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1.3 Figures 
 

 

 

 

 

Figure 1.1: Major river basins of North America with headwaters in the Canadian Rocky Mountains. 
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B) 

A) 

SK AB 

Figure 1.2: A) Bow River Basin shown in the context of the South Saskatchewan River Basin (i.e. refer to green outline in Figure 1.1) located in the Prairie 
Provinces of Canada (i.e. Alberta and Saskatchewan). B) Digital elevation model and delineated sub-watershed boundaries of the Bow River Basin. 
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Figure 1.3: Daily specific discharge hydrograph for the Bow River, located in a relatively large watershed (2228 
km2) in the Canadian Rocky Mountains. Stream flow was measured at Banff, Alberta. Refer to Figure 1.2 for 
location. Modified from Paznekas and Hayashi, (2016), data from Government of Canada, (2019). 
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 Figure 1.4: Distribution of common alpine aquifers in first-and second-order watersheds, feeding a major river. 
Modified from Hayashi, (2020). 
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value 10% outside the estimated range (e.g., for average winter baseflow, a value greater than 0.2 mm 

day-1, but less than 0.21 mm day-1 or a value less than 0.1 mm day-1 but greater than 0.09 mm day-1) it was 

given a normalized value of 0.1 indicating adequate model performance. This was process was 

incrementally followed until modelled values were approximately 100% outside the estimated range 

(Table 2.4). The 10% increments were chosen somewhat arbitrary, but this normalization process was 

followed over a binary approach to ensure each calibrated model was being sufficiently represented with 

respect to their objective function value. 

2.4 Results 
 Table 2.5 presents the resulting parameter values that best satisfied all the evaluation metrics 

and minimized the objective function for the Model 1, while the complete calibration results for Model 1 

can be found in the Appendix (Table A.1). Table 2.6 presents the final results for all models. 

2.4.1. Model 1: Spatially Variable Recharge Flux - Geophysics 
 Modelled spring discharge matched well with measured spring discharge with the optimized 

parameter values with NSE and Log-NSE values of 0.76 and 0.88, respectively (Table 2.6). Modelled results 

accurately represented late season (i.e. August - October) stream discharge, however failed to represent 

peak discharge at the spring during early July (Figure 2.9A). Similarly, modelled lake levels showed the 

most deviation compared to measured values during the summer (i.e. June - August), with better model 

performance during the late season (Figure 2.9B). Overall, NSE for simulated lake level was 0.31. Both 

realistic winter discharge and lake levels were produced with this model, with values of 0.15 mm day-1 and 

2259.24 m.a.s.l., respectively. Modelled dynamic storage was slightly above that estimated (e.g., Table 

2.6) with a value of 189 mm. 

2.4.2. Model 2: Spatially Uniform Recharge Flux - Geophysics 
 Results derived from Model 2 were similar to Model 1. NSE and Log-NSE for simulated spring 

discharge were 0.70 and 0.82, respectively while NSE for simulated lake level declined to 0.10. Once again 

late season flows and lake levels were represented more accurately compared to summer flows and lake 

level, however compared to Model 1, summer and peak flows were represented slightly more accurately 

(Figure 2.9A). Winter lake level remained virtually unchanged at 2259.16 m.a.s.l., while winter discharge 

increased marginally to 0.16 mm day-1, compared to Model 1 results. Modelled storage increased to 201 

mm, which is approaching an unrealistically high value. 
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catchments. The SDM performed well, simulating the non-linear S-D dynamics of the Opabin Spring 

Watershed and was able to yield sufficient winter baseflow, without simulating the underling physics that 

dictate the movement of water in the subsurface of these catchments. Considering the baseflow modules 

in existing hydrologic models (e.g., Figure 13B in Wheater et al., 2022) often underestimate winter 

baseflow of alpine streams and rivers as they do not explicitly represent the non-linear S-D relationship 

expressed by alpine aquifers and alpine catchments as a whole, this SDM may improve the capability of 

these models to simulate the low flow period of mountain rivers. Future studies should investigate the 

validity of this claim by implementing the SDM in a larger river basin (e.g., Upper Bow River Basin; see 

Chapter 3). 
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Table 2.3: Paramter values for the pertinent alpine aquifers present in the Opabin Spring Watershed, calculated from previous 
field- and modelling-based studies. Sy represents specific yield, Kt is the hydraulic conductivity of the upper layer, Kb is the hydraulic 
conductivity of the lower layer, and Td is the transition depth between the lower and upper layer (refer to Figure 2.6B). Exposed 
bedrock is assumed to be impermeable in distributed models. 

