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June 20, 2008

Dr. Kathleen Racher
Regulatory Director - Mining
Wek’èezhìi Land and Water Board

#1-4905 48th Street

Yellowknife, NT  X1A 3S3

Re: Review Comments - BHPB Water Quality Models, Versions 1 and 2 
Dear Dr. Racher:

Indian and Northern Affairs Canada – Water Resources Division (INAC) has reviewed BHP Billiton Diamonds Incorporated’s (BHPB) Water Quality Models, Versions 1 and 2.  INAC also retained Lorax Environmental Services Limited to conduct an expert technical review of the two models; their review is attached to this letter (Attachment 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.    
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.
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 can not be assured of the expected water quality in the LLCF and can not 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.

Thank you for the opportunity to review and comment to BHPB proposed Water Quality Models.  Please contact Mr. Nathen Richea at (867) 669-2657 or richean@inac.gc.ca if you have any questions or if you require anything further.

Sincerely,

-original signed by-
Carole Mills,
Manager,

Water Resources Division

Attachment 1

Technical Memorandum
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To: Nathen Richea






Date: May 26, 2008
From: Jan Gerits and Sharon Blackmore



Project #: J863/1
Subject: Review Long Lake Containment Facility (LLCF) Water Quality Models
1.  Introduction
The first modeling study on the evolution of water quality within the Long Lake Containment Facility (LLCF) dates from 2001.  Since that first study a large number of studies have been conducted on the water quality of the LLCF; the reports on those studies (~14) are listed as references in the documentation of the LLCF water quality models (BHP Billiton, 2008a and 2008b).  Although those reports contain much more detailed information on the various versions of the LLCF water quality model, they were not available for this review.  Consequently, the review only concerns the general documentation of the LLCF water quality model (versions 1.0 and 2.0) provided in two reports (BHP Billiton, 2008a and 2008b).  Without access to more detailed information from previous studies it is difficult to perform an in-depth review of the LLCF water quality model (i.e. many questions could probably be answered by having access to all published reports).

The objective of the review is to provide a detailed technical evaluation of the LLCF water quality model (version 1.0 and particularly the updated version 2.0) with an emphasis on its vigour and anticipated accuracy.  A detailed evaluation of the LLCF water quality model is presented in section 2 (version 1.0; BHP Billiton, 2008a) and section 3 (version 2.0; BHP Billiton, 2008b).  An overall assessment of the updated LLCF model (version 2.0) is presented in section 4.

2.  Detailed Evaluation of LLCF Water Quality Model, Version 1.0

2.1  Background and Model Set-up
· Historical water quality data (section 2.2) are presented as total concentrations (we assume that dissolved concentrations were also determined).  In the presence of significant total suspended solids (TSS) concentrations (e.g. cell C), the total (metal) concentrations in collected water samples often vary considerably due to the spatial variation in TSS concentrations.  What sampling strategy was used to minimize the effect of spatial variations in TSS concentrations and to obtain a representative sample of the total (metal) concentrations ? 
· The model assumes full mixing (uniform water quality) for cells A, B, C and E (section 3.1).  However, the review of historical water quality data (section 2.2) identifies vertical variation in the water quality of cells C (‘fluffy tails’) and E (surface layers of meltwater).  How are these vertical variations in water quality ‘handled’ in the model that uses monthly time steps ?
· To accommodate the stratification in Cell D, the model assumes a lower layer with a constant volume and an upper layer with a changing volume (section 3.1).  What is the range in the % change of the volume of the upper layer assumed (calculated) by the model ?
· Among the four components that constitute the water and solids balance of the LLCF (section 3.2), specific contributions from pumped liquid flows (e.g. mine water from open pits and underground water), from pumped solids flows (e.g. EFPK) and from flows between cells are the most uncertain.  As no data on the estimated magnitude of the various contributions to the water and solids balance of the LLCF are provided it is impossible to evaluate if the uncertainty in the various contributions is relevant or not (e.g. what percentage does each contribution constitute to the overall water and solids balance ?).  Consequently it is impossible to evaluate the validity of the water and solids balance.
· Among the five sources of chemical loadings to the LLCF (section 3.3), the discharge from the process plant (PPD) constitutes the key source of chemical loadings to the LLCF.  Whereas average historical values adequately describe the chemical loadings for the period without Fox Ore in the process plant, results from the Fox Ore Trial (FOT) are used to estimate chemical loadings for the period when Fox Ore is being processed.  Although a considerable effort is made to ‘translate’ the different operating conditions during the FOT into estimates of chemical loadings, uncertainty in the estimates remains high due to the limited number of samples representative for each of the different operating conditions.  Why all that effort if it is apparent that the model will likely have to be re-calibrated with actual chemical loading data during the processing of Fox Ore (ref. Fig 2.4-1) ?
2.2  Model Development

