) along with the necessary calculations to convert the measurements into an estimate of volumetric filling lev-
els. 

If the mill is shut down for inspection or charge measurement, photographs of the liners, charge, and grates should be 
taken. These photographs can provide useful information and a record of the operating conditions inside the mill. 

Having measured the ball charge level and the mill filling level in the case of AG or SAG mills, it can be desirable to cal-
ibrate a power draw prediction model for the mill. This requires an estimate of the average mill shell liner thickness to 
allow the effective mill diameter inside liners to be calculated. This estimate can be generated using the mill liner sup-
plier’s techniques for measuring the in-situ liner profile, or from an estimate of worn liner thickness based on typical 
shell liner service life.

Cyclones Optional data 
• Feed sump level 
• Feed sump dilution water flow rate 
• Feed pump speed 
• Feed pump amps 
• Feed density 
• Feed flow rate 
• Feed mass flow 
• Pressure 
• Number of operating cyclones 
• Liner dimensions (inlet opening, vortex, spigot) and cyclone dimensions (diameter, length, 

and angle)

Table 4. Supplementary Information for Efficiency Analysis (continued)
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6. SAMPLE PROCESSING 

6.1        CONVEYOR SAMPLES 

For mill feed conveyor samples, wet weigh the entire sample, then air dry or oven dry at a suitable temperature oven to 
remove only the free moisture, and then reweigh to determine moisture content. The size of the sample requires a large 
walk-in drying oven or large indoor open space.  

Although the typical drying temperature is <105°C, the drying temperature is dependent on the ore and its constituent 
mineralization. Drying temperature should not cause chemical alteration of mineralization or gangue (e.g., oxidation of 
sulphides ore carbonate, destruction of crystalline hydrates). Samples dried at too low a temperature can retain hygro-
scopic moisture in the finest size fractions (sub 150 μm) and thereby understate true free moisture content. 

Care should also be taken to make sure that no evaporation of free moisture or water ingress occurs between sampling 
and sample wet weighing to prevent bias in moisture determination. 

1 Following drying and weighing, dry screen the entire sample at 12.7 mm. 

2
Wet screen the resulting +12.7 mm size fraction at 12.7 mm to remove attached or agglomerated fines, and 
filter, dry, and deagglomerate the wet screen undersize and combine with the –12.7 mm dry screen fraction.

3

Dry the +12.7 mm wet screen fraction at <105 °C, then screen on 250, 200, 175, 150, 125, 100, 75, 50, 37.5, 
25.4, and 19 mm screens and weigh. Screen the entire +12.7 mm size fraction. Particles larger than 75 mm 
can also be screened manually using “one hole” square opening screens if large screens are not available. 
These are typically made of plywood or a bucket lid. Particles smaller than 75 mm are typically screened 
using a multiscreen sieve shaker. Make sure that the screen panels are not overloaded so that suitable 
screening efficiency is maintained.

4
Weigh the entire –12.7 mm fraction, then blend and subsample to 20–25 kg using a 12 or 24 cup rotary 
splitter. Run the rotary splitter such that at least 50 cuts are taken from the feeder. 

5

Wet screen the +1.7 mm size fraction at 1.7 mm to remove any attached or agglomerated fines. Treat the 
wet –1.7 mm material with flocculant, decant, filter, dry, weigh, and de-lump, and then recombine with the 
dry –1.7 mm material. Dry the combined sample at <105°C and weigh the wet +1.7 mm material.

6

Dry screen the resulting –12.7 +1.7 mm size fraction on 9.5, 6.7, 4.75, 3.35, 2.36, and 1.7 mm screens and 
then weigh. Check the total losses up to this point to make sure good procedures are being followed and to 
maintain sample accounting. 

7

Blend the entire –1.7 mm fraction using a V-blender or similar, then pass at least five times through a 
Jones splitter or pass through a rotary splitter. Subsample the total –1.7 mm fraction to approximately 
500 g using a 12–24 cup rotary splitter. 

