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Groundwater Sampling Groundwater Sampling p gp g
ObjectivesObjectives

Characterize the baseline groundwater qualityCharacterize the baseline groundwater quality
–– overburdenoverburden
–– bedrockbedrock
–– between catchmentsbetween catchments
–– seasonallyseasonally

Help with interpretation of groundwater flow Help with interpretation of groundwater flow Help with interpretation of groundwater flow Help with interpretation of groundwater flow 
ratesrates
–– Recharge ratesRecharge ratesRecharge ratesRecharge rates
–– Discharge rates to streamsDischarge rates to streams
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Bedrock vs  OverburdenBedrock vs  OverburdenBedrock vs. OverburdenBedrock vs. Overburden

Bedrock:  Bedrock:  
–– 2006:  102006:  102006:  102006:  10
–– 2007:  132007:  13

O b d   O b d   Overburden:  Overburden:  
–– 2006:  242006:  24
–– 2007:  252007:  25
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Timing of Groundwater Timing of Groundwater gg
SamplesSamples

2004 (9 locations, 21 wells)2004 (9 locations, 21 wells)
–– SeptemberSeptember
–– OctoberOctober

2005 (18 l ti  34 ll )2005 (18 l ti  34 ll )2005 (18 locations, 34 wells)2005 (18 locations, 34 wells)
–– MarMar
–– MayMay

AugAug–– AugAug
–– NovNov

2006 (18 locations, 34 wells)2006 (18 locations, 34 wells)
–– MarMarMarMar
–– MayMay
–– AugAug
–– NovNov

2007 (20 locations, 38 wells)2007 (20 locations, 38 wells)
–– MarMar
–– MayMay

66

–– AugAug
–– NovNov
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Sampling Methodology:  Sampling Methodology:  p g gyp g gy
Key PointsKey Points

Dedicated submersible pumpsDedicated submersible pumps
LowLow--flow microflow micro--purgingpurgingLowLow flow microflow micro purgingpurging
Field parameters measured in flowField parameters measured in flow--
through cellthrough cellthrough cellthrough cell
Dissolved metals samples filtered inDissolved metals samples filtered in--line line 
i  th  fi ld ith di bl  filti  th  fi ld ith di bl  filtin the field with disposable filtersin the field with disposable filters
10% of samples collected in triplicate10% of samples collected in triplicatep pp p
Detailed QA/QCDetailed QA/QC
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AnalysesAnalysesAnalysesAnalyses

Field parametersField parameters
–– Specific Conductance (Total Dissolved Solids)Specific Conductance (Total Dissolved Solids)
–– Dissolved OxygenDissolved Oxygen
–– pHpH

Major ionsMajor ions
–– Ca, Mg, Na, KCa, Mg, Na, K
–– Alkalinity, SOAlkalinity, SO44, Cl, Cl

Total and dissolved trace elementsTotal and dissolved trace elements
Nutrients Nutrients 
–– NHNH33, NO, NO33, PO, PO44

99
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TDS Aug 07 Bubble PlotTDS Aug 07 Bubble PlotTDS Aug 07 Bubble PlotTDS Aug 07 Bubble Plot
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pH Aug 07 Bubble PlotpH Aug 07 Bubble PlotpH Aug 07 Bubble PlotpH Aug 07 Bubble Plot
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D O  Aug 07 Bubble PlotD O  Aug 07 Bubble PlotD.O. Aug 07 Bubble PlotD.O. Aug 07 Bubble Plot
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Dissolved Oxygen Dissolved Oxygen ygyg
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Box and Whisker PlotBox and Whisker PlotBox and Whisker PlotBox and Whisker Plot
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Dissolved Oxygen (field)Dissolved Oxygen (field)
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Total Dissolved SolidsTotal Dissolved Solids
Overburden Bedrock
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pH (field)pH (field)

Field pH Field pH
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Temperature (field)Temperature (field)
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Deep Groundwater TemperatureDeep Groundwater Temperature
Deposit AreaDeposit Area

Probe temperature with DepthTemperature (C)

0

500

0 5 10 15 20 25 30 35 40

Temperature (oC)

W tb 500

0
0 10 20 30 403525155

1000

Westbay 
Data 1000

1500

2000

h 
(ft

)

33.4 oC/km1500

2000

pt
h 

(ft
)

2500

3000

D
ep

th

24.1 oC/km

2500

3000

D
e

35003500

4000

2424

4000

4500

Series1

4000

4500



Shallow Groundwater TemperatureShallow Groundwater Temperature
Time Series MWTime Series MW--13S13S
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Shallow Groundwater TemperatureShallow Groundwater Temperature
Time Series PTime Series P--0505--7D7D
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Field ParametersField ParametersField ParametersField Parameters

