BHPB Submission of the Long Lake Containment Facility (LLCF) Water Quality Projections – Submitted April 15th, 2008

	Tracking Number
	Comment ID
	Topic
	Review Comment
	Company Response / Proposed Revision
	WLWB Response / Recommendations

	A: Independent  Environmental Monitoring Agency (IEMA) Comments – Received June 18th, 2008

	1
	IEMA – 1 
	
	The Agency has some concern with the approach used in the Models. Using a mass balance model has some shortcomings: it can address the physical processes and thus provide good predictions for conservative elements, but, as it does not take into account chemical interactions occurring within the LLCF, it will likely be less successful in providing good predictions for non-conservative elements. That said, the modelling work is an important step forward.
	
	

	2
	IEMA – 2 
	
	However, Version 2.0 concentrated on chloride and nitrate (for perfectly valid reasons) and did not attempt to address the full range of variables identified (in Version 1.0) as being important in managing the LLCF and its effluent in the long term. The full range of variables needs to be addressed in the near future.
	
	

	3
	IEMA – 3 
	
	Future work will need to link the uncertainties identified in the modelling work to the ICRP research plan. Some consideration will need to be given to understanding and predicting the magnitude of the chemical interactions occurring within the LLCF. This may be particularly important given the large volumes of extra-fine processed kimberlite and its potential impacts on the system. The extra fine material may adsorb or desorb trace elements and the trace elements may even interact with the clay minerals.
	
	

	B: Indian Northern Affairs Canada (INAC) Comments – Received June 20th, 2008

	4
	INAC – 1 
	
	INAC, and its consultant, identified three key concerns with the proposed models and their intended use as future water quality prediction instruments: 

1) The two models were not calibrated using the same parameters, over the same time period

2) The models have only been calibrated with conservative historical Long Lake Containment Facility (LLCF) water quality information

3) The models have not been calibrated using non-conservative parameters (e.g. metals) and therefore will likely not provide accurate predictions of future metal concentrations in the LLCF. 

Hence, at this time INAC is unable to determine if the proposed models will accurately predict future water quality at the Ekati mine site.
	
	

	5
	INAC – 2 
	
	INAC would also stress that the two models currently being used by BHPB have not been validated with water quality data not already used for calibration (i.e. validation is used to determine model accuracy).  Model validations of this type are necessary before any decisions can be made on the applicability and accuracy of the models.  Again, INAC would be more comfortable if the two models were initially calibrated with several parameters over the same time periods (i.e. 2000-2007).  However, ultimately all models have intrinsic error and therefore must be continuously calibrated, adjusted and validated to improve both static and future modelling results.
	
	

	6
	INAC – 3 
	
	In closing, as metals have been identified to be of particular concern at the outlet of the LLCF, these models have only partial relevance to the spectrum of water quality concerns at the Ekati mine site.  Until this issue is addressed, INAC cannot be assured of the expected water quality in the LLCF and cannot be certain, at this point in time, if theses water quality models should be used to predict future water quality at the Ekati mine site.
	
	

	C: Lutsel K’e Dene First Nations (LKDFN) Comments – Received June 20th, 2008

	7
	LKDFN – 1 
	
	A summary table that list all model input parameters and source of input values should be provided in the report.  Specific comments about model input parameters are provided in the list below.  This list does not consider all model input parameters, thus, the summary table should not only include parameters detailed in this list, but rather ALL model input parameters.
	
	

	8
	LKDFN – 2
	
	V1, Page 3-1.  Exclusion of solutes from ice was represented by 80% solutes remaining with the water body and 20% consumed in the ice.  The basis for this distribution is unknown.  Additional information is requested.
	
	

	9
	LKDFN – 3
	
	V1, Page 3-2.  Historical pumping rates for process-plant discharge water, pit sump water, underground water, and camp sewage were used for model calibration.  These input values may change with time and with mine operation.  The sensitivity of these model inputs not addressed.  The input characteristics for these model inputs were not provided.  Additional information is requested.
	
	

	10
	LKDFN – 4
	
	V1, Page 3-2.  It was stated that “There is considerable uncertainty regarding the volume of underground water that will be discharged to the LLCF during operation”.  An assumed value was used in the model calibration, but the basis for selection was not provided and should be clarified.  To account for this uncertainty, a sensitivity study was completed to assess the impact of this uncertainty.
	
	

	11
	LKDFN – 5
	
	V1, Page 3-5.  The schedule of tailings volumes and plan for cell discharge was selected based on “projected values provided by BHP Billiton”.  Reference to a report document that include this schedule of information, or inclusion of this information as an appendix, is requested.
	
	

	12
	LKDFN – 6
	
	V1, Page 3-5.  It was stated that “Appendix 2 shows projected solids inputs to the LLCF”.  This information is missing from Appendix 2 and should be provided.  This issue was addressed in V2 report.
	
	

	13
	LKDFN – 7
	
	V1, Page 3-5.  87% of the tailings solids was considered Fine Process Kimberlite (FPK) and 13% Extra Fine Process Kimberlite (EFPK).  The basis for this selection was not provided.  Clarification is requested.
	
