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The topic of my presentation is the Geochemistry and Water Quality of the Mine Workings at Britannia.
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Background 

 Geology/Mineralogy 
 Low pH’s and High Copper Concentrations 

Early in Mine Life 
 Copper Recovery  Mine Water Starting in 1928. 
 Historic Discharges to Britannia Creek and 

Howe Sound 
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I’m going to start out with some background on the geology and historic records of acid rock drainage from the site.The Britannia mine encompassed 7 distinct ore  zones, all within a sheared band of steeply dipping metamorphosed sedimentary and volcanic rocks known as the Britannia Shear Zone.The ore occurred in veins, or as disseminated and stringer type mineralization, and was invariably associated with quartz.  The principal sulphides minerals were pyrite and chalcopyrite, with local concentrations of spalerite.  Non-metallic minerals included quartz, muscovite, anhydrite and siderite.The pyrite occurred as a halo around the copper mineralization, so substantial amounts of pyrite would have been left behind on the mine walls, in backfilled waste rock and in any rubble left over after mining.Low pH’s were noticed early in the mine life, with rapid rates of corrosion on everything from pumps and rail lines to the nails on the Miner’s boots.  It is likely that the Miners also would have noticed replacement of iron by copper metal on rails and other iron in the mine.By 1924, it was recognized that copper levels in the mine water were high enough to consider recovery, and by 1928, a production scale copper precipitation plant was constructed at the 2200 level.  A second plant was constructed at Britannia Beach in 1955.  As part of those operations, water was deliberately allowed to flow through the more mineralized areas to maximize copper leaching.    Following copper recovery, the drainage from both portals was historically allowed to flow via Britannia Creek into Howe Sound.  Now all of the drainage is directed to the 4100 portal, and then routed to a deep outfall pipe directly to Howe Sound.



Britannia Remediation Project 
 

 Water Treatment Plant 
 Water Quality 

 Flow-through conditions 
 Seasonal flooding and draindown 

 Study Objective 
 Predict chemical effects of storage behind the plug 
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As Gerry explained, the current Britannia Remediation Project will include a water treatment plant to neutralize the pH and remove metals from the mine water.The long-term Water Quality is obviously an important parameter for the treatment plant design, and was the focus of our work.Under flow-through conditions, this would be a relatively straightforward excersize, using historical data to estimate the average and seasonal range in concentrations. However, as Pat and Graham have just explained, the mine workings will be used to equalize flows to the treatment plant, and will be flooded during seasonal high flow periods.  This could lead to increased concentrations as stored oxidation products are flushed from the lower portion of the workings.The primary objective of our study was therefore to predict the chemical effects of storage behind the plug.



Approach 

 Review of Historical Water Quality Data 
 Historical trends 
 Relationship between flow and chemistry 
 1980’s Plug Test Data 
 Equilibrium Modelling 

 

  Plug Test 
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Access to the mine workings is very limited, so sampling and testing materials in the underground workings was considered impractical.  Our approach to the problem  therefore included at detailed review of the historical water quality and monitoring of the plug test.The review, included: An analysis of historical trends.of relationships between flow and chemistry to see if there was a seasonal build-up of stored contaminantsReview of data from the early 1980’s, when the 4100 plug was used to regulate flows to the copper precipitation plant. Equilibrium Modelling was also used to identify secondary mineral controls on chemistryAs Pat and Graham explained, the primary purpose of the plug test was to estimate the storage capacity of the workings.  It also provided a unique opportunity to obtain an accurate meaurement of water quality under realistic operating conditions.In the next part of my talk, I’m going to present some of the historical data to give you an idea of the current conditions in the mine.  This will be followed by more details on the plug test.



Historical Data – 2200 Level 
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As I explained before, by the early 1920’s, it was recognized that the mine water contained a substantial amount of dissolved copper, and starting in 1928 copper was recovered from the mine water.  As part of that operation, copper concentrations from the 2200 portal were measured on a regular basis.What this gives us, is an unusually long record of data.  We think it is probably reasonably accurate data because it was used to monitor recovery efficiencies.Interesting features arethe very high copper concentrations measured in in the first 30 years monitoring, up to 2000 mg/L; A steady decline through to the mid 1970’s, and,then fairly steady concentrations over the last 25 years of monitoring.It is also interesting to note that the two peaks in the older data follow peaks in copper production at the mine by about 5 years, indicating rapid leaching of copper in response to freshly exposed mineralization



1990 to 2001 Data – 2200 Level 

Average Std. Dev.
pH 3.1 0.3

SO4 1088 354
Al 42 11
Cd 0.19 0.05
Cu 59 20
Fe 31 12
Zn 29 7.3
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This table summarizes more recent data from the 2200 level.  As you can see, this water has a low pH and high metal concentrations, typical of acid rock drainage.  You might also note that the sulphate concentraitons seem a little low.  We think this might be due to dilution of the mine water by a clean water source after it leaves the mining core.Although flows from this portal are about ¼ of the total flows from the mine, this drainage  represented roughly half the metal load going out to Howe Sound.  Now it is routed back into the mine and daylights at the 4100 level.



