	JORC Code Table 1 – Application to Uranium reporting

	Criteria

	Explanation

	Uranium Application


	Sampling Techniques and Data

(criteria in this group apply to all succeeding groups)


	Drill sample recovery.

	· Whether core and chip sample recoveries have been properly recorded and results assessed.

· Measures taken to maximise sample recovery and ensure representative nature of the samples.

· Whether a relationship exists between sample recovery and grade and whether sample bias may have occurred due to preferential loss/gain of fine/coarse material.

	A statistically significant suite of core samples taken from the orebody, with the uranium and gangue mineralogy identified and assayed, along with petrophysical analysis undertaken.  These same drillholes should be logged by the PFN to establish the correlation between direct sample and indirect method, while recognising the different effective sampling volumes. Where Gamma logging has been used and given the gamma log is measuring the gamma producing daughter products, the presence uranium bearing minerals should  be established and relationship with Uranium mineralogy identified. "Where Gamma logging has been used and given the gamma log is measuring the gamma producing daughter products, the presence uranium bearing minerals should  be established and relationship with Uranium mineralogy identified.

	Logging.

	· Whether core and chip samples have been logged to a level of detail to support appropriate Mineral Resource estimation, mining studies and metallurgical studies.

· Whether logging is qualitative or quantitative in nature. Core (or costean, channel etc.) photography.

	Logging of actual drill samples to determine the uranium mineralogy, and associated gangue mineralogy. For potential in situ leach (‘ISL’) mining methods the stratigraphy, and petrophysical properties should be logged. 

	Sub-sampling techniques and sample preparation.

	· If core, whether cut or sawn and whether quarter, half or all core taken.

· If non-core, whether riffled, tube sampled, rotary split etc. and whether sampled wet or dry.

· For all sample types, the nature, quality and appropriateness of the sample preparation technique.

· Quality control procedures adopted for all sub-sampling stages to maximise representivity of samples.

· Measures taken to ensure that the sampling is representative of the in situ material collected.

· Whether sample sizes are appropriate to the grainsize of the material being sampled.

	Downhole logging approaches should be calibrated correctly both for the tool and operator as well as for the particular environment (eg water salinity etc). QA/QC methods apply to downhole logging, with repeats runs as well as regular calibration down “standard” holes and “calibration” holes.  For instance at the South Australian Government’s Department of Water, Land and Biodiversity Conservation manages the Adelaide Model (AM) calibration test pits and related facilities in the Adelaide suburb of Frewville.   
Downhole logging should also be twinned with actual samples taken to confirm the minerals giving rise to the downhole reading.

Specific calibration holes should be developed to calibrate PFN tools.



	Quality of assay data and laboratory tests.

	· The nature, quality and appropriateness of the assaying and laboratory procedures used and whether the technique is considered partial or total.
· Nature of quality control procedures adopted (eg. standards, blanks, duplicates, external laboratory checks) and whether acceptable levels of accuracy (ie. lack of bias) and precision have been established.

	For all measurements, downhole and sampling ensure appropriate QA/QC procedures. 
Attempt to ascertain the volume of rock that is being measured by the downhole logging method. 

	Verification of sampling and assaying.

	· The verification of significant intersections by either independent or alternative company personnel.
· The use of twinned holes.

	Verify downhole logging measurement with actual core. 
Use twinned holes to determine small scale variability and verify overall sampling error. 

	Location of data points.

	· Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), trenches, mine workings and other locations used in Mineral Resource estimation.
· Quality and adequacy of topographic control.

	Quality of survey of the location of holes, levels of collar and downhole depths is just critical in uranium deposits

	Data spacing and

distribution.

	· Data spacing for reporting of Exploration Results.

· Whether the data spacing and distribution is sufficient to establish the degree of geological and grade continuity appropriate for the Mineral Resource and Ore Reserve estimation procedure(s) and classifications applied.
· Whether sample compositing has been applied.

	The spacing of data points for an ISL uranium deposit should be determined as for any other metalliferous deposit.  The geological formation, structure and grade continuity as well as porosity and permeability variations will determine the spacing required.  

	Orientation of data in relation to geological structures and the extent to which this is known, considering the deposit type.

structure.

	· Whether the orientation of sampling achieves unbiased sampling of possible structures and the extent to which this is known, considering the deposit type.

· If the relationship between the drilling orientation and the orientation of key mineralised structures is considered to have introduced a sampling bias, this should be assessed and reported if material.

	Sampling should be as near to perpendicular to mineralised strata or controlling structure as possible and confirmatory drilling at an alternate angle is recommended. 

	Audits or reviews.

	· The results of any audits or reviews of sampling techniques and data.

	A review or sampling audit can and should be undertaken. 

