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Heap Leaching is well-proven and 
an increasingly accepted process 
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• The goal is to ensure its successful 

implementation and overall performance 



“You can see a lot by just looking.” 

     ….. Yogi Berra 
 

“A heap leach is only as successful as the 

conceptual design is correct.” 
 

“It is an inherenlty inefficient process made 

efficient with the judicious use of time and 

space.” 
 

The result of not paying attention to all the 

details is about a 10 % to 30 % under-

performance relative to the projected 

production. 
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Misconceptions about Heap Leaching 

• It is a simple process 

• It is a flexible process 

• Large bulk samples and pilot plants are 

required 

• While it is true the bacteria required to 

catalyze the oxidation of ferrous iron are 

aerobic, it is not necessarily true that one 

must use forced aeration. 
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So, what is required? 
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• This requires determining the key ore 
characteristics on representative samples, and 

 

• Conducting well-focused metallurgical testing 
that defines the key design parameters 

 
 

A strict discipline applied to  

assessing the “leachable” character 

of the Resource  
 

 

 



“Conceptual Design” Development Strategy 
The Three-legged Stool Analogy 

Resource Evaluation 

Hydraulic Characterization 

Metallurgical Testing 

Representative Sample 
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The first leg – Resource Evaluation 

Resource Evaluation 

Hydraulic Characterization 

Metallurgical Testing 

Representative Sample 
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Resource Evaluation 

• It is critical the Owner understand that the 
development of a heap leach resource is a 
multi-disciplined endeavor, 

– Mining, geology and metallurgy must all work 
together to achieve the primary goal.   
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Resource Evaluation (cont.) 
• The first order of business is for the geologist and 

the metallurgist to understand, 
– The geology 
 

– The mineralogy, 
 

– The geologic domains, and 
 

– Their interactions   

• This can only be accomplished by drilling core 
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Principal Steps in Resource Evaluation 

• Mapping the geologic domains (key resource 
parameter);  
– Lithology,  
– Mineral zones, and 
– Alteration 
 

• Determining the “soluble” mineralogy by domain 
(a key economic parameter) 

 
• Determining the reagent consumption by domain 

(an equally key economic parameter) 
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Geologic Domains 

• Lithology 

 

• Mineral Zones 

 

• Alteration 
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Lithology 
 

 

 

 

 

 

 

 

 

 

 

 
    

rp=rhyolite porphyry; di=diorite; gdp=granodiorite porphyry; bx=breccia; volc=volcanic 
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Diagram from Preece, et al., 1999 



Mineral Zones 
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Diagram from Preece, et al., 1999 



Alteration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

       

 

Qtz-ser=quartz sericite; sil=siliceous; arg=argillic; K=potasic; chl-ser=chlorite sericite; prop=propyllitic 
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Diagram from Preece, et al., 1999 



Implications of Alteration 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Scheffel (2003) 
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Soluble Mineral Content 

• A key economic rock model input 

 

• There are two options; 

– Classical mineralogy 

– Diagnostic Assays  
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Classical Mineralogy 

• Optical Microscopy – polarizing and stereo 
 

• XRD – both qualitative and quantitative 
 
• SEM/EDS -  good for textures and phases but mostly 

semi-quantitative 
 
• Automated Mineralogy 

– QemScan 
– MLA 
– Tescan TIMA 
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Diagnostic Assays 

• Acid Soluble – ASCu 
 

• Cyanide Soluble – CNCu 
 

• Ferric Soluble – FSCu 
 

• “Sequential” – ASCu + CNCu + CuT(residue) 
 

• “Partial Leach” – FSCu, CNCu, CuT  
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Cautions 

• One must always start with known mineralogy 

• Then match any “diagnostic” assay (or combination of 
assays) to the specific resource 

• Then the Owner must investigate and understand the 
exact procedure used by the laboratory 

• These methods must be considered semi-quantitative, 
but can become nearly quantitative if strict procedures 
are applied 
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Reagent Consumption 

• A key economic rock model input  

 

• Driven primarily by gangue mineralogy 

 

• Need to develop an understanding of 
approximate reagent consumption very early 
in the resource evaluation  
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Host Rock Acid Consuming Character 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Dreier (2013) 
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Empirical Acid Consumption Tests 

• Iso-pH Test 

• Acid Cure/Agglomeration Tests 
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The second leg - Hydraulic Characterization 

Resource Evaluation 

Hydraulic Characterization 

Metallurgical Testing 

Representative Sample 
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Hydraulic Characterization 

• The vital “third” leg to the three-legged Stool 

• The most significant development in heap 
leaching the last 12 years 

• The most “critical” item to define prior to 
conducting column testing 

• Not understanding the hydraulic character of 
the ore is a primary reason for heap leach 
failure 
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Key Hydraulic Parameters 

• Particle Size Distribution  

– Physical size of particles 

– Distribution of metal value by size fraction 

• Dry Bulk Density 

– And how it varies with load 

• Moisture retention 

–  its role in achieving optimum agglomerate quality 

–  its impact on heap solution and metal inventory 
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Required Test Procedures 