Seasonal Flows and Copper 
Concentrations (1945 to 1952) 
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The next slide I’m going to show illustrates the seasonal patterns in flows and copper concentrations.  To get rid of the effects of longer time changes, I picked a period when relatively steady concentrations were observed – in this case data from 1945 to 1952.The reason we looked at this was to see if we could find evidence for seasonal flushing of stored oxidation products. Copper is shown in blue and flows in purple.  The peak in copper concentrations occurs in April and May, and while flows start to increase in April, peak flows do not occur until  May and June. So we see the highest loading occuring in May. What I think this graph is showing is that the first flush is picking up higher concentrations, but there is enough water in this system, that it has fully cleaned out any stored salts by June.  Because we have high flows associated with low concentrations in the latter part of the summer, we don’t see clear relationships between flow and concentrations when we just plot this data as an xy graph.To sum up the flow relationships, they are very weak, only occuring in the first part of freshet, but they still are sufficient to suggest that there is storage and seasonal removal of oxidation products.  It also suggests that significant accumulations of stored oxidation products could only occur in  areas of the mine, or along flowpaths that are not contacted by the spring runoff.



4100 Plug – Early 80’s data 
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The next data I’m going to show you is from the 4100 haulage tunnel.  The 4100 level was extended into the mining core in the mid-1930’s.  The first records of water quality are for 1955, when a copper precipitation plant was constructed at Britannia Beach. Only  a few records from this period have  been located, and there is limited data available prior to 1978 when the plug was constructed.Starting in 1980, there was regular monitoring of the pressure head, copper concentrations and pH’s, and they were using the mine working to regulate flow to the copper precipitation plant.  This is particularly relevant to our study because it shows the effects of flooding. As shown on this graph, pressure heads went above 200 metres in 1982 and 1983.  As you can see, peaks in copper concentrations correspond to these peaks in pressure.  Copper concentrations tended to decay less rapidly than the pressures reflecting draindown of the stored water.The most important conclusion from this data is that copper concentrations increased as a result of flooding, with values reaching as high as 35 mg/L.



1990 to 2001 Data - 4100 

Average Std. Dev.
pH 3.8 0.6

SO4 1528 199
Al 26 5.9
Cd 0.089 0.022
Cu 18 3.9
Fe 4.5 2.1
Zn 21 3
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This table shows some of the more recent data from the 4100 portal.As you can see, the pH is a little higher than at the 2200 and metal concentrations are generally lower.  Interestingly, sulphate is higher is higher here.  



Plug Tests 
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OK, now I’m going to go into the plug tests.As Pat and Graham explained, the initial plug test was completed prior to freshet, when there would be minimal variations in inflows.  From the geochemical perspective, this period also offered the least complication from the effects of flushing in the upper part of the workings.. The mine was flooded to a height of 102 metres, with peak levels occuring on about April 25th.  About half of the area flooded was in the haulage tunnel, and the remainder in raises and stopes in the mining core.The results of this first test were needed to make interim estimates of sulphate concentrations under fully flooded conditions, which were required for the treatment plant design.The second plug test was initiated immediately following freshet.  Water levels rose very quickly in the mine, and with the wet spring that we had, a decision was made to draw the water levels back down before the test was complete.  The final phase of the test started in mid-July, when the valves were again shut off.  Water levels reached the ultimate peak on August 16th.  Water quality was monitored every other day during each of the draindown periods and included field measurements of pH, conductivity, redox, temperature, and copper and laboratory analysis of TDS, acidity, chloride, fluoride, sulphate, and total and dissolved metals. 



Conceptual Model (Filling) 
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This next series of figures are a conceptual representatin of the filling and draindown sequence, showing the haulage tunnel and the mining core.The figure on the left shows the different types of water that would be in the mine when the filling sequence is initiated.  T1 represents clean runoff entering the mine.  T2 represents runoff in contact with the mine walls, and T3 represents water that is in contact with the tunnel.   We would expect the water accumulating in the tunnel to consist of a mixture of those three water types.In the second graph, a fourth type of water, T4 is produced.  This represents water that floods the lower part of the stopes.  Water accumulating in the stopes would comprise a mixture of T1, T2 and T4.



