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Mined 1982-1985; |
" 250 acre site (100 ha): &

AMD since mid-80’s.
= \Waste rock contoured

Hydrated lime treatment
= 4 one -acre sludge ponds/yr

L_ong term solution-sludge disposal into waste rock



Initial Dredging Rationale

= Disposing of lime neutralization sludge into
acid generating rock could provide several

benefits including:
utilization of the excess alkalinity
- final disposal area for sludge
minimize additional land disturbance
- decrease personal liability
reduce accessibility of oxygen into the waste rock.



Equivalent Lime Consumption and
Mine Water Pond Acidity
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[Decreasing Acidity in Mine
Water from Monitoring Wells
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[Factors That May be Impacting
the Change In Acid Generation




ODbjectives

= \We are noticing a decrease In mine water
acidity. Why?
Changes In In-situ neutralization?

Impact of neutral pH groundwater or precip
recharge?

Waste rock weathering into smaller particles?
Is AMD burning out?

= Can you measure or calculate the impact of the
sludge on the acidity of the mine water?

Are there short term impacts that can be identified
after each dredging period?



Groundwater Chemistry Evaluation

= Generated acidity (initial acidity)

= Calculated acidity as a result of oxidation of sulfide
minerals

= Equivalent to SO, concentration (original H,SO,)
= Residual acidity
= Calculated acidity due to mineral acidity (H")
and conc. of metallic ions (Al, Fe, Mn, Cu and Zn)
= Equivalent to CaCO,; demand for neutralization
= 06 Acidity removed In-situ In the waste rock
= Difference between (initial and residual)/initial)



Compare Consumed CaCO, versus
Calculated Residual Acidity Demand

CaCO3 equiv of lime consumed

CaCO3 equivalent based on treated water volume
and residual acidity

Equivalent to CaCO, demand
for neutralization A

1996 2000 2004 2008 2012 2016
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						as CaCO3 equivalent (tonnes/a) based on lime consumption		CaCO3 equivalent based on treated water volume and residual acidity

		Year		Lime (tonnes)		CaCO3 equiv of lime consumed		CaCO3 equivalent based on treated water volume and residual acidity		Precipitation (mm)		Lime/precip. ratio		Volume Mine Water Treated (m3)		Acidity (mg/l)		Aluminum (mg/l)		Iron (mg/l)		Sulfate (mg/l)		Conductively ( mS/cm)

		1992		2417		3262				1039		2.33				869		118

		1993		2113		2852				1201		1.76				1099		149		43

		1994		1785		2409				1140		1.57				778		122		40

		1995		1492		2013				1246		1.2				732		110		33

		1996		1662		2243				1306		1.27				716		98		17

		1997		1009		1362				996		1.01				891		84		19

		1998		1197		1615				1238		0.97				806		91		23

		1999		700		945				1150		0.61				536		59		13

		2000		623		841				1166		0.53				500		55		15

		2001		534		721				802		0.67				576		54		22

		2002		736		993				1276		0.58				602		59		15

		2003		685		924				1172		0.58				543		61		14

		2004		591		798				991		0.6				549		57		14

		2005		620		837				1410		0.44				449		55		4		1218

		2006		671		906				1199		0.56				511		61		5		1191

		2007		406		548				939		0.44		1528874		443		53		8		1104

		2008		628		848				990		0.63		2072948		487		54		7		1053

		2009		557		752				1195		0.47		1831440		446		46		4		960

		2010		370		499		477		1050		0.39		1756911		398		36		5		850

		2011		435		587		478		1076		0.45		2022194		288		33		3		779

		2012		275		371		309		1066		0.3		1600650		182		23		4		742

		2013		347		468		384		1001		0.35		2243248		183		27		4		715		1244

		2014		418		564		571		1245		0.3357429719		3649096		137

		2015		240		324		240		921		0.2605863192		1871068		94

		2016		185		250		193		907		0.204		1579526		102										http://fredericton.weatherstats.ca/metrics/precipitation.html

		Year		Aluminum (mg/l)						Iron (mg/l)

		1992		118

		1993		149						43

		1994		122						40

		1995		110						33

		1996		98						17

		1997		84						19

		1998		91						23

		1999		59						13

		2000		55						15

		2001		54						22

		2002		59						15

		2003		61						14

		2004		57						14

		2005		55						4

		2006		61						5

		2007		53						8

		2008		54						7

		2009		46						4

		2010		36						5

		2011		33						3																																		1992				1994				1996				1998				2000				2002				2004				2006				2008				2010				2012

