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RUNOFF
4,200 m3/yr

PRECIPITATION
139,000 m3/yr

EVAPORATION
56,800 m3/yr INFILTRATION

78,000 m3/yr

STORAGE

BASEFLOW
14,000 m3/yr

SEEPAGE
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SW9 Dissolved Iron vs Tidal Cycle

0

1

2

3

4

5

6

2/9/06 12:00

2/9/06 18:00

2/10/06 0:00

2/10/06 6:00

2/10/06 12:00

2/10/06 18:00

2/11/06 0:00

2/11/06 6:00

2/11/06 12:00Date and Time

Ti
de

 H
ei

gh
t (

m
)

30.0

35.0

40.0

45.0

50.0

55.0

D
is

so
lv

ed
 Ir

on
 

C
on

ce
nt

ra
tio

n 

(m
g/

L)

Tide
SW9 - [Fe]

SW9 Dissolved Chloride vs Tidal Cycle

0

1

2

3

4

5

6

2/9/06 12:00

2/9/06 18:00

2/10/06 0:00

2/10/06 6:00

2/10/06 12:00

2/10/06 18:00

2/11/06 0:00

2/11/06 6:00

2/11/06 12:00Date and Time

Ti
de

 H
ei

gh
t (

m
)

8600

8800

9000

9200

9400

9600

9800

10000

10200

D
is

so
lv

ed
 C

hl
or

id
e 

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Tide
SW9 - [Cl]



Iron vs Chloride Seepwater
Trend Evaluation 

Iron vs Chloride Seepwater
Trend Evaluation 
SW11 Dissolved Iron vs Tidal Cycle

0

1

2

3

4

5

6

2/9/06 12:00

2/9/06 18:00

2/10/06 0:00

2/10/06 6:00

2/10/06 12:00

2/10/06 18:00

2/11/06 0:00

2/11/06 6:00

2/11/06 12:00Date and Time

Ti
de

 H
ei

gh
t (

m
)

140

150

160

170

180

190

200

210

220

230

240

D
is

so
lv

ed
 Ir

on
 

C
on

ce
nt

ra
tio

n 

(m
g/

L)

Tide
SW11 - [Fe]

SW11 Dissolved Chloride vs Tidal Cycle

0

1

2

3

4

5

6

2/9/06 12:00

2/9/06 18:00

2/10/06 0:00

2/10/06 6:00

2/10/06 12:00

2/10/06 18:00

2/11/06 0:00

2/11/06 6:00

2/11/06 12:00Date and Time

Ti
de

 H
ei

gh
t (

m
)

3000

3500

4000

4500

5000

5500

6000

D
is

so
lv

ed
 C

hl
or

id
e 

C
on

ce
nt

ra
tio

n 

(m
g/

L)

Tide
SW11 - [Cl]



Groundwater – Seepwater
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Dissolved Iron Concentration over Tidal Cycle
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Dilution AssessmentDilution Assessment

Estimated Average Seawater Dilution between Perimeter Wells 
and Seeps based on Iron Concentrations

Location Dissolved Fe (mg/L)

September 
2005

October 
2005

December 
2005

January 
2006

February 
2006

BH20 475 400 340 480 750

SW9 110 200 85 30 50

Approx.Dilution 77% 50% 75% 94% 93%

BH16 960 710 265 185 320

SW11 60 45 20 200 170

Approx.Dilution 94% 94% 93% 0% 47%



Dilution AssessmentDilution Assessment

Estimated Average Seawater Dilution between Pile and Seeps 
Based on Water Balance Method

Location Combined 
Seepage 

Measured 
Flow Rates 

(L/sec)

Estimated 
Total 

Annual 
Seepage 
(m3/yr)

Estimated 
Pile 

Groundwater 
Discharge 

(m3/yr)

Approx. 
Dilution by 
Seawater

North Face 17.0

490,000 78,000 84%East Face 9.2

Spatially 
Distributed

5.0
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279 ug/L
32 ug/L

43 ug/L

28 ug/L
32 ug/L

292 ug/L

63 ug/L

3220 ug/L



Coastal Dispersion ModelingCoastal Dispersion Modeling
Surface water dispersion model (Lam et al., 1994) 
used to examine behavior of Fe in Baynes Sound

Used to identify distance from and along shoreline from  
seepage discharges with Fe concentrations > 300 ug/L
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Table A.  Results of coastal dispersion model runs at Union Bay. 
Parameter Run 1 Run 2 Run 3 
Mo (μg/s) 629,000 629,000 629,000 

Lam, DCL, Murthy, CR and Simpson, RB. 1984. Effluent Transport and Diffusion Models for the Coastal Zone (Lecture Notes of 
Coastal and Estuarine Studies, 5).  Springer-Verlag, New York, NY. 168 pp.

k (1/s) 0.00019 0.00019 0.00019 
u (m/s) 0.01 0.1 1 
Ez (m

2/s) 0.6 0.6 0.6 
Ex (m

2/s) 0.2 0.2 0.2 
Dx

a (m) <50 <100 <100 

Dz
b (m) <100 <50 <50 

a Distance from shoreline (m) at which dissolved iron water column 
concentration falls below 300 μg/L. 

b  Distance along shoreline (m) from the point of release at which dissolved iron 
water column concentration falls below 300 μg/L. 

Model results indicate rapid reduction of Fe 
concentrations within 50-100 m from point of 
discharge (in all directions) 
Close agreement between sampling results and 
model results 

Model results indicate rapid reduction of Fe 
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discharge (in all directions) 
Close agreement between sampling results and 
model results 
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Groundwater discharge occurs primarily within 
the top 1 metre of saturated materials
Seawater intrusion and mixing with groundwater 
is highly variable but causes approximately 90% 
dilution at the pile perimeter on a net annual 
basis
Seep flowrate from SW9 and SW11 (combined) 
is about 6% of the observed seepage discharge
Groundwater discharge at north side of the pile 
is approximately twice as high as the east side
In general, dissolved iron is inversely 
proportional to chloride concentrations
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Barrier wall installation 
around perimeter
Barrier wall installation 
around perimeter

Contaminated soil 
relocation to pile
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Low permeability cover 
to reduce infiltration
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Groundwater and 
leachate treatment as 
part of ongoing sewage 
management
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Hart Creek RealignmentHart Creek Realignment
2006 – Hart Creek realigned to reduce erosion of 
Waste Coal Pile into estuary
2006 – Hart Creek realigned to reduce erosion of 
Waste Coal Pile into estuary
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Groundwater concentrations beneath the pile 
are expected to remain highly variable
Seepage flow rates are not expected to be 
significantly reduced
Seep locations and discharge characteristics 
may change over time
To assess future loadings in a meaningful way, 
data must be evaluated based on net annual 
trends as opposed to isolated monitoring events 
so that short term variability is kept within 
context
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Permanent remedial solution for Waste Coal 
Pile
Greater than 90% reduction in annual 
contaminant loadings to the environment   
are expected
Barrier wall insurable, reduces leachate 
migration to foreshore
Deep soil mixing technology is proven on 
Vancouver Island and elsewhere for 
improving soil stability
Post-remedial development will provide 
economic opportunities for local community
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