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Major concerns identified re: SR1

 Climate change, including the impacts from extreme flood and drought
conditions and how that might affect the safe and efficient operation of
SR1.

 Knowledge of the hydrogeologic regime and its influence on the success
of SR1.

 Efficacy of the groundwater modelling to allow an informed decision to be
made regarding whether or not to approve SR1.

 Review of the geochemical and water quality issues that could arise if
SR1 is constructed and operated as planned.
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Climate change

 SR1 design has not considered the likely magnitude of floods that have 
occurred in the past due to the protracted flow records for the Elbow 
River.

 SR1 design does not consider the magnitude of floods that are likely to 
occur in the future due to an intensifying hydroclimate.

 SR1 does not consider the risk that the structure poses from extended 
drought conditions.

 SR1 does not increase the water security for the City of Calgary as stated 
by AB Transportation.
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Large floods of record in the Bow Basin have not been captured in the record of the Elbow River 
(does that mean they did not occur?)

Comparison of documented floods on the Bow River indicates that flows in the Elbow River pre-
dating the period of record could have been 2 or more times greater than the 2013 event.
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Source: City of Calgary https://www.calgary.ca/uep/water/flood-info/types-of-flooding-in-calgary/calgary-river-flows-historical-data.html
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Tree-ring reconstruction from Wildcat Hills 
(approx. 30 km to NW of SR1)

Paleo-records indicate numerous periods consistent with flood (above 90th percentile) and drought 
(below 10th percentile). Although this does not speak to individual events, its does speak to probability 
of occurrence (i.e. floods and drought happen more during extended wet and dry periods, respectively). 

Figure 10 of Exhibit 261, pdf pg. 18
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Source:  Sauchyn and Illich 2017
Source:  Axelsn et al. 2009)



“Future IDF curves show a wide range of increased 
intensities especially for storms of short durations 
(≤1-h). Conversely, future IDF curves are expected 
to shift upward because of increased air temperature 
and precipitable water which are projected to be 
about 2.9 °C and 29 % in average by 2071–2100, 
respectively.” (Kuo et al. 2015)

Anticipated changes due to climate change

Shift from mean results in increase in extreme 
conditions (>90th percentile)

Shift in precipitation IDF increases risk of 
higher floods of record

Figure 15 of 
Exhibit 261, 
pdf pg. 22
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Anticipated changes in precipitation and streamflow 
conditions

Projected shift in timing and magnitude of spring precipitation, as well as the anticipated change in 
river flow conditions, leads to an increase floods larger than 2013.

Figure 13 of Exhibit 261, pdf pg. 21
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Source:  Sauchyn et al. 2011Source:  Climate Atlas of Canada



Anticipated changes to flood frequency, magnitude, and 
probability

Figure 16 of Exhibit 261, pdf pg. 23

Flood statistics for wet climatic periods are very different from flood statistics generated from the entire 
period of record.  Shortening of return periods results in increased risk of higher magnitude floods.
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Year Return period

1:1000 1:500 1:200 1:100

5 0.5 1 2.5 4.9

10 1 2 4.9 9.6

25 2.5 4.9 11.8 22.2

50 4.9 9.5 22.2 39.5

100 9.5 18.1 39.4 63.4

% chance of occurrence

1:500

1:200
1:100

Source:  Water Survey of Canada



Risks posed by prolonged drought

Wind blown dust & respiratory risk

Ground cracking and increased seepage risk

Algal blooms & insects = additional heath risks

Decrease in water 
table promoting  
drying of clay/tills, 
increased 
fracturing, and 
creation and/or 
enhancement of 
seepage pathways.

Increased dust 
inhalation risk 
(fine particles 
with associated 
contaminants).

Accumulated water 
with nutrients + 
seasonal warming = 
algal blooms (e.g. 
cyanobacteria) & 
insect breeding.
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Increased forest fire 
hazard leading to 
higher watershed 
yields & associated 
river flows, plus 
degraded water 
quality



Hydrogeology, geochemistry & water quality

 Model setup does not honour the geology of the SR1 site; lack of K value 
measurements in the underlying clay/tills leads to concerns regarding the 
appropriateness of the results. 

o Systemic bias appears to be present in the model output leading to concerns 
regarding efficacy in certain parts of the model domain.

o Seepage estimates from SR1 reservoir are considered low due to model 
layering issues.

 Geotechnical concerns related to pore pressures and shear-slip risk.

 Water quality assessment is lacking with respect to any geochemical risk 
evaluation (i.e. mobilization of contaminants to local receptors).
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Geological setting: surficial deposits
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Exhibit 110, pdf pg. 47

Majority of SR1 reservoir footprint underlain by lacustrine clay

Isopach - glaciolacustrine clay Exhibit 110, pdf pg. 50

Side view of surficial deposits



Exhibit 178, pdf pg. 16

Exhibit  327, pdf pg. 44

Exhibit 159, pdf pg.  195

Discrepancy with geological configuration
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Exhibit 110, pdf pg. 473

Reported model layer parameter values
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Only 3 hydraulic conductivity (K) field tests actually completed for clay/tills intervals:  1 for clay and 
2 for tills (see Table 2-1 of Exhibit 110, pdf pg. 19-20) - not enough to properly constrain K field 
variability)

Some interesting configurations regarding K values assigned (e.g. Till-high K North)



Till

Clay

Model layer configuration: surficial deposits
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Exhibit 110, pdf pg. 113-116

No sand & gravel added for the unnamed creek, 
leading to a concern regarding groundwater 
pathway constraints. 