 Alpine 
Meadow Talus Moraine Exposed 

Bedrock 

Sy (Dimensionless) 0.3 - 0.4 0.2 - 0.4 0.1 - 0.25 N/A 

Kt (m s-1) 10
-4

 10
-2

 10
-1

- 10
-3

 Less than 10
-7

 

Kb (m s-1) 10
-7

 10
-3

 10
-5

 Less than 10
-7

 

Td (m) Variable 0.01 - 0.1 2 - 5 N/A 

Reference McClymont 
et al. (2010) 

Fetter (2001); 
Clow et al. (2003); 
Muir et al. (2011); 

Kurylyk and Hayashi 
(2017) 

Langston et al. 
(2013); 

Vincent et al. (2019); 
He (2021) 

Wilson and Guan 
(2004); 

Welch and Allen (2014) 
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Table 2.4: Normalized value alloctaed to pertinent evaluation metrics that had a range instead of values ranging from 0 to 1 (e.g., 
NSE). Smaller normzliaed values are indiciative of better model performance or more realistic values for their respective evaluation 
metric. If the model produced a value within the estimated range, the given metric was give a score of 0 indidicating good model 
performance. If the model produced a value 10% outside the estimated, the metric was given a value of 0.1. This was process was 
incrementally followed until modelled values were approximately 100% outside the estimated range. 
 

 

 

 

 

 
 

Normalized 
Value 

Average Winter Baseflow 
(mm d-1) 

Dynamic Storage 
(mm) 

Average Winter Lake Level 
(m.a.s.l.) 

Upper Bound Lower Bound 
Upper 
Bound 

Lower 
Bound 

Upper Bound Lower Bound 

0 
(Good Performance) 0.2 0.1 150 50 2259.9 2252.1 

0.1 0.21 - 0.2 0.1 - 0.09 160 - 150 50 - 40 2260.7 - 2259.9 2252.1 - 2251.3 

0.2 0.22 - 0.21 0.09 - 0.08 170 - 160 40 - 30 2261.5 - 2260.7 2251.3 - 2250.5 

0.3 0.23 - 0.22 0.08 - 0.07 180 - 170 30 - 20 2262.3 - 2261.5 2250.5 - 2249.7 

0.4 0.24 - 0.23 0.07 - 0.06 190 - 180 20 - 10 2263.1 - 2262.3 2249.7 - 2248.9 

0.5 0.25 - 0.24 0.06 - 0.05 200 - 190 > 10 2263.9 - 2263.1 2248.9 - 2248.1 

0.6 0.26 - 0.25 0.05 - 0.04 210 - 200 

N/A 

2264.7 - 2263.9 2248.1 - 2247.3 

0.7 0.27 - 0.26 0.04 - 0.03 220 - 210 2265.5 - 2264.7 2247.3 - 2246.5 

0.8 0.28 - 0.27 0.03 - 0.02 230 - 220 2266.3 - 2265.5 2246.5 - 2245.7 

0.9 0.29 - 0.28 0.02 - 0.01 240 - 230 2267.1 - 2266.3 2245.7 - 2244.9 

1.0 
(Poor Performance) > 0.29 < 0.01 > 240 > 2267.1 < 2244.9 
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A) B) 

Spring outlet Spring outlet 

C) D) 

Opabin Lake 

Opabin Glacier 

Proglacial Moraine 
Talus 

Opabin Creek 

Opabin Creek 

Figure 2.2: Photographs depicting several key features of the Opabin Spring Watershed. A) Spring outlet (flow is moving 
away from camera). B) Positing of the spring outlet relative to the toe of the proglacial moraine (flow is moving toward 
camera). C) Moraine and talus field, with the Opabin Glacier in behind. D) Opabin Lake and a prototypical talus slope. 
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B) 
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No Flow 
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No Flow 
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Constant Head 
Boundary 

Figure 2.6: A) Domain of Model 1, represented by a structured 50 m grid. Individual grid cells are displayed according to 
their respective discretized landcover type or boundary condition. Grey cells represent the inactive portion of the model 
domain. B) Conceptual model for Model 1. Key physical processes and model parameters are illustrated in accordance to 
several example cells. The visible top boundary of the cells are derived from the resampled LiDAR DEM. 