8

Weigh the 500 g subsample. If possible, pre-screen at 0.15–0.30 mm to reduce the subsample mass and 
then wet screen at 0.038 mm. If pre-screening is not possible, then do the 0.038 mm wet screening in 0.15 kg 
(maximum) portions to avoid overloading the test screen and causing premature wear and failure of the 
0.038 mm wire mesh. Do not flocculate the wet –0.038 mm material; instead, filter, dry at <105°C, and weigh.

9
Dry screen the resulting –1.7 + 0.038 mm size fraction on 1.18, 0.850, 0.600, 0.425, 0.300, 0.212, 0.150, 
0.106, 0.075, 0.053, and 0.038 mm screens and weigh.

10
Add the deslime fraction to the –0.038 mm screened size fraction to allow calculation of the belt cut 
sample PSD.
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Procedure to determine the PSD. Note that the temperature in this procedure is used as an example and can vary 
depending on the ore. 

Table 5 demonstrates the process, described above, of screening a belt conveyor sample to determine the PSD of the 
crushed ore being fed to a SAG mill. 

Screen Size Kilograms Weight1 Individual 
Retained 

Wt %

Cumul. 
Retained 

Wt %

Cumul. 
Passing 

Wt %

Notes
Tyler M & 

μm
Inches 
or US 
mesh

US Std. 
μm

split for 
screening

Total 
Sample

10" 254000 0.00 0.00 0.00 0.00 100.00
8” 203200 0.00 0.00 0.00 0.00 100.00

6” 152400 0.00 0.00 0.00 0.00 100.00

5” 127000 0.00 0.00 0.00 0.00 100.00

4” 101600 0.00 0.00 0.00 0.00 100.00

3” 76200 0.00 0.00 0.00 0.00 100.00 100% passing 3” feed

2” 50800 1.15 1.15 0.35 0.35 99.65

1.5” 38100 19.26 19.26 5.81 6.15 93.85

1” 25400 124.65 124.65 37.57 43.72 56.28

0.75” 19050 26.42 26.42 7.96 51.69 48.31 Screen whole sample on

0.5” 12700 47.91 47.91 14.44 66.13 33.87 12.7 mm. Dry, wet, dry

0.375” 9525 3.35 20.32 6.13 72.25 27.75 Subsample –12.7 mm
6724 (3M) 0.25” 6350 4.11 24.91 7.51 79.76 20.24 to give 20–25 kg portion

4755 (4M) No 4 4750 1.92 11.61 3.50 83.26 16.74

3362 (6M) No 6 3350 1.79 10.84 3.27 86.53 13.47

2377 (8M) No 8 2360 1.35 8.18 2.47 89.00 11.00 Screen 25 kg subsample

1681 (10M) No 12 1700 0.90 5.47 1.65 90.64 9.36 on 1.7 mm. Dry, wet.

1189 (14M) No 16 1180 94.9 5.57 1.68 92.32 7.68 Subsample –1.7 mm to 
give 500 g portion.841 (20M) No 20 850 62.4 3.66 1.10 93.43 6.57

594 (28M) No 30 600 47.7 2.80 0.84 94.27 5.73
420 (35M) No 40 425 42.9 2.52 0.76 95.03 4.97

297 (48M) No 50 300 34.3 2.01 0.61 95.63 4.37

210 (65M) No 70 212 30.5 1.79 0.54 96.17 3.83

149 (100M) No 100 150 26.9 1.58 0.48 96.65 3.35
105 (150M) No 140 106 22.1 1.30 0.39 97.04 2.96

74 (200M) No 200 75 23.2 1.36 0.41 97.45 2.55

53 (270M) No 270 53 21.6 1.27 0.38 97.83 2.17 Screen 500 g subsample 
on 0.038 mm2. Wet, dry37 (400M) No 400 38 17.9 1.05 0.32 98.15 1.85

Pan No -400 –38 104.8 6.15 1.85 100.00 100.00

Total 331.75 100.00
1 14 mesh through 400 Tyler mesh split (bold italics) weights are in grams, not kg. 
2 Use <150g portions if pre-screening not possible.