Exhibit 110 pdf pg. 121
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Model bias is apparent

Despite contention that model results are acceptable, evidence of “positive bias” exists for calculated 
residuals, plus some spatial bias to higher residuals east of the SR1 indicating issues within model domain 
(reduced confidence).

positive 
bias

variable 
bias

58% positive bias
(Range: -19 to +28 m)

Exhibit 110 pdf pg. 127
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Drawdown impact discrepancy

No drawdown impact identified around the SR1 outlet, even when an excavation 7 m or more below
the water table is in place (likely due to low K values selected). 

?

Exhibit 110, pdf pg. 141

Exhibit 159, pdf pg. 206

Exhibit 110, pdf pg. 75
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Modelled head increase & leakage estimates

Increase in head of up to 24 m 
over areas + high depth to 
groundwater = greater leakage 
potential from SR1 when full or 
partially filled. 

 Higher leakage estimates 
obtained when more 
appropriate K values used 
(analytical calculations suggest 
over 100,000 m3/d; even more if 
“Till-high conductivity North” 
values in Table E.1-2 used)

 Greater flushing of 
contaminants from or through 
clay/tills to bedrock and 
connected systems (e.g. outlet 
channel to Elbow River)

AT estimates 426 m3/d of 
leakage when SR1 full 

Exhibit 110, pdf pg. 149



Recharge

Discharge
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Mapped vertical flow gradients

Weak

Mapping of vertical flow potential (i.e. water table elevation minus potentiometric surface for bedrock) 
indicates weak upward gradient beneath SR1, and variable conditions around perimeter.

Depth to water table generally greater than 1 m, and up to 10 m or more in some locations.

Exhibit 110, pdf pg. 74 Exhibit 110, pdf pg. 75

Measured gradients



Variable measured vertical flow gradients

Assumption that flow gradients are consistently upward from 
the bedrock to clay/tills (as stated in Exhibit 327 pdf pg. 46) is 
challenged by lack of monitoring record. Possibility of long-
term sustained gradient reversal exists. 19

Exhibit 110, pdf pg. 78-80

(Adjacent Big Hill Springs Provincial Park)

Exhibit 110, pdf pg. 18

Monitoring period 
assessed by AT
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Geotechnical concerns

From Exhibit 178, 
pdf pg. 408 & 409 Increase in subsurface 

porewater pressures due 
to external loading (dam 
materials + water) is a 
concern with respect to 
possible shear-slip at 
interface between soil/rock 
or in weak soil intervals 
(i.e. montmorillonite-rich 
layers).

Exhibit 327 
pdf pg. 45



From App IR42-1
Exhibit 110
Pdf pg.92

Statistical comparison of TDS

Connectivity of clay/tills and bedrock (chemical evidence)

Similarity in major ion composition for groundwater in clay/tills and bedrock intervals provides evidence 
of hydraulic connectivity.

Statement that no difference exists in TDS values (Exhibit 327 pdf pg. 46 para.1) for clay/till and bedrock 
waters is unsubstantiated based on statistical testing. 21
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Water quality and risk to connected systems
 Baseline assessment indicates the presence of selenium and uranium above safe 

levels for human consumption and protection of aquatic life; elevated nutrients (i.e. 
organic & inorganic nitrogen) and coliforms also documented.

 Impact from contaminant flushing from clay/tills intervals to bedrock and connected 
systems (outlet channel drainage) increases risk of impact when SR1 full or partially 
filled.

 Mobilization of additional contaminants possible from introduction of oxygenated 
waters (enhanced reactions).

 Absolutely no assessment of:

o potential impact to groundwater quality

o actual redox state of the groundwater (oxidizing v. reducing)

o possible geochemical changes or transport & fate characteristics

The assumption that water quality will not be an issue prevails, 
but remains unassessed and unresolved.



Final considerations
 SR1 design does not address floods greater than the 2013 event (a 1:200) which can be 

expected.  
o MC1 is a superior option given its ability to manage higher magnitude floods (up to the 

PMF), protect all downstream communities, and store water for future drought mitigation 
(i.e. more in the public interest). 

 SR1 will increase the risk to human and ecological health due to:
o flushing/leakage of existing or accumulated contaminants to the underlying groundwater 

and connected systems

o dust inhalation from a large open area of accumulated sediments (with associated 
contaminants)

 SR1 only provides additional water security for the City of Calgary in flood years because:
o during prolonged drought conditions water levels in Glenmore reservoir will not likely be 

lowered as much in order to retained water for use

o flood risk will be low due to lack of precipitation (including snowpack), so SR1 will not be 
needed to support operations at Glenmore reservoir
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Final considerations

 AB Transportation (AT) has not provided a sufficient level of assessment relating to the 
physical and chemical hazards and related risks posed by SR1.

 AT should have assessed these hazards more fully to ensure that all stakeholders have 
the information necessary to fully understand the risks poses to the surrounding 
community and receiving environment.

 AT has relied on models to frame the hydrogeological risk of SR1, but nothing has been 
done to address geochemical risk.  

o It is also important to remember that models are only as good as the information used, 
understanding of the site, and skill of the modeller. They are non-unique and inherently 
inaccurate (but sometimes useful).

 AT is relying on monitoring to address the information gaps noted.  Monitoring is not 
mitigation, and often times when an issue is detected it is too late. That is why worst-
case assessment is important.
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Final considerations

 Many, if not all, of the issues related to SR1 would disappear if the MC1 option had 
been advanced.

 At the very least the proponent should be compelled to undertake more assessment 
work to provide the information necessary to facilitate a good decision in the public 
interest.

Thank you.