2210 

2230 

2250 

2270 

2290 

Geophysics Focal Mean 

Elevation(m
.a.s.l.) 

 

A) B) 

Spring Outlet 

Bedrock Sill 

Opabin Lake 

Figure 2.5: Bedrock topography maps delineated from A) geophysical data (McClymont et al. 2010; Langston et al. 2011; 
McClymont et al. 2012) and B) the focal mean approach (Donnely et al., 2007). The coloured extent in both images depict 
the cumulative extent of the geophysical surveys conducted in the moraine-talus field. Both images have a 50 m resolution 
and only elevations between 2210-2300 m.a.s.l. are illustrated to emphasis bedrock rides and depressions that are 
present. Several key features including the spring outlet, Opabin Lake, and a prominent bedrock sill that diverges 
groundwater flow into Opabin Lake and toward the spring outlet are illustrated with the geophysics data. 
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A) B) 

Figure 2.7: A) Example of distributed recharge flux applied across the OSW on A) June 1st and B) August 1st. The recharge 
flux constitutes of both snowmelt outputs from the Utah Energy Balance model, determined by Hood and Hayashi, (2015) 
and precipitation measurements that were taken at the OSW weather station as described in Hood, (2013). Data derived 
from Hood and Hayashi, (2015). 

No Flow 
Boundary 

No Flow 
Boundary 

No Flow 
Boundary 

A) 

B) 

0 500 1000

500 

y (m) 
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No Flow 
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C) 

Figure 2.8: A) Domain of Model 5, represented by a structured 50 m grid. Individual grid cells are displayed according to 
their respective discretized landcover type or boundary condition. Grey cells represent the inactive portion of the model 
domain. B) Two and C) Three dimensional model for Model 5, created illustrating a scenario with no slope applied and a 
30 m maximum depth. 



43 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
B) 

A) 

Figure 2.9: Simulation results for Models 1-4. A) Simulated spring discharge for each model from May to November are 
illustrated as unique colours and plotted against measured discharge (black line) and the recharge flux (grey columns). 
B) Simulated Opabin Lake for each model from May to November are illustrated as unique colours and plotted against 
measured lake level (black line). 
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B) 

A) 

C) 

Figure 2.10: Simulation results for Model 5. A) Simulated spring discharge for three different slope scenarios (i.e. 
10 degrees; red line, 5 degrees; purple line; 2.5 degrees; blue line). All three model simulations have a maximum 
thickness of 30 meters. B) Simulated spring discharge for three different maximum thickness (i.e. 30 meters; light 
blue line, 20 meters; medium blue line; 10 meters; blue line). All three model simulations have a slope of 10 
degrees. C) Same simulations as seen in B), however only winter discharge after October 1st with less than 1 mm 
day-1 are shown. 
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 A) 

B) 

C) 

Figure 2.11: A) Simulated discharge for SDM and SFASH (i.e. Model 1) in the OSW. B) Relationship 
between simulated groundwater storage and discharge. Black dots indicate measured values. C) 
Relationship between simulated groundwater storage and discharge, where only values under 10 mm 
day-1 are illustrated to emphasize contribution from groundwater. 
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A) B) 

C) 
D) 

Figure 2.12: Qualitative sensitivity analysis for winter baseflow with respect to hydraulic parameters; transition depth (Td), specific yield (Sy), 
upper hydraulic conductivity (Kt), and lower hydraulic conductivity (Kb). A) Sensitivity to transition depth while Sy = 0.2, Kt = 2 x 10-3 m s-1, and Kb 
= 1 x 10-5 m s-1. B) Sensitivity to specific yield while Td = 1.0 m, Kt = 2 x 10-3 m s-1, and Kb = 1 x 10-5 m s-.1C) Sensitivity to upper layer hydraulic 
conductivity while Sy = 0.2, Td = 1.0 m, and Kb = 1 x 10-5 m s-1. D) Sensitivity to lower layer hydraulic conductivity specific yield while Sy = 0.2, Td = 
1.0 m, and  2 x 10-2 m s-1. 