	Estimation and Reporting of Mineral Resources

(criteria listed in the first group, and where relevant in the second group, apply also to this group)

	Database integrity.

	• Measures taken to ensure that data has not been corrupted by, for example, transcription or keying errors, between its initial collection and its use for Mineral Resource estimation purposes.

• Data validation procedures used.
	Applies equally to uranium deposits

	Geological interpretation
	• Confidence in (or conversely, the uncertainty of) the geological interpretation of the mineral deposit.

• Nature of the data used and of any assumptions made.

• The effect, if any, of alternative interpretations on Mineral Resource estimation.

• The use of geology in guiding and controlling Mineral Resource estimation.

• The factors affecting continuity both of grade and geology.

	The geological interpretation is fundamental to the resource estimate, and particularly so for mobilised or secondary uranium deposits. Understanding the controls on mineralisation, structure, and form are critical to the interpretation of the extent of the mineralisation and thus the mineral resource. 

	Dimensions.
	• The extent and variability of the Mineral Resource expressed as length (along strike or

otherwise), plan width, and depth below surface to the upper and lower limits of the Mineral Resource.
	Equally applicable to Uranium deposits

	Estimation and modelling techniques.

	• The nature and appropriateness of the estimation technique(s) applied and key assumptions, including treatment of extreme grade values, domaining, interpolation parameters, maximum distance of extrapolation from data points.

• The availability of check estimates, previous estimates and/or mine production records and whether the Mineral Resource estimate takes appropriate account of such data.

• The assumptions made regarding recovery of by-products.

• Estimation of deleterious elements or other non-grade variables of economic significance (e.g. sulphur for acid mine drainage characterisation).
In the case of block model interpolation, the block size in relation to the average sample

spacing and the search employed.

• Any assumptions behind modelling of selective mining units.

• Any assumptions about correlation between variables.

• The process of validation, the checking process used, the comparison of model data to

drillhole data, and use of reconciliation data if available.

	This is equally or even more applicable for Uranium deposits. 
The published accounts of resource modelling used in the Uranium industry are generally simplistic (often a form of polygonal estimate) and could benefit from some of the approaches used in the wider industry.

Domaining, interpolation and extrapolation are extremely important aspects in uranium estimation.

Attention should be paid to gangue mineralogy, as well as physical properties of the rock. 



	Moisture.

	• Whether the tonnages are estimated on a dry basis or with natural moisture, and the method of determination of the moisture content.

	Ground water level, quality and transmissivity are critical.

	Cut-off parameters.

	• The basis of the adopted cut-off grade(s) or quality parameters applied.

	Cutoff grade will apply, although tailored to ISL.

	Mining factors or assumptions.

	• Assumptions made regarding possible mining methods, minimum mining dimensions and. internal (or, if applicable, external) mining dilution. It may not always be possible to make

assumptions regarding mining methods and parameters when estimating Mineral

Resources. Where no assumptions have been made, this should be reported.

	The “mining” recovery, particularly for ISL, will be critical and this should be based on testwork and field trials.

	Metallurgical factors or assumptions.

	• The basis for assumptions or predictions regarding metallurgical amenability. It may not always be possible to make assumptions regarding metallurgical treatment processes and

parameters when reporting Mineral Resources. Where no assumptions have been made,

this should be reported.
	Metallurgical assumptions based on analysis from first principles in understanding the geology, mineralogy, porosity and permeability with confirmation from laboratory column leach tests and ultimately field leach tests. 

	Bulk density.

	• Whether assumed or determined. If assumed, the basis for the assumptions. If determined,

the method used, whether wet or dry, the frequency of the measurements, the nature,

size and representativeness of the samples.
	Establishing a bulk density has a significant importance in logging correction factors between the test models and the natural rock environment.  It can be quite difficult to determine and may  be quite variable in soft sediments. For ISL mining the bulk density is less important, however the weight percent of the assay is critical. 

	Classification.

	• The basis for the classification of the Mineral Resources into varying confidence categories.

• Whether appropriate account has been taken of all relevant factors. i.e. relative

confidence in tonnage/grade computations, confidence in continuity of geology and

metal values, quality, quantity and distribution of the data.

• Whether the result appropriately reflects the Competent Person(s)’ view of the deposit.

	Classification is crucial in any Resource estimate. Consideration of other parameters apart from grade continuity will also influence the Competent Person’s view of classification, e.g. for ISL deposits the confidence in the porosity and permeability will also contribute to determination of the classification.

	Audits or reviews.

	• The results of any audits or reviews of Mineral Resource estimates.

	Equally applicable in Uranium

	Discussion of relative 

accuracy/confidence.