	

	14
	LKDFN – 8
	
	V1, Page 3-6.  A proper reference to EBA Consultants water balance model for selection of water levels in each cell is requested.
	
	

	15
	LKDFN – 9
	
	V1, Page 3-6.  Reference to a document that details the mine production schedule is requested.  The report states that the mine schedule was from BHP Billiton March 2006, which is not contained in the reference list.
	
	

	16
	LKDFN – 10
	
	V1, Page 3-7.  The Rescan 2005 report is not in reference list.  Proper referencing is requested.
	
	

	17
	LKDFN – 11
	
	V1, Page 3-12&13.  Sump water and other mine related sources historical water quality concentrations and model input values should be specified.  Additional information is requested.
	
	

	18
	LKDFN – 12
	
	V1, Page 3-12&13.   A reference for model inputs for underground mine water and natural waters was provided.  This information should be detailed in the model report.  Additional information is requested.
	
	

	19
	LKDFN – 13
	
	V2, Page 2-1.  Annual precipitation information used in the probability distribution should include a full reference to a report.
	
	

	20
	LKDFN – 14
	
	V2, Page 2-2.  A reference to a report for the specific gravity of the tailings, monthly mine plan, and proposed mine plan is requested.
	
	

	21
	LKDFN – 15
	
	V2, Page 2-5.  Input data, or reference to a report, for reclaim water source and volume and all mine sumps, is requested.
	
	

	22
	LKDFN – 16
	
	V1, Page 2-5.  It was inferred, based on lower suspended solids concentrations in Cell D compared to Cell C, that Dyke C filters out most of the suspended solids as water passes from Cell C to Cell D.  The water sampling completed, and the monitoring program in place, was not develop to assess the filter effectiveness in Dyke C.  Thus, without a specific study to asses suspended solids immediate upstream and downstream of Dyke C, and at various depths in the water column, it can only be assumed that some suspended solids may be removed by Dyke C.  The report should note that filtering of suspended solids in LLCF dykes may occur and that other processes, such as settling of particles between the dyke location and the monitoring point also contribute to reduction in suspended solids concentration.
	
	

	23
	LKDFN – 17
	
	V1, Page 3-2.  A typical annual flow hydrograph is provided in Figures 3.2-2.  This figure is conceptual in nature and does not provide site specific values to LLCF.  Details of hydrographs and input water volumes should be provided beyond a conceptual approach.
	
	

	24
	LKDFN – 18
	
	V1, Figure 3-2.  The “annual average precipitation and surface runoff were assumed for model runs”.  This approach to water input is rudimentary and should be updated with site specific data.  Version 2.0 of the model has addressed this shortcoming.
	
	

	25
	LKDFN – 19
	
	V1, Page 3-5.  Minimal description of how movement of EFPK between cells is presented in the report.  Additional detail into how EFPK moves with time between cells is requested.  Further, Cell D is considered the final destination for EFPK and no EFPK moves to Cell E.  Additional detail on the validity of this assumption with reference to physical characteristics of the site is requested.
	
	

	26
	LKDFN – 20
	
	V1, Page 3-6.  It was stated that “observed pumping rates for Cell E were used for model validation”.  Validation is a process that occurs after calibration of the model.  There are insufficient model results and description to imply that model validation has occurred.  Clarification is requested on what is being validated.  Is validation referring to the water balance comment of the model only, or does it include the water quality component?  If the term validation is to be used, additional detail is requested to demonstrate a successfully validated model.
	
	

	27
	LKDFN – 21
	
	V1, Page 5-2.  The calibration process that was completed focused on dilution and physical processes and does not consider the complexities of biological and chemical reactions; thus, before a non-conservative water quality parameter can to be modelled, calibration of the model to account for mass loss is requested.
	
	

	28
	LKDFN – 22
	
	The following items are specific with respect to the calibration process:
1. The model input parameters and their limits that were varied to calibrate the model should be summarized in a table.  The model calibrated inputs should also be presented in the table for comparison and future use.  Additional detail is requested.

2. No results or discussion was provided to demonstrate a calibrated solution.  A calibrated and verified model is requested to have confidence in predicted results.  Will the model undergo verification?

3. Additional detail on the calibration process is requested; specifically the following items need to be addressed:

a. Was the model fit by visual comparison of model predictions to measured data, or was a standardized calibration process that aimed to minimize residuals conducted?

b. What were the model calibration targets?

c. The rational for the model calibration process needs to be specified.

d. Were input values adjusted in a systematic manner, each individually, or were multiple inputs adjusted during each calibration run?

e. Additional detail regarding the potential for a non-unique model solution is requested.

f. V2 of the model should specify that the model is only calibrated for a conservative contaminant.

For the calibrated solution, the model predictions of water quality in each cell should be compared to the measured values and presented in the report to provide confidence in a successfully calibrated model.
	