Table 5. US Standard and Tyler Mesh PSD Data Example for Feed Belt Sample and Subsamples
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6.1.1       SAG Mill Feed Sample Coarse Rock Sample Size 

The coarse rock samples from approximately 7–15 mm of the conveyor belt on coarse screens (250, 200, 175, 150, 
125, 100, and 75 mm). Discard the –75 mm fraction, then calculate the full individual stream PSD, taking weighted aver-
ages of the belt cut and coarse rock samples. 

6.2        SLURRY SAMPLES 

6.2.1       Coarse Slurry Stream Samples 

Analyze coarse slurry stream samples such as new mill feed from wet screen undersize using the following procedure: 

6.2.2       Fine Slurry Stream Samples 

Analyze fine slurry streams such as cyclone overflow using the following procedure:

1 Wet weigh each slurry sample and then pressure filter and dry. Weigh the dry sample and calculate the 
percent solids. 

2 Screen each entire sample at 2.36 mm. Dry screen the entire +2.36 mm fraction on 25.4, 19.0, 12.7, 9.5, 
6.7, 4.75, 3.35, and 2.36 mm screens and weigh. Weigh the –2.36 mm fraction and subsample (rotary 
split) to 3 kg. Weigh this subsample, dry, reweigh, and wet screen at 0.038 mm. Dry both samples and 
screen the +0.038 mm fraction over the following sizes: 1.70, 1.18, 0.850, 0.600, 0.425, 0.300, 0.212, 
0.150, 0.106, 0.075, 0.053, and 0.038 mm. Sieving time should be approximately 30 minutes. 

3 Record final dry weights retained on each screen.

4 Combine the –0.038 mm material from both wet and dry screening to obtain the total amount of 
material within this fraction.

1 Wet weigh samples and then pressure filter and dry. Weigh dried samples and calculate the percent 
solids. Riffle out and weigh a subsample of approximately 1 kg. 

2 Wet screen the sample at 0.038 mm. Filter, dry, and weigh both oversize and undersize; record dry 
weights. Dry screen the +0.038 mm fraction over the following sizes: 1.70, 1.18, 0.850, 0.600, 0.425, 
0.300, 0.212, 0.150, 0.106, 0.075, 0.053, and 0.038 mm. Sieving time should be approximately 
30 minutes.
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7. DATA ANALYSIS 

Prior to evaluating and summarizing specific energy values for the comminution circuit, conduct a final review and val-
idate all data, including operating data collected during the sampling period, PSDs of the survey samples, and power 
data. 

Review operating data for the one-hour period prior to the survey and for the survey period (see Section 6.2 for the list 
of key operating variables) for circuit instability that might have gone unnoticed during the survey. Upward or downward 
trends or variability greater than normal operating ranges indicate that the process was unstable, and survey results 
can be unreliable. 

Plot the PSD of the feed and product samples and confirm that the PSD plots have no step changes or abnormal dis-
tributions in the coarse or fine fractions that could indicate improper sampling methods or locations, equipment 
inefficiencies, or maintenance issues. 

Prior to calculating circuit specific energy, review the source and measurement method of all power data (e.g., motor 
input or output, shell power, pinion power, variable frequency drive supply, conversion of current to power), so that total 
circuit power can be correctly reconciled. 
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ANNEX A: DETERMINING THE SAMPLE MASS REQUIRED FOR SIZE 
ANALYSIS AND THE MEASUREMENT PRECISION  

(REPRINTED FROM NAPIER-MUNN ET AL. (1996) WITH PERMISSION FROM THE DIRECTOR, JULIUS 
KRUTTSCHNITT MINERAL RESEARCH CENTRE, CONFIRMED FOR R2 BY THE DEPUTY DIRECTOR - PRODUCTION)

Chapter 5:  Surveying Comminution Circuits 
 

 
The problem is really a statistical one, since it depends on the nature and magnitude of 
the errors which accumulate when collecting and processing a sample.  Some of the 
errors and disturbances which can contribute to overall error in determining some 
quantity such as a solids concentration or particle size distribution are: 
 
1. Plant dynamics.  Processes are rarely in steady state, and sampling policy must be 

determined accordingly.  A ‘snapshot’ sample may be appropriate for a single 
device with essentially no dynamics, such as a crusher or hydrocyclone, but a 
circuit is usually sampled by accumulating a number of incremental samples taken 
over 1-2 hours to ‘smooth out’ disturbances in the process. 