47 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A) B) 

C) D) 

Figure 2.13: Qualitative sensitivity analysis for winter lake level with respect to hydraulic parameters; transition depth (Td), specific yield (Sy), upper hydraulic 
conductivity (Kt), and lower hydraulic conductivity (Kb). A) Sensitivity to transition depth while Sy = 0.2 m, Kt = 2 x 10-3  m s-1, and Kb = 1 x 10-5 m s-1. B) 
Sensitivity to specific yield while Td = 1.0 m, Kt = 2 x 10-3 m s-1, and Kb = 1 x 10-5m s-1. C) Sensitivity to upper layer hydraulic conductivity while Sy = 0.2, Td = 
1.0 m, and Kb = 1 x 10-5 m s-1. D) Sensitivity to lower layer hydraulic conductivity specific yield while Sy = 0.2, Td = 1.0 m, and Kt = 2 x 10-2 m s-1. 
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2.2 for a hydrological and geological-based description of the Opabin Spring Watershed, which is located 

within the LORB. 

3.3.2. Upper Bow River Basin 
 The study area chosen to validate the workflow was the 2228 km2 Upper Bow River Basin (UBRB; 

Figure 3.2A), located in southwestern Alberta along the eastern edge of the continental divide in the 

Canadian Rocky Mountains. The UBRB serves as the headwaters of the Bow River, which flows eastwardly 

into the South Saskatchewan River (i.e. at the Oldman River confluence), which eventually drains into 

Hudson Bay. The UBRB contains a range of landcover including alpine rock (i.e. consolidated and 

unconsolidated), developed areas, alpine meadows, and subalpine forests that are dominated by 

coniferous trees (e.g., subalpine fir (Abies lasiocarpa), englemann spruce (Picea engelmannii), and 

lodgepole pine (Pinus contorta)). Elevation ranges from 1376 (i.e. gauging station at Banff) - 3544 m.a.s.l. 

(i.e. Mount Temple) in the watershed, while annual precipitation ranges from 800-1500 mm, increasing 

with elevation (Demuth et al., 2008). Glacier coverage in the watershed is estimated to be on the order 

of 2.0 to 2.5% of the UBRB, the majority of which occurring at elevations between 2500-2900 m.a.s.l. 

(Hopkins and Young, 1998; Bash and Marhsall, 2014). The geology of the region is characterized by folded 

and faulted sedimentary rock composed of limestone, sandstone, siltstone, dolostone, and shale (Prior et 

al., 2013). 

3.3 Methods 
 This chapter presents an approach to map the spatial extent and distribution of talus and moraine, 

among other alpine landcover, following a relatively standard object-oriented image classification 

workflow. Figure 3.3 provides an overview of the workflow, while sections 3.3.1.-3.3.5 describe the 

individual steps in detail. 

3.3.1. Classification Schema 
The first step of the workflow involves the definition of a classification schema. Each class (i.e. a 

unique landcover in the area of interest) in the schema must be well defined and mutually exclusive from 

the others selected, while also help satisfy the classification objectives. 

The classification schema used for the LORB classification included alpine meadow (i.e. 

representing all vegetated areas), bedrock, glacier, moraine, talus, and water. Additional sub-classes were 

designated for each respective landcover during the training stage, representing shadowed portions (i.e. 

refer to section 3.3.5). 
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periodically struggle to simulate the baseflow of mountain rivers. This chapter presented perhaps the first 

Canadian attempt to delineate talus and moraine across an entire alpine river basin following a remote 

sensing-based approach, to further provide a relatively efficient means to incorporate the spatial 

characteristics of talus and moraine into an existing large-scale hydrologic model. 

The workflow was initially developed and tested at the 13.6 km2 LORB in British Columbia where 

it successfully delineated the desired alpine landcover, including talus and moraine, with an overall 

accuracy rating of approximately 92%. The workflow was validated in the 2228 km2 UBRB in Alberta, where 

it exhibited a similar accuracy rating of 90%, inferring that the workflow likely has the capacity to be 

implemented in other large alpine river basins. These two implantations of the workflow also conferred 

that talus and moraine share similar spectral characteristics to one another when observed remotely, 

however they differ from one another with respect to their physical characteristics and spatial positioning. 

These properties (e.g., slope, curvature, and positioning) can be easily derived from a DEM and need to 

be incorporated into the workflow in some capacity to achieve sufficient results. 