		2012		23						4																																Aluminum (mg/l)		118		149		122		110		98		84		91		59		55		54		59		61		57		55		61		53		54		46		36		33		23		27

		2013		27						4																																Iron (mg/l)				43		40		33		17		19		23		13		15		22		15		14		14		4		5		8		7		4		5		3		4		4

		Year		Lime (tonnes)						Precipitation (mm)		Acidity (mg/l)		Volume Mine Water Treated (m3)		Acidity (mg/l)																		Year		Lime (tonnes)		Annual Precipitation (mm)		Acidity (mg/l)				1992				1994				1996				1998				2000				2002				2004				2006				2008				2010				2012				2014				2016

		1992		2417						1039		869				869																		1992		2417		1039		869		Annual Lime (tonnes)		2417		2113		1785		1492		1662		1009		1197		700		623		534		736		685		591		620		671		406		628		557		370		435		275		347		418		240		185

		1993		2113						1201		1099				1099																		1993		2113		1201		1099		Precipitation (mm)		1039		1201		1140		1246		1306		996		1238		1150		1166		802		1276		1172		991		1410		1199		939		990		1195		1050		1076		1066		1001		1245		921		907

		1994		1785						1140		778				778																		1994		1785		1140		778		Average Acidity (mg/l) of grab samples		869		1099		778		732		716		891		806		536		500		576		602		543		549		449		511		443		487		446		398		288		182		183		137		94		102

		1995		1492						1246		732				732																		1995		1492		1246		732		Hydrated lime consumed as CaCO3 equivalent (tonnes/a)		1173		1483		1050		988		966		1202		1088		723		675		777		812		733		741		606		690		598		657		602		537		389		246		247		185		127		138

		1996		1662						1306		716				716																		1996		1662		1306		716		CaCO3 equivalent based on treated water volume and residual acidity																																						477		478		309		384		571		240		193

		1997		1009						996		891				891																		1997		1009		996		891

		1998		1197						1238		806				806																		1998		1197		1238		806

		1999		700						1150		536				536																		1999		700		1150		536

		2000		623						1166		500				500																		2000		623		1166		500

		2001		534						802		576				576																		2001		534		802		576

		2002		736						1276		602				602																		2002		736		1276		602

		2003		685						1172		543				543																		2003		685		1172		543

		2004		591						991		549				549																		2004		591		991		549

		2005		620						1410		449				449																		2005		620		1410		449

		2006		671						1199		511				511																		2006		671		1199		511

		2007		406						939		443		1528874		443																		2007		406		939		443

		2008		628						990		487		2072948		487																		2008		628		990		487

		2009		557						1195		446		1831440		446																		2009		557		1195		446

		2010		370						1050		398		1756911		398																		2010		370		1050		398

		2011		435						1076		288		2022194		288																		2011		435		1076		288

		2012		275						1066		182		1600650		182																		2012		275		1066		182

		2013		347						1001		183		2243248		183																		2013		347		1001		183

		2014																																2014		418

		2015		240																														2015		240

		Stream Bed Sample 42

		Date		Initial acidity		Residual Acidity		% Removed

		Jul-14		844		218		74

		Aug-14		802		210		74

		Oct-14		791		193		76

		Apr-15		458		96		79

		Jul-15		635		186		70

		Oct-15		656		150		77

		Apr-16		687		166		76

		Jul-16		678		164		76

		Oct-16		708		172		76

		Jan-17		708		157		78
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		Sample location Mine water wells

		Residual acidity graphs

		MW26S						MW 26S % acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW 26S % acid removed

		1988		6188		3798		39

		1990		4781		2879		40

		1992		6250		4134		34

		1994		3719		2209		41

		1996		2229		1618		27

		1998		1363		1139		16

		2000		2583		1683		35

		2004		1521		634		58

		2006		1062		436		59

		2007		625		255		59.22

		2010		395.83		109		72.49

		2012

		2014		364.58		99		72.97

		2016		291.67		57		80.56

		Strong acid mine drainage with limited in situ neutralization but it is increasing

		MW26D						MW 26D % acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW 26D % acid removed

		1988		1447		834		42

		1990		4656		2869		38

		1992		2677		1704		36

		1994		2781		1695		39

		1996		2406		1326		45

		1998		1294		1345

		2000		1719		1013		41

		2004		1563		692		56

		2006		542		584

		2007		1250		527		57.87

		2010		1156		468		59

		2012		1073		365		66

		2014		990		385		61

		2016		635		227		64

		Strong acid mine drainage with limited in situ neutralization but it is increasing

		MW27S						MW 27S % acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW 27S % acid removed