 
2. Sample cutter design - see Section 5.2.4. 
 
3. Sub-sampling a primary sample. 
 
4. Analytical errors, e.g. weighing, screens with worn or incorrect apertures, 

inadequate screening time, incorrect calibration or selection of constants, etc. 
Such errors are more common than generally admitted (see also Appendix 3). 

 
5. The propagation of error when calculating quantities - see Section 5.2.3. 
 
6. The fundamental statistical uncertainty (error) involved in choosing a small, finite 

sample to represent the properties of a large (effectively infinitely large) 
population - see Section 5.2.2. 

 
The surveyor has some control over the first five of these, but essentially no control 
over the fundamental error (FE) which is a statistical property of the particulate system 
being studied.  The object of any sampling and analysis exercise should therefore be to 
minimise the effects of items 1 - 5 so that their contribution to overall error is small 
relative to FE.  The size of sample is then chosen to achieve the required confidence in 
the light of the prevailing FE. 
 
Sampling statistics is a complex topic.  Gy (e.g. 1976) has developed a widely-used 
theory of particulate sampling, which has been adapted and described by Pitard (1993), 
who also discusses many other aspects of sampling such as cutter design. 
 
5.2.2 Size of Sample for Size Analysis 

How large a sample of solids from a process stream should be presented for size 
analysis?  One answer is:  as large as possible, since this will maximise the reliability 
of the final result.  In practice, however, the selection of sample size is a pragmatic 
compromise between economics (the cost of collecting and processing the sample) and 
the confidence needed in the answer. 
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Chapter 5:  Surveying Comminution Circuits 
 

 
Chapter 18 of Pitard’s book deals specifically with sampling for size analysis.  
However, to give a simple estimate of the order of sample size required to 
accommodate the FE, Barbery (1972) derived an expression based on Gy’s theory, 
which is easy to use: 
 

    
M  =   

f ρ dm
3

θ2 P  (5.1) 
 
where M = mass of sample required (g) 
  f = shape factor for material (0 < f < 1) 
  ρ = density of material (g/cm3) 
  dm = mean size in size range of interest (cm) 
  P = expected proportion of material in size range of interest (to be 

measured) 
  θ = standard deviation of the number of particles in that size range. 
 
(The variance θ2 is essentially the FE referred to earlier). 
 
These terms require some explanation.  The shape factor of a single particle is  
f  =  m/ρd3.  f = 0.1 for flat, plate-like particles and approaches 1 for spheroidal 
particles.  For most natural ores and coal, 0.3 < f < 0.7, and 0.6 is not a bad guess in 
many cases. 
 

  dm
3

 can be calculated as (Barbery 1972): 
 

    
dm

3   =   
d1

3 +  d2
3

2  (5.2) 
 
where d1 and d2 are the limiting sizes of the size range of interest.  The size range of 
interest is that which is likely to have the least number of particles in it, which is nearly 
always the coarsest size interval.  This ensures that the error on the proportions 
estimated for the other size intervals will always be less than this, thus ensuring a 
conservative choice.  However, it is pointless to choose an interval with practically no 
material in it.  A good rule of thumb is that the coarsest size interval should be chosen 
to give P ≈ 5%. 
 
θ is determined from the precision of estimation and confidence required: 

    
θ  =   

φ
z    (5.3) 

where φ = chosen precision (relative proportion) 
  z = normal ordinate at the chosen confidence level. 



Global Mining Guidelines Group (GMG)

28  |  METHODS TO SURVEY AND SAMPLE GRINDING CIRCUITS FOR DETERMINING ENERGY EFFICIENCY  

Chapter 5:  Surveying Comminution Circuits 
 

 
Table 5.1 gives values of z for different confidence levels. 
 