While there is considerable room for improvement, this provides a good starting point to 

accurately and efficiently map the spatial extent and distribution of talus and moraine in relatively large 

alpine river basins. Future work should attempt to employ a relatively more robust classifier, such as a 

deep learning convolutional neural network and repeat the workflow in a similar size river basin to 

continually validate its capability to accurately delineate the two alpine landforms. Additionally, a 

comparatively standard spectral-based approach that does not explicitly incorporate any physical- or 

textural-based characteristics could be tested to actually quantify the difference in accuracy compared 

with this newer approach.  
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Table 3.5: Number of training samples collected for each class for the Upper Bow River Watershed classification. 

Class Number of Training Samples 

Bedrock 996 

Bedrock Shadow 711 

Developed 345 

Developed Shadow 186 

Forest 794 

Forest Shadow 161 

Glacier 491 

Glacier Shadow 161 

Grassland 675 

Grassland Shadow 170 

Moraine 252 

Moraine Shadow 153 

Outwash/Alluvial Channel 237 

Outwash/Alluvial Channel Shadow 173 

Talus 475 

Talus Shadow 396 

Water 674 

Water Shadow 151 
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Table 3.11: Resulting landcover statistics for the Upper Bow River Watershed. The total area is 2228.3 km2. 
 

Landcover Percent Distribution (%) 

Bedrock 22.9 

Developed 1.0 

Forest 42.7 

Glacier 2.9 

Grassland 13.2 

Moraine 3.5 

Outwash/Alluvial 0.6 

Talus 11.9 

Water 1.3 
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Figure 3.11: Subset map in the Lake Louise area in the context of the Upper Bow River Watershed. A) False colour composite. B) Reclassified map. 
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has already demonstrated the ability to emulate the non-linear storage discharge relationship expressed 

by surficial alpine aquifers (He and Hayashi, 2023) is then suggested to replace the current equation used 

to compute baseflow in MESH. Notably, the proposed function has demonstrated that it has the capability 

to simulate sufficient winter baseflow in alpine catchments, while the current treatment often under 

predicts winter baseflow. Although these proposed changes theoretically improve the capacity of large-

scale hydrologic models (e.g., MESH) to accurately estimate and predict the winter baseflow of mountain 

rivers, it is likely naïve to assume that these changes will undoubtedly or automatically incur better model 

performance. Future work should test whether these changes do in fact result in any improvement by 

comparing the results of the model with these suggested updates compared to the current model set up, 

to validate this proposal. 
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4.6 Tables 
 
Table 4.1: Drainage database structure currently used in the MESH modelling platform to detail the percent distribution of the pertinent landcover in each sub baisn element. The 
percent landcover shown here is based on the results of the classification of the Upper Bow River Basin presented in Chapter Two of this thesis. Sub basin elments, are identified 
according to their segment ID presented in the MERIT - Hydro raster hydrography dataset. The area of each segment was additionally included here to provide some spatial context. 
SF and NF refer to south and north facing slopes, respectively. 

Segment ID 
 

Area 
(km2) 

 
Water 

(%) 

 
Developed 

(%) 

 
Grassland 

(%) 

 
Glacier 

(%) 

 
Forest SF 

(%) 

 
Forest NF 

(%) 

 
Forest Flat 

(%) 

 
Barren SF 

(%) 

 
Barren NF 

(%) 

 
Barren Flat 

(%) 

 
Moraine SF 

(%) 

 
Moraine NF 

(%) 

 
Moraine Flat 

(%) 

 
Talus SF 

(%) 

 
Talus NF 

(%) 

 
Talus Flat 

(%) 

71028585 6.24 3.32 29.35 13.26 0.07 5.49 37.11 8.42 0.03 0.29 0.00 0.27 0.23 1.27 0.04 0.83 0.02 

71028597 11.79 6.88 6.80 24.50 0.00 11.09 18.54 9.94 9.44 1.84 0.15 0.57 0.15 0.42 8.00 1.65 0.02 

71028609 18.73 1.46 2.21 7.98 0.01 22.28 30.90 5.70 8.84 7.21 0.15 0.40 0.15 0.23 6.58 5.88 0.01 

71028676 120.13 1.26 2.31 16.93 0.13 16.84 24.98 6.89 9.74 8.25 0.22 0.25 0.49 0.43 6.37 4.85 0.06 