Conceptual Model (Draindown) 
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As the mine is filled, it will contact rocks with different geochemical characteristics, so we might expect to see different waters accumulating at different elevations in the mine.  In the relatively quiet pre-freshet period, we would expect those waters to remain stratified due to restricted circulation between different areas of the mine.And then when the mine is drained down, these waters should remain stratified, and we will be able to see the diffenent chemical signatures as draindown progresses.  Assuming the uppermost part of the stopes would have the biggest accumulations of stored oxidation products, we would expect to see something like the graph on the right.



Initial Estimates of Sulphate 
Concentrations 

 Two Approaches 
 Establish Equilbrium Controls 
 Extrapolate from Cumulative Increase in Load 

Measured During the Initial Test 

 Results 
 Equilibrium: 2600 mg/L 
 Extrapolation: 1800-2200 mg/L 
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As I mentioned before, after the initial plug test was complete, we needed to estimate sulphate concentrations for the treatment plant design.Two approaches were possible at this stage.In the first, we established an upper bound on concentrations based on equilibrium with gypsum.  The initial plug test indicated that higher concentrations of magnesium were associated with the flooded mine waters, so we had to consider even higher concentrations of magnesium could be present under fully flooded conditions.  Higher magnesium can support higher sulphate concentraitons.  We used the Ca/Mg ratio observed in the 2200 drainage as a basis for these estimates because we felt that it represented water in the mining core.  We also used the data from the intiial plug test to calculate the incremental increase in load resulting from flushing of oxidation products.  This was the difference between the actual measured load and the load that would  have been generated without any flooding.  The incremental load was extrapolated to the larger volume expected for fully flooded conditions, and converted back into a concentration.  Based on the equilibrium model, we calculated that suphate concentrations of 2600 mg/L would be possible.The extrapoloation indicated a range of 1800 and 2200 mg/L.



Sulphate 
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Now I’m going to show you some results from the plug tests, starting with sulphate.  Sulphate showed some unusual behaviour right near the beginning of the test, but then the general pattern was for concentrations to peak two to three weeks after the peak in water levels, which is indicated by the arrows.  The peak in the third phase of filling is the most dramatic, with concentraitons reaching 2600 mg/L, and then remaining between 2000 and 2500 mg/L for well over a month.  The sulphate concentrations have still not returned to pre-plug test levels, suggesting there is continued draindown of high sulphate water from the mine.



Copper 
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Copper follows a similar pattern, reaching 40 mg/L in the first draindown period, 48 mg/L in the second, and 65 mg/L in the third.Similar to sulphate, copper concentrations have not yet reached preplug levels, again suggesting continued draindown of stored products.  



Iron 
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Iron showed much more dramatic changes, especially in the third draindown with concentrations reaching 70 mg/L from a preplug average of 4. I haven’t shown the graphs for cadmium and zinc, but these were interesting, because the concentrations were remarkably stable thorughout the test.  This suggests something is controlling concentrations, except that there are no direct secondary mineral controls at these pH’s.  It may be that the lower portions of the mine do not contain any stored zinc or cadmium and that these metals really only originate from the upper levels of the mine.  This is consistent with the geological information for the site.



Contaminant Release  
During Plug Test 

Tonnes (April to Nov.)
SO4 Cu Fe

Measured 4926 100 47

Calculated (Pre-plug Avg.) 3995 65 12
Calculated (Historical Avg.) 4003 77 30

Presenter
Presentation Notes
This table shows the calculated contaminant loading from the 4100 from April 19th when the first draindown began, to November 13th when we were still seeing residual effects from the test.The first line shows the actual measured loads from the plug test.The second line was calculated by multiplying  average pre-plug concentrations from March 2002 by the total volume of water released from April through November.  So this is what we would have expected if we hadn’t flooded the mine.The third line was calculated by multiplying the flow weighted average of the 2200 and 4100 concentrations from the 1990 to 2001 data, again by the total volume released from April to Nov.As you can see, for most of the parameters, higher loads were observed during the plug test than would normally be expected over the same time period.  The increase in loads was not proportional for all paramters.  For example, iron shows a very substantial change relative to the pre-plug data, and sulphate shows relatively little change.The relatively small increase in sulphate loads suggests that using the mine to store water will not result in excessively higher amounts of reagent consumption or sludges.



Conclusions 
 Copper concentrations increased from 23 

mg/L to as high as 65 mg/L, and sulphate 
concentrations went from 1400 mg/L to 
2700 mg/L. 
 

 Plug test was the preferred approach for 
estimating concentrations in the reflooded 
mine. 
 

 The initial test allowed us to estimate the 
magnitude of change that could be expected 
under fully flooded conditions. 
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In conclusion, I would like to say that:1,2,3.Thank-you.  Now I think we have a few minutes for questions.
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