		1988		148		6		96

		1990		1844		437		76

		1992		3271		1963		40

		1994		2833		2229		21

		1996		803		443		45

		1998		969		1174

		2000		1896		1512		20

		2004		875		431		51

		2006		802		709		12

		Jun-07		385		210		45

		Jun-10		343		231		32

		Jun-12		385		251		35

		May-14		184		138		29

		May-16		188		124		34

		Strong acid mine drainage with limited in situ neutralization but it is increasing slightly

		MW17S						MW 17S% acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW 17S% acid removed

		1988		2583		1499		42

		1990		3583		2450		32

		1993		2427		1497		38

		1994		5700		2981		48

		1996		5729		3712		35

		1998		5302		3777		39

		2000		6292		5736		9

		2004		4167		3226		23

		2006		3542		2930		17

		2007

		2010		3645		2710		26

		2012		2916		2351		19

		2014		1000		360		64

		2016		750		232		69

		Strong acid mine drainage with limited in situ neutralization but it is increasing

		MW17D						MW 17D % acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW 17D % acid removed

		1988		6448		4722		27

		1990		8440		6384		24

		1993		2146		1378		36

		1994		4792		4004		15

		1996		1906		1307		31

		1998		1146		1065		7

		2000		1896		1235		35

		2004		3125		2190		30

		2006		3229		2563		21

		2007

		Jun-10		1688		992		41

		Jun-12		1698		1059		38

		Jun-14		1145		566		51

		May-16		906		371		59

		Strong acid mine drainage with limited in situ neutralization but it is increasing

		MW16S						MW16S% acid removed						MW16D						MW16D % acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW16S						Sample date		Initial Acidity (mg/l) MW 16D		residual acidty (mg/l)		% acid removed

		1988		538		132		75						1988		445		31		93

		1992		647		189		71						1992		506		17		97

		1993		393		67		83						1993		544		9		98

		1996		1156		554		52						1996		386		2		99

		1998		719		217		70						1998		383		40		90

		2000		985		239		76						2000		863		29		97

		2004		1052		321		70						2004		750		8		99

		2006		813		206		75						2006		1653		21		99

		Jun-10		812		235		71						Jun-10		895		36		96

		Jun-12		583		140		76						Jun-12

		Jun-14		583		146		75						Jun-14		875		30		97

		May-16		510		111		78						May-16		916		47		95

		Strong acid mine drainage withmoderate in situ neutralizationin outside of the mined area

														Strong acid mine drainage withmoderate in situ neutralization outside of mined area

		MW4A						MW`4A % acid removed

		Sample date		Initial Generated Acidity (mg/l)		residual acidty (mg/l)		MW`4A % acid removed

		1993		2177		1312		40

		1994		2084		1226		41

		1995		2177		1275		41

		1996		2084		922		56

		1998		2334		771		67

		2000		1427		621		56

		2004		1459		501		66

		2006		1417		477		66

		2007

		Jun-10		1115		363		67

		Jun-12		969		259		73

		Jun-14		614		132		78

		May-16		479		114		76

		Strong acid mine drainage withmoderate in situ neutralization outside of the mined area
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Comparison of Initial and Residual
Acidity in Mine Water Ponad
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Comparison of Initial and Residual Acidity
In Mine Water Pond- Impact of Dredging
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Estimated Lime Savings after Dredging
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Conclusions

= Decreases In initial mine water acidity a result of

acid generation “burning out”-less acid
production.
= SO, decreasing , (example well 26 above the sludge influence)
= mine water pH increasing
lower Al conc so partial dissolution of feldspars and mica?
= [n-situ neutralization IS occurring.
Residual acidity Is much less than initial acidity

=  We saw In well 16D that we can have nitial acidity
but have It mostly neutralized In-situ.



Conclusions

= The percentage of acidity removed In-situ
IS Increasing.
= \Waste rock weathering (smaller particle size... increased
surface area)?

= Trend will most likely continue but those sites at higher
percentages seem to taper off and not hit 100%

= Based at what we saw at well 16D, we may not need to hit
100%.

= At what point will the residual acidity be negligible at the
mine water pond but “spot™ neutralization may be required at
specific areas within the mine site?

= | ook at surface amendments to increase alkalinity?



Conclusions

= [here are some measurements that can be made
on the impact of the sludge on the acidity of the
mine water.

= The effect of dredging can be monitored by acidity and pH
changes as a plug or plume flow in the mine water pond
chemistry.

= Almost $60K in estimated lime savings from last 4 dredging
episodes

= Propose to look at potential cost savings to recycle sludge
directly back into waste rock during low groundwater flow
periods to reduce dredging costs.
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