· Using historical water quality data (2000-2005) model calibration (what does model ‘testing’ involve other than calibration ?) occurred in four steps outlined in section 4.1.  Calibration results for TDS and K concentrations in Cells E and D of the LLCF are shown in Figures 4.1-1 and 4.1-2.  Why are modeling results obtained by calibration only graphically compared with available historical water quality data ? Why is there no statistical evaluation provided ?
· In the report (section 4.1) it is stated that the model is able to represent the overall trends in water quality (i.e. TDS and K concentrations) in the LLCF (i.e. Cells D and E).  We agree with that statement.  The report continues by stating that the model was able to predict the peak concentrations observed during the winter months.  We think there is only limited evidence for the latter statement.  Only for the winter periods around January 2004 and 2005 in Cell E the model was able to predict peak concentrations (Figure 4.1-1).  For Cell D (Figure 4.1-2), those peak concentrations in historical data are not even evident.
· The model calibration is evaluated by comparing the model calibration results with historical water quality data (2000-2005) for Cell E (and Cell D).  We think a more appropriate evaluation of the model calibration would involve Cell C, as inputs (water, solids and chemical loadings) to Cell C are the most significant and the most ‘controlled’.  Changes to the calibration with historical water quality data from Cell C would have a relative small effect on the ‘predicted’ water quality in Cells D and E.  Moreover, without affecting the calibration in Cell C, additional calibration could be performed in a step-wise fashion with historical water quality data from Cell D and Cell E.
2.3  Sensitivity Analysis and EKATI Mine Plan Projection
· The sensitivity analysis in section 5 is highly appropriate and well done. However, it would have been more appropriate to concentrate only on concentrations of conservative elements (incl. TDS), as these are representative for the conducted model calibration.  Although metal concentrations are particularly relevant in evaluating uncertainties associated with estimates of chemical loadings from underground mine water and from PPD when processing Fox Ore, they have not been used in any calibration.  Moreover, in the documentation of model version 1.0, there are no details provided on how the total and dissolved metal concentrations are actually used in chemical loadings and transfers between cells.
· Similar to the above remarks on the sensitivity analysis, there is considerable doubt that the metal concentrations projected by the water quality model (section 6) for the entire EKATI Mine Plan (2005-2030) have any validity, as the model has not been calibrated for these non-conservative elements.

2.4  Main Conclusions
· As the LLCF water quality model is a mass balance model developed with GoldSim, an accurate prediction of the water balance and the chemical source terms is important for the modeling results obtained.  One important thing missing in the documentation of the LLCF water quality model (Version 1.0) is a presentation of the (calibrated) water balance for the LLCF along with a sensitivity analysis.  It would be interesting to evaluate how water quality modeling results are affected by uncertainties in specific water balance components as opposed to uncertainties in various chemical source terms.
· Using calibration with historical data from 2000-2005, Version 1.0 of the LLCF water quality model is able to represent the overall trends in concentrations of conservative elements (i.e. TDS and K concentrations) in the LLCF (i.e. Cells D and E).  Apart from the graphical comparison (Figs. 4.1-1 & 4.1-2) between model results (calibration) and historical data, a statistical evaluation would have been useful.  Unfortunately the model’s ability to predict the peak concentrations observed during the winter months appears to be rather limited.
· While the focus in the water quality model calibration is largely on conservative elements (e.g. K and TDS), the sensitivity analysis and mine plan projection are predominantly focused on (trace) metal concentrations.  For conservative elements total and dissolved concentrations are generally the same but the contrary often applies to non-conservative elements (e.g. trace metals).  In the documentation of the water quality model (Version 1.0) no information is provided on how total and dissolved (trace) metal concentrations are used in the mass balance for the LLCF (i.e. Cells C, D and E).  This is important as there are several issues (spatial and temporal variability, physical and chemical transfer) related to the fraction of (trace) metals associated with the solid phase (TSS) that need to be explained and accounted for.
3.  Detailed Evaluation of LLCF Water Quality Model, Version 2.0