	• Where appropriate a statement of the relative accuracy and/or confidence in the Mineral Resource estimate using an approach or procedure deemed appropriate by the Competent Person. For example, the application of statistical or geostatistical procedures to quantify the relative accuracy of the resource within stated confidence limits, or, if such an approach is not deemed appropriate, a qualitative discussion of the factors

which could affect the relative accuracy and confidence of the estimate.

• The statement should specify whether it relates to global or local estimates, and, if local, state the relevant tonnages or volumes, which should be relevant to technical and economic evaluation. Documentation should include assumptions made and the procedures used.

• These statements of relative accuracy and confidence of the estimate should be

compared with production data, where available.

	Equally applicable in Uranium, particularly where local estimates are relied upon, for instance in confidence in the estimates on which the field layout of leach cell patterns of ISL deposits.

	Estimation and Reporting of Ore Reserves

(criteria listed in the first group, and where relevant in other preceding groups, apply also to this group)

	Mineral Resource estimate for conversion to Ore Reserves.

	• Description of the Mineral Resource estimate used as a basis for the conversion to an Ore Reserve.

• Clear statement as to whether the Mineral Resources are reported additional to,

or inclusive of, the Ore Reserves.
	Equally applicable in Uranium

	Study status.
	• The type and level of study undertaken to enable Mineral Resources to be converted to Ore Reserves.

• The Code does not require that a final feasibility study has been undertaken to convert Mineral Resources to Ore Reserves, but it does require that appropriate studies will have been carried out that will have determined a mine plan that is technically achievable and economically viable, and that all Modifying Factors have been considered.

	Equally applicable in Uranium – of particular interest here is the level of field investigation to support the ISL mining method selection, have laboratory tests been undertaken, have field pump tests on the aquifer been undertaken and have field leach trials been completed and do the results support the assumptions used. 

	Cut-off parameters.

	• The basis of the cut-off grade(s) or quality parameters applied.

	Equally applicable in Uranium – using revenue factors and operating costs (should include field development costs)

	Mining factors or assumptions.

	• The method and assumptions used to convert the Mineral Resource to an Ore Reserve. (ie either by application of appropriate factors by optimisation or by preliminary or detailed design).

• The choice of, the nature and the appropriateness of the selected mining method(s) and other mining parameters including associated design issues such as pre-strip, access, etc.

• The assumptions made regarding geotechnical parameters (eg. pit slopes, stope sizes,

etc.), grade control and pre-production drilling.

• The major assumptions made and Mineral Resource model used for pit optimisation

(if appropriate).

• The mining dilution factors, mining recovery factors, and minimum mining widths used.

• The infrastructure requirements of the selected mining methods.

	Equally applicable in Uranium – particularly the assumptions around the well field layout, the recovery and flow rates, concentration of solutions etc. All of these assumptions will play into the capital and operating cost as well as the revenue produced. 
The field ramp up and depletion curves will also be critical to determination of viability. 

	Metallurgical factors or assumptions.

	The metallurgical process proposed and the appropriateness of that process to the style of mineralisation.

• Whether the metallurgical process is well-tested technology or novel in nature.

• The nature, amount and representativeness of metallurgical testwork undertaken and

the metallurgical recovery factors applied.

• Any assumptions or allowances made for deleterious elements.

• The existence of any bulk sample or pilot scale testwork and the degree to which such

samples are representative of the orebody as a whole.

	Critically important for Uranium, particularly ISL – probably more so than for some other styles of mineralisation.

	Cost and revenue factors.

	• The derivation of, or assumptions made, regarding projected capital and operating costs.

• The assumptions made regarding revenue including head grade, metal or commodity

price(s) exchange rates, transportation and treatment charges, penalties, etc.

• The allowances made for royalties payable, both Government and private.

	Equally applicable in Uranium – the same issues exist

	Market assessment.

	• The demand, supply and stock situation for the particular commodity, consumption

trends and factors likely to affect supply and demand into the future.

• A customer and competitor analysis along with the identification of likely market

windows for the product.

• Price and volume forecasts and the basis for these forecasts.

• For industrial minerals the customer specification, testing and acceptance requirements prior to a supply contract.
	This is equally applicable in Uranium – possibly even more important for a commodity which is so heavily controlled by Governments and regulators full transparency of market potential and regulatory approval is critical.  I.e. in a country or state which has a “no new uranium mines” policy – it would be hard to argue you had “realistically assumed” development approval and access to market and hence an Ore Reserve in these circumstances. 

	Classification.

	• The basis for the classification of the Ore Reserves into varying confidence categories.

• Whether the result appropriately reflects the Competent Person(s)’ view of the deposit.

• The proportion of Probable Ore Reserves which have been derived from Measured

Mineral Resources (if any).
	Equally applicable in Uranium