	

	29
	LKDFN – 23
	
	V1, Page 5-2.  Table 5.1-2 provides concentrations for selected parameter values.  Some of the predicted concentrations are negative, which is physically not possible.  It appears that the values for the 10 L/s and 40 L/s cases are the difference in concentrations compared to the 20 L/s case, and not the actual predicted concentration.  Clarification is requested.
	
	

	30
	LKDFN – 24
	
	V1, Page 5-4, Table 5.3-1.  Are the sensitivity analysis values in the table the concentrations from the analysis or the difference in concentration from the base case analysis?  Clarification is requested.
	
	

	31
	LKDFN – 25
	
	V1, Page 5-4.  Due to uncertainty in the loading factors and complexity of the chemical processes that occur within LLCF, BHP Billiton concluded that it was “not possible to produce reliable predictions of metal loadings in the PPD [process plant discharge] based on leach test results”.  Additional detail should be provided on how to address this uncertainty and the impact on the model results.
	
	

	32
	LKDFN – 26
	
	V2, Page 2-3.  Calcium chloride is used in the processing plant.  Its addition is variable and uncertain.  Model predictions assume constant concentrations of calcium chloride.  Given that the predicted chloride concentrations are elevated and exceed acceptable discharge concentrations, does BHP Billiton agree that additional sensitivity study on this parameter is warranted?  If not, why not?
	
	

	33
	LKDFN – 27
	
	V2, Page 3-1.  Editorial revision requested.  1st sentence should be changed from “from January 2005 to 20011” to “from January 2005 to 2007”.
	
	

	34
	LKDFN – 28
	
	V2, Figure 3.1-2 and Figure 3.2-3.  For clarity, the figures should include a statement that the results are for 1 of 400 realizations and do not correspond to the mean or 95th percentile.
	
	

	35
	LKDFN – 29
	
	V2, Page 3-5.  Nitrate loadings to LLCF were back calculated in the model to achieve a match between predicted and observed concentrations. 

a. This method applied all other model inputs as that used for chloride.  Since the model does not consider nitrate loss processes, is the back calculated nitrate loadings the true input loading or the net loadings (i.e., input loadings minus loadings due to losses)?  Additional detail is requested to explain the above.

b. The goodness of the match between the predicted and observed concentration should be specified.  Was there a target “match” value that was used as an acceptable solution?

Despite the uncertainty with the calculated nitrate loadings based on measured values, a comparison between model back calculated nitrate loadings and that calculated based on measured values should be provided.  Any discrepancies should be discussed.
	
	

	36
	LKDFN – 30
	
	V2, Page 3-9.  It was stated that the “sensitivity analysis undertaken for Version 1.0 of the model…were assumed to be representative of Version 2.0”.  Given the changes in the model input parameters, could BHP Billiton comment on whether this assumption is realistic?
	
	

	37
	LKDFN – 31
	
	The LLCF model identified water quality parameters that may be a concern to the receiving environment.  In line with condition #8 for the AEMP, a summary section should be provided in the LLCF water quality model report that details the “trends of concern” that should be considered in updating the AEMP.
	
	

	38
	LKDFN – 32
	
	The rational for selection of parameters to conduct a sensitivity study on was limited.  Additional information is requested to explain how the parameters analyzed in the sensitivity study were the critical inputs that warrant a sensitivity study.
	
	

	D: EcoMetrix Incorporated (HART) Comments – Received June 30th, 2008

	39
	HART – 1  
	
	Calcium chloride addition to the process facility:  An accurate estimate of future CaCl2 mass loading due to addition to the process facility is difficult.  The model assumed an annual average of 207 t/a CaCl2 will be added to the process facility based on an average of all previous loadings.  Examination of the monthly CaCl2 mass addition data indicates that the mass added is not consistent over time; the mass added in 2006 was approximately double that added in 2007.  The average value used in the model may not accurately represent future chloride loads.  However, given the small amount of loading data, use of an average value is the current best option.  This value may be updated as more data becomes available.  The importance of an accurate estimation of future chloride loads from CaCl2 addition to the process facility is less important as compared to chloride loading from mine dewatering because the mass process related chloride is relatively small compared to that in the mine water annually.  No estimate of the degree of uncertainty due to variation in the mass of CaCl2 added to the process facility was reported.


	
	

	40
	HART – 2  
	
	Chloride concentrations during ice up:  The model makes predictions of the chloride concentration in Cell E during ice up using a mass balance technique.  It is assumed that chloride is excluded from the ice crystal lattice and remains in the bulk liquid.  The volume of liquid sequestered as ice is removed from the mass balance, resulting in enrichment of chloride in the liquid phase, which is observed as increasing chloride concentrations in the residual unfrozen water during winter months.  The primary uncertainty in this process is estimation of ice thickness.  Though it is certain that the chloride concentration will increase during ice up, the actual concentration value depends on the amount of ice formed, which is difficult to estimate and should be viewed as uncertain.  The relevance of ice in predicting the chloride concentration in Cell E should be examined further to bound the uncertainty.  Its importance depends strongly on the timing of discharge at the end of winter, relative to the timing of ice melt.  To address this uncertainty, it would be prudent to obtain monitoring data for the end of winter period prior to discharge.
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