3.1  Model Updates and Modifications
· The data in Table 2.1-3 illustrate that the CaCl2 addition to the process plant varied monthly because of changing settling characteristics of the processed ore (section 2.1).  Explain why the settling characteristics of the processed ore would change.  Is the amount of CaCl2 addition not directly related to the amount of ore being processed ?
3.2  Results
· The water quality model (Version 2.0) was calibrated with historical water quality data (chloride concentrations in Cell E) from 2005 to 2007 (section 3.1) prior to exploring short-term predictions (Fig. 3.1-1).  Why were the historical water quality data from 2000-2005 used for the calibration of Version 1.0, not included in the calibration of Version 2.0 ?
· Using calibration with historical data from 2005-2007, Version 2.0 of the LLCF water quality model is able to represent the overall trend in concentrations of Cl in Cell E (Figure 3.1-1).  Apart from a graphical comparison between model results (calibration) and historical data, a statistical evaluation would have been useful.  Similar to version 1.0 of the water quality model, the ability to predict the peak concentrations observed during the winter months remains limited.  Perhaps improvements in Version 2.0 of the model could have been demonstrated better by using historical data from 2000-2007 for the calibration of the latest model version.
· In section 3.2.1 it is stated that: “The results of the calibration run confirmed that the water quality model is able to represent water and loadings transport in the LLCF.  Therefore, the model can be used to predict future parameter concentrations based on estimated inputs”.  Particularly the last statement is not warranted without a proper model validation with a new set of data (i.e. historical water quality data for Cell E that have not been used previously for model calibration).
· For the nitrate concentrations in Cells D and E, the water quality model (Version 2.0) was calibrated extensively with data from 2005 to 2007 (section 3.2.2) prior to exploring short-term predictions (Fig. 3.2-2).  Why were the historical water quality data on nitrate from 2000-2005 not included in the calibration of Version 2.0 ?
· Using calibration with historical data from 2005-2007, Version 2.0 of the LLCF water quality model is able to represent the overall trend in concentrations of NO3-N in Cell E reasonably (Figure 3.2-2).  Apart from a graphical comparison between model results (calibration) and historical data, a statistical evaluation would have been useful.
· Why not expand the sensitivity analyses, previously undertaken for Version 1.0, for the latest version of the LLCF water quality model ?
3.3  Main Conclusions

· Version 2.0 of the LLCF water quality model was calibrated with historical water quality data for chloride and nitrate from 2005-2007.  Why were the historical data from 2000-2005, previously used in the calibration of Version 1.0, not included in the calibration of the latest model version ?  An extended set of historical water quality data could have greatly improved the assessment of the latest model calibration.
· Using calibration with historical data from 2005-2007, Version 2.0 of the LLCF water quality model is able to represent the overall trends in concentrations of chloride and nitrate in the LLCF.  Apart from a graphical comparison (Figs. 3.1-1 & 3.2-2) between model results (calibration) and historical data, a statistical evaluation would have been useful. Peak concentrations observed during the winter months are not accurately predicted.
· For the calibration of Version 1.0, the K and TDS concentrations from 2000-2005 were used while the Cl concentrations from 2005-2007 are used for the calibration of Version 2.0.  The calibration results for each model version are plotted in different figures and compared with historical water quality data.  Considering the presentation format of the calibration results for both model versions, it is difficult to assess if Version 2.0 actually constitutes an improvement (in terms of calibration results) over Version 1.0.  It is recommended to explore methods other than graphical presentation to assess and compare calibration results.
4.  Overall Assessment of LLCF Water Quality Model (Version 2.0)
· Given the many uncertainties associated with the input data, the calibration results obtained with Version 1.0 and Version 2.0 are remarkably good.  The different versions of the LLCF water quality model are able to represent the overall trend in water quality at the LLCF.  It should be noted that the presented calibration results only apply to concentrations of conservative elements (e.g. K or Cl).  Results from calibration runs indicate that the ability to predict the peak concentrations observed during winter months is limited.
· There is little evidence that Version 2.0 constitutes actually an improvement over Version 1.0 in terms of calibration results despite improved estimates for several input data listed in Table 2.1-1 and technical modifications in key processes and flow pathways.

· Currently both model versions have only been calibrated (successfully) with historical water quality data.  In order to make statements (e.g. accuracy) about predictions of future water quality with the LLCF water quality model, the model will need to be validated with historical water quality data that have not already been used in the model calibration.  Without this validation it is impossible to evaluate the anticipated accuracy of the water quality model in a scientifically correct and independent way.

· Considering the limitations in available input data, the water quality model is sufficiently vigorous as it uses a mass balance approach embedded in a GoldSim modeling environment.

· Depending on the ultimate aim of the use of the LLCF water quality model we recommend:

· to calibrate the model with appropriate (conservative or non-conservative elements) historical water quality data from the period 2000-2007 (already partly used in Version 1.0 and Version 2.0)

· to validate the model with historical water quality data from a period (e.g. 2008-2010) after the calibration period and assess the accuracy of the model predictions

· to predict the long-term water quality in the LLCF under relevant management scenarios (before and after closure)
(
Considering the documentation of the water quality model we also recommend to present a calibrated water balance for the LLCF along with a sensitivity analysis as used for the mass balance in Version 1.0
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