71028700 12.54 2.11 4.63 7.34 0.12 23.34 28.68 22.76 0.68 3.85 0.07 0.00 0.13 1.11 1.34 3.42 0.41 

71028740 62.59 1.43 1.98 9.01 0.12 34.92 25.43 7.16 6.99 5.50 0.29 0.09 0.62 0.46 2.73 3.22 0.07 

71028852 113.25 1.03 2.48 5.48 0.30 28.67 36.10 6.62 7.51 4.33 0.36 0.20 0.72 0.31 3.77 2.04 0.08 

71028904 28.69 0.73 1.86 3.55 0.11 25.17 47.30 10.39 0.80 4.94 0.09 0.06 0.47 0.59 0.33 3.59 0.02 

71028957 29.02 1.30 2.38 7.32 0.06 40.39 34.04 6.06 2.51 1.48 0.14 0.16 0.21 0.71 2.29 0.91 0.04 

71028974 13.98 0.53 2.84 19.21 0.04 50.65 11.09 3.26 4.47 0.68 0.05 1.00 0.17 0.09 5.85 0.07 0.00 

71029016 8.36 1.57 9.60 3.05 0.00 15.77 55.95 12.22 0.00 0.15 0.00 0.21 0.23 1.11 0.00 0.16 0.00 

71029022 0.14 4.97 31.43 4.99 0.00 2.76 3.90 37.07 0.00 0.00 0.00 0.00 0.00 14.89 0.00 0.00 0.00 

71029071 9.52 1.91 8.07 5.96 0.00 43.65 24.08 13.49 0.00 0.00 0.00 0.57 0.17 2.10 0.00 0.00 0.00 

71029528 85.56 1.25 0.33 10.87 0.41 33.65 16.25 20.19 6.57 3.74 0.06 0.57 0.49 0.29 2.49 2.83 0.02 

71029778 33.23 0.66 0.10 6.88 1.57 13.93 15.35 15.64 17.11 8.91 0.32 1.00 4.55 0.32 8.22 5.42 0.03 

71029798 8.98 0.23 3.17 2.75 0.00 18.29 57.14 8.74 2.12 3.71 0.22 0.05 0.33 0.29 1.12 1.86 0.00 

71029857 26.89 0.81 10.03 23.35 0.01 23.46 16.28 7.82 7.19 1.61 0.03 0.59 0.18 0.29 7.09 1.24 0.01 

71029963 14.55 0.07 0.52 12.99 0.02 20.90 34.64 3.99 8.07 8.83 0.51 0.11 0.21 0.35 4.83 3.89 0.06 

71029992 80.62 0.55 0.36 18.17 0.28 27.29 19.08 7.12 6.28 7.75 0.28 0.46 2.97 0.43 5.30 3.64 0.05 

71030026 0.52 1.46 0.00 19.07 0.00 35.69 8.47 31.58 0.00 0.00 0.00 0.39 0.00 3.34 0.00 0.00 0.00 



91 
 

71030071 8.02 0.06 0.30 7.50 0.02 25.66 30.36 4.95 11.92 6.20 0.26 0.03 0.33 0.37 5.79 6.19 0.05 

71030100 19.69 0.15 0.40 16.15 0.07 9.64 32.64 3.95 9.82 11.96 0.63 0.06 0.76 0.18 6.33 6.68 0.58 

71030270 25.14 0.22 0.01 16.21 0.50 22.50 11.64 2.34 19.10 10.14 0.74 1.03 1.79 0.38 8.83 4.55 0.03 

71030287 32.08 0.12 0.33 12.90 0.09 36.29 16.78 6.83 8.36 5.24 0.42 0.40 0.47 0.54 7.91 3.29 0.02 

71030302 17.09 0.14 0.07 13.03 0.04 31.11 26.00 3.84 10.62 2.52 1.04 0.28 1.42 0.10 7.86 1.90 0.03 

71030418 74.49 0.36 0.14 16.84 0.57 9.61 18.59 2.52 17.74 15.04 0.53 0.18 2.48 0.15 8.29 6.89 0.08 

71030527 31.64 0.36 0.01 11.24 0.92 12.87 24.30 1.54 13.65 15.37 0.38 0.09 1.38 0.05 10.37 7.33 0.13 

71030563 36.32 0.04 0.02 21.04 0.17 12.97 22.23 1.62 14.67 11.11 0.36 0.16 0.62 0.07 8.86 5.99 0.07 