Total Dissolved Solids (Specific Conductance):  Total Dissolved Solids (Specific Conductance):  
–– typically very low typically very low yp y yyp y y

pH:  pH:  
–– Typically neutralTypically neutralTypically neutralTypically neutral
–– Generally higher with depthGenerally higher with depth

Temperature:Temperature:Temperature:  Temperature:  
–– Average 4Average 4ooCC

Di l d ODi l d ODissolved Oxygen:  Dissolved Oxygen:  
–– Often at or near solubility even in deep wellsOften at or near solubility even in deep wells
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Field Parameters:  some Field Parameters:  some 
specificsspecifics

MWMW--12S:12S:
–– Highest TDS (median about 450 mg/L)Highest TDS (median about 450 mg/L)g ( g )g ( g )
–– Lower D.O.Lower D.O.
MWMW--5D 5M SRK5D 5M SRK--2:2:MWMW--5D, 5M, SRK5D, 5M, SRK--2:2:
–– Intermediate TDS (about 180 mg/L)Intermediate TDS (about 180 mg/L)

Hi h t H ( b t 8)Hi h t H ( b t 8)–– Highest pH (about 8) Highest pH (about 8) 
–– Lowest DO, along with MWLowest DO, along with MW--12S (0.5 mg/L)12S (0.5 mg/L)
MWMW--1S, 13S, SRK1S, 13S, SRK--5D, SRK5D, SRK--5S:  5S:  
–– Lowest pH on site (5.5Lowest pH on site (5.5--5.8)5.8)

2828
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Summary of “Field Summary of “Field 
” l” lParameter” AnomaliesParameter” Anomalies

TDS > 180 pH > 7 pH < 6 D.O. < 2
TDS > 180 pH > 7 pH < 6 D.O. < 2

MW-1S ●

MW-1M

p p

MW-12S ● ● ●

MW-12D ●

MW-1D

MW-2D ●

MW-3D

MW-5S

MW-13S ●

MW13D

MW-14S

MW-14D

MW-5M ● ● ●

MW-5D ●

MW-6D

MW-7S

KP-P4 ●

SRK2 ● ● ●

SRK3

SRK5S ●MW 7S

MW-7D

MW-8S

MW-8M

MW-8D ●

SRK5M

SRK5D

PQ4

P4SMW 8D ●

MW-9D

MW-10

MW-11SS

MW-11S
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Major IonsMajor IonsMajor IonsMajor Ions

CationsCations
–– Ca  Mg  Na  KCa  Mg  Na  KCa, Mg, Na, KCa, Mg, Na, K

AnionsAnions
–– HCOHCO33, SO, SO44, Cl, Cl

comprise most of the dissolved comprise most of the dissolved pp
solidssolids
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Cation Time SeriesCation Time SeriesCation Time SeriesCation Time Series
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MgMg
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NaNa
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Major Anion Major Anion jj
CompositionComposition

Most wells dominated by bicarbonateMost wells dominated by bicarbonate
Wells dominated by sulphate:Wells dominated by sulphate:Wells dominated by sulphate:Wells dominated by sulphate:
–– MWMW--5D5D
–– SRKSRK--55
MWMW--5 and SRK5 and SRK--5 clusters are the closest 5 clusters are the closest 
to the mineralized areato the mineralized area
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Spatial Variation in Spatial Variation in pp
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Spatial Variation in Spatial Variation in pp
Water QualityWater QualityStiff DiagramStiff Diagram

–– MWMW--1S vs. MW1S vs. MW--5D5D
MW5D, 5/11/05

Na Cl

MW1S, 5/13/05
Low TDS

High TDS

Dominated by carbonate 

Dominated by carbonate, 
sulphate and calcium

Ca Meas_Alk
Na Cl

y
and calcium

 .5 .5  1 1  1.5 1.5  2 (meq/l) 2

Mg SO4
Ca Meas_Alk

Mg SO4

 .5 .5  1 1  1.5 1.5  2 (meq/l) 2
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Spatial Variation in Spatial Variation in pp
Water QualityWater QualityStiff DiagramStiff Diagram

MW1S, 22/08/07
–– MWMW--1S over time1S over time

2005

2007

Na Cl
MW1S, 5/13/05

2005

Ca Meas_Alk

M SO4

Na Cl

 .5 .5  1 1  1.5 1.5  2 (meq/l) 2

Mg SO4
Ca Meas_Alk

Mg SO4
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Spatial Variation in Spatial Variation in pp
Water QualityWater QualityStiff DiagramStiff Diagram

