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June 23, 2021 

 

 

 

Attention: Friends of Big Hill Springs Provincial Park  
 

Re: Soil column flushing experiment – Addendum to Fennell (2021) 
review of MALP Summit Pit application 

               

Mountain Ash Limited Partnership (MALP) has applied to the Rocky View County to develop 

a gravel pit (the Summit Pit) within the headwaters area of the Big Hill Springs complex. The 

proposed pit location is approximately 3.3 kilometers east on Highway 567 from the Highway 22 

intersection  A hearing on 02 March 2021 was held to review the merits of this application (re: 

Bylaw C