71030690 65.97 0.08 0.44 25.25 0.20 15.99 24.83 1.33 10.48 9.72 0.66 0.10 0.77 0.12 5.01 4.95 0.07 

71030774 35.56 0.03 0.50 12.42 0.04 23.27 40.15 3.21 3.70 8.43 0.13 0.02 1.06 0.03 2.88 4.10 0.03 

71030784 35.49 2.28 0.00 14.24 1.35 24.77 35.41 2.46 4.91 5.64 0.28 0.14 0.70 0.07 4.05 3.58 0.11 

71030838 50.69 1.57 0.02 9.37 8.08 20.80 17.00 2.79 10.86 10.54 0.20 1.59 3.03 0.34 6.34 7.27 0.19 

71030896 26.86 0.08 0.01 25.49 0.21 13.86 22.40 1.80 10.58 13.74 0.64 0.17 2.12 0.11 3.87 4.80 0.12 

71031094 31.70 0.06 0.00 14.84 0.38 27.70 15.71 2.01 13.38 11.41 0.39 0.22 0.42 0.06 8.60 4.59 0.22 

71031120 77.51 1.85 0.49 9.51 2.73 23.06 35.12 2.73 5.71 6.35 0.09 2.09 2.44 0.08 2.99 4.64 0.14 

71031296 93.33 0.20 0.01 15.78 0.36 19.22 16.27 2.70 13.19 13.44 0.47 0.11 1.08 0.05 8.30 8.70 0.12 

71031359 57.98 1.65 0.08 11.87 6.07 14.17 11.72 2.29 13.76 13.29 0.27 1.69 8.74 0.38 7.48 6.44 0.10 

71031503 37.46 1.16 0.08 10.06 6.75 7.98 20.02 1.50 11.53 17.32 0.09 1.14 7.73 0.26 6.78 7.51 0.08 

71031506 123.10 0.40 0.14 14.95 0.89 17.48 14.87 2.33 20.07 12.33 0.44 0.33 1.19 0.27 7.79 6.38 0.14 

71031643 30.69 3.11 0.92 8.03 12.81 6.39 15.99 0.36 8.16 16.83 0.06 2.60 8.20 0.20 8.32 7.84 0.17 

71031654 30.42 0.43 0.16 24.28 0.94 25.82 9.32 1.93 11.61 10.39 0.30 1.07 2.74 0.06 6.35 4.48 0.12 

71031687 27.93 0.59 0.02 5.57 2.05 4.43 6.59 0.97 23.84 33.15 1.09 0.13 4.12 0.06 8.07 9.00 0.32 

71031838 65.10 1.88 0.01 21.95 0.77 8.23 6.64 0.76 21.35 16.63 1.07 0.67 2.88 0.14 9.41 7.41 0.18 

71031893 70.71 0.32 1.48 4.88 11.34 11.99 24.65 3.42 6.74 8.03 0.12 5.76 3.30 0.77 9.37 7.75 0.08 

71032102 48.07 1.31 0.00 14.08 2.84 12.83 20.86 2.34 13.41 11.58 0.27 1.12 6.01 0.14 8.50 4.60 0.12 

71032185 71.51 8.76 0.35 5.72 18.89 8.24 4.63 0.64 16.80 6.21 0.21 9.08 6.68 1.07 7.15 5.47 0.10 

71032217 56.84 0.27 0.08 17.52 6.59 9.36 11.86 1.06 17.50 15.03 0.61 1.99 6.75 0.26 7.86 3.21 0.05 
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71032292 25.59 0.24 0.01 7.38 10.48 3.40 2.76 0.33 30.74 17.34 0.43 2.89 2.99 0.31 11.41 9.16 0.12 

71032409 65.79 1.03 0.00 17.45 2.23 6.35 10.45 0.47 27.73 14.43 0.64 1.23 3.05 0.14 8.54 6.21 0.06 

71032422 50.93 0.14 0.03 14.50 1.82 9.97 4.35 1.79 26.87 11.82 0.72 3.12 1.80 0.20 13.52 9.24 0.10 

71032440 107.01 3.66 0.19 11.60 7.89 14.82 9.10 2.95 14.92 9.01 0.27 3.67 5.63 0.32 8.83 7.07 0.06 

 












