• Stacking Test™ 

 

• Hydrodynamic Column Test™ 

 

TM – trade mark of HydroGeoSense 
Guzman (2013) 
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Stacking Test 

• The minimum preliminary testing which 
proves whether the ore is a likely candidate 
for heap leaching, and 

 

• Indicates the approximate conditions of ore 
depth and moisture attenuation requirements 
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Minimum Requirements 

• A porosity  of the ore bed of > 30% 

 

• For a single-lift leach a saturated hydraulic 
conductivity of 100 times the design 
application rate 

 

• For a multiple-lift leach a saturated hydraulic 
conductivity of 1000 times the design 
application rate 
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Hydrodynamic Column Test 

• The HCT determines the sample’s key hydraulic 
parameters; 
– Hydraulic conductivity curve 

– Air conductivity curve 

– Solution content (% saturation) 

– Pore pressure 

– The drain down curve 

– The micro- and macro-porosity (which ideally 
should be a 50/50 distribution) 
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The Goal – Optimum Agglomeration 
Fully Agglomerated (Level 5) Partially Agglomerated (Level 2) 
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The Result 
Effect of Agglomeration Quality on Application Rate 
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The Result 
Effect of Agglomeration Quality on Air Conductivity Rate 
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The third leg - Metallurgical Testing 

Resource Evaluation 

Hydraulic Characterization 

Metallurgical Testing 

Representative Sample 
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Metallurgical Testing 

• Volume is not superior to quality of testing and 
the representativeness of the sample 

 

• Therefore, focused testing on core can be a 
better approach 

 

• It is critical to understand that no individual 
column test (or series of tests) can definitively 
provide the key design parameters  
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Metallurgical Testing (cont.) 

• Sample Preparation is critical 
 

• For “comparative” type column tests the PSD 
and ore grade must be nearly identical 

 

• Also, the hydrodynamic character of the ore is 
affected by the PSD, especially the “fines” 
content, i.e. -75 micron. 
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Personal Opinions on Met Testing 

• If the preliminary Resource Evaluation supports 
heap leaching, then  

 

• One can use the hydrodynamic testing, diagnostic 
assaying and acid consumption data developed 
on core intervals and go directly to “full-depth” 
column testing 
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Personal Opinions on Met Testing 
• With this approach to development, there is little 

utility in cost, time or knowledge gained in 
conducting; 
– Bottle roll tests 

– Short column tests 

– Pilot heaps 
 

• The development of diagnostic assays, empirical 
acid consumption testing and the hydraulic 
characterization, combined with experience, can 
greatly reduce the historical approach to the 
typical heap leach development testing program 
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Variability Testing 

• What variable are you testing? 

 

• Are the “variable” conditions you are testing 
valid? And finally, 

 

• Will it accomplish the primary goal of  
reducing risk? 
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What are the key Operational Variables? 

• Ore Grade – affects recovery due to 

inadequate leach cycle time 
 

• Mineralogy – affects recovery and leach cycle 

time 
 

• Acid Consumption – affects cost, 

degradation and leach cycle time 
 

• Alteration – affects recovery 
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Operational Variables (cont.) 

• Moisture – affects agglomeration quality and 

leach cycle time 
 

• Particle Size Distribution – affects 

hydraulic wetting behavior and recovery 
 

• Operating Conditions – solution application, 

pressure distribution, head differential, climatic 

temperature conditions – all affecting leach cycle 

time. 
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In Summary 
• The Proposed Development Strategy 

– To achieve the best overall picture of the Resource 
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Proposed Development Strategy 

• Drill resource with HQ Core on 2 m interval 
 

• Photo, log, and archive select section of core 
 

• Prepare all remaining 2 m core interval to P80 
25mm 

 

• Conduct “diagnostic” assays on each interval 
 

• Conduct “empirical” acid consumption Iso-pH 
test on selected rock type intervals 
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Development Strategy (cont.) 

• Conduct selective QXRD and Normative 
mineralogy to identify the alteration style 

 

• Wait till all the above data is complete, compiled 
and tabulated 

 

• Then select appropriate different rock types for 
hydraulic characterization 

 

• Do not organize metallurgical testing program 
until the hydraulic characterization is complete 

 

 

© 2013 Randolph E. Scheffel – All Rights Reserved 

II International Meeting on Metallurgy, Peru, Nov 2013 



Development Strategy (cont.) 

• Then design the tall column test program 
consistent with the dry-bulk density, depth, 
and acid pre-treatment established by the 
previous work 

 

• The geologic rock modeling can then be 
completed which can be defended and 
support a pre-feasibility or even a “bankable” 
feasibility study 
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Diagram from Preece, et al., 1999 

Diagram from Preece, et al., 1999 

Diagram from Preece, et al., 1999 

Resource Evaluation

Hydraulic Characterization

Metallurgical Testing

Representative Sample



© 2013 Randolph E. Scheffel – All Rights Reserved 

II International Meeting on Metallurgy, Peru, Nov 2013 

Thank you! 