Table 5.1:  Normal ordinates (from the normal distribution) 
 

Confidence Level (%) z 

50 0.6745 

80 1.2816 

90 1.6449 

95 1.9600 

99 2.5758 

99.9 3.2905 
 

A confidence level of 90% (z = 1.64) is usually adequate.  The definition of θ is 
interpreted as follows:  if the proportion of material expected to lie in the coarsest size 
range is 5% (P = 0.05), and we want to estimate this to a precision of 10% relative with 
90% confidence, then 
 

   
θ  =   

10/100( )
1.64

  =   0.061,   and P  =  5%  ±  0.5%,  with  90%  confidence.
 

 
Example 5.1:   A SAG mill trommel oversize stream in a base metal concentrator is to 
be sampled in a plant survey to determine its size distribution.  It is expected that all 
the material will be less than 50mm, and about 10% will lie in the (top) screen size 
range - 50 + 25mm.  How much sample should be screened to ensure 90% confidence 
of determining this proportion to a relative precision of 20%?  (ie. P ≅ 10 ± 2%). 
 

   
dm

3   =   
53 +  2.53

2
  =   70.3 cm3

 
 
 θ  =  0.2/1.64  =  0.122. 
 
Trommel oversize from SAG mills is often quite rounded, so assume f = 0.7.  Also 
ρ = 3.0 and P = 0.10.  Substituting these values in equation 5.1 gives M = 99kg.  This 
is a large sample and demonstrates the uncertainties in sizing coarse material.  If the 
size interval had been -5 + 2.5mm, M = 99g, because of the much larger numbers of 
particles per unit mass at this finer size.  The calculated mass is also conservative, 
because the coarsest fraction and smallest mass proportion (10%) is very much the 
worst case; the other size intervals would have much better precision. 
 
Clearly equation 5.1 can be re-arranged to calculate the precision or confidence limits 
on an actual result: 



Global Mining Guidelines Group (GMG)

METHODS TO SURVEY AND SAMPLE GRINDING CIRCUITS FOR DETERMINING ENERGY EFFICIENCY  |  29 

Chapter 5:  Surveying Comminution Circuits 
 

 

 
3
mf ρ dθ =

MP
 (5.4) 

 
Example 5.2 :  In the preceding example, only 10kg was screened, and the amount in 
the -50 + 25 mm fraction was found to be 14.5%.  What are the 90% confidence limits 
on this result? 
 

M  =  104 g, and P = 0.145.  From equation 5.4, θ = 0.319 and thus the 90% 
confidence limits are ± 0.319 x 1.64 x 14.5 = ± 7.6%, ie. the 90% confidence interval is 
(14.5 - 7.6)% to (14.5 + 7.6)%.  The relative precision is therefore 7.6 x 100/14.5 = 
52% - very poor! 
 
Clearly the FE for size analysis is really only an issue in the coarsest sizes, ie. in 
crushing, AG/SAG milling and coarse rod and ball milling.  For flotation or fine 
gravity concentration streams and in fine grinding, the FE can be accommodated with 
only a few grams of material, or less, and the size of sample is then determined more 
by the other sources of error than by the FE.  For very coarse materials, the required 
sample size will be larger than it is practicable to process in a reasonable time-frame 
(typically 5 tonnes for a 200mm top size), and some compromise is generally sought.  
Means by which an acceptable estimate of run-of-mine (ROM) sizing can be obtained 
are discussed in Section 5.4.2. 
 

5.2.3 Propagation of Error in Calculated Quantities 

Some quantities in a survey will be calculated rather than measured.  A good example 
is solids concentration in a slurry.  Although it is advisable to ‘measure’ it directly by 
dewatering and drying a sample of slurry, it is sometimes inferred from a slurry density 
measured with a Marcy scale.  The solids concentration by weight, Cw , is then given 
by 
 

 
  
Cw =

ρs(ρp − 1)
ρp(ρs − 1)

  (5.5) 

 

where ρs and ρp are the solids and slurry densities respectively, with water as the fluid. 
 
Assuming the errors in measuring or ‘knowing’ ρs and ρp are small, the law of partial 
differentiation states that  
 
 

  
δCw  =  

∂Cw
∂ρs

⋅ δρs +
∂Cw
∂ρp

⋅ δρp  (5.6) 
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