MW5D, 15/03/07

–– MWMW--5D over time5D over time
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Summary of Composition Summary of Composition y py p
AnomaliesAnomalies

cations anions high SO4 % cations anions high SO4 %cations anions high SO4 %

MW-1S ●

MW-1M

MW-1D ●

MW 2D

cations anions high SO4 %
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OutlineOutlineOutlineOutline

1.1. ObjectivesObjectives
22 Field ParametersField Parameters2.2. Field ParametersField Parameters
3.3. Major IonsMajor Ions

4.4. Trace ElementsTrace Elements
55 N t i tN t i t5.5. NutrientsNutrients
6.6. TritiumTritium
7.7. Where we go from hereWhere we go from here
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Trace ElementsTrace ElementsTrace ElementsTrace Elements

metalsmetals
nonnon metalsmetalsnonnon--metalsmetals
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Fe Aug 07 Bubble PlotFe Aug 07 Bubble PlotFe Aug 07 Bubble PlotFe Aug 07 Bubble Plot
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Mn Aug 07 Bubble PlotMn Aug 07 Bubble PlotMn Aug 07 Bubble PlotMn Aug 07 Bubble Plot
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Dissolved Trace ElementsDissolved Trace Elements

Concentrations mostly below the  Concentrations mostly below the  
l t t lit it il t t lit it ilowest water quality criterialowest water quality criteria
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Trace ElementsTrace Elements
Concentrations Higher Than Other Concentrations Higher Than Other Concentrations Higher Than Other Concentrations Higher Than Other 

WellsWells
Ca Mg Na K Alk SO Al As Sb Ba Be Cd Cr Cu Fe Pb Mn Hg Mo Ni Se Ag Tl V ZnCa Mg Na K Alk SO4 Al As Sb Ba Be Cd Cr Cu Fe Pb Mn Hg Mo Ni Se Ag Tl V Zn

MW-1S

MW-1M ●

MW-1D

MW 2DMW-2D ●

MW-3D ● ● ●

MW-5S ● ●

MW-5M ● ● ● ● ● ● ●

MW 5DMW-5D ● ● ● ● ● ● ●

MW-6D

MW-7S

MW-7D

MW-8S

MW-8M

MW-8D

MW-9D

MW-10

MW-11SS

MW-11S

MW-11M
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MW-11D

David
Sticky Note
Note Mn data was not included (unintentional)




Trace ElementsTrace Elements
Concentrations Higher Than Other Concentrations Higher Than Other Concentrations Higher Than Other Concentrations Higher Than Other 

WellsWells
Ca Mg Na K Alk SO4 Al As Sb Ba Be Cd Cr Cu Fe Pb Mn Hg Mo Ni Se Ag Tl V Zn

MW-12S ● ● ● ● ● ● ●

MW-12D ● ●

MW-13S

MW13D ●

MW-14S ●

MW-14D ● ● ● ●

KP-P4

SRK2 ● ● ● ● ● ●

SRK3 ● ● ● ●

SRK5S

SRK5M ●SRK5M

SRK5D ● ●

PQ4 ● ● ● ● ● ● ● ● ●

P4S
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David
Sticky Note
Note Mn data was not included (unintentional)
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Nitrogen and PhosphorousNitrogen and Phosphorous

Nitrogen (ammonia, nitrite and nitrate) Nitrogen (ammonia, nitrite and nitrate) 
di ll t f l tidi ll t f l tioccur sporadically at a few locationsoccur sporadically at a few locations

Concentrations mostly below the Concentrations mostly below the yy
lowest criterialowest criteria
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Tritium Tritium the conceptthe conceptTritium Tritium –– the conceptthe concept
Tritium Concentrations in Anchorage Precipitation

• pre-1953 5-20 TU
• nuclear testing 1953
• peak of 1000’s TU
• half life of tritium = 12.4 yr
• pre-1953 currently ~1 TU

7373

from USGS Fact Sheet FS-022-02 
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7.7. Summary and Next StepsSummary and Next Steps
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Where we go from hereWhere we go from hereWhere we go from hereWhere we go from here

expand network of wellsexpand network of wells
check low tritium concentrationcheck low tritium concentrationcheck low tritium concentrationcheck low tritium concentration
continue data interpretationcontinue data interpretation
integrate interpretation with seeps and integrate interpretation with seeps and 
surface watersurface watersurface watersurface water
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SummarySummarySummarySummary

Very low dissolved solidsVery low dissolved solids
Surprisingly high dissolved oxygenSurprisingly high dissolved oxygen
Little to no exceedance of criteriaLittle to no exceedance of criteriaLittle to no exceedance of criteriaLittle to no exceedance of criteria
Relatively constant over timeRelatively constant over time
Probably mostly modern rechargeProbably mostly modern recharge
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Questions …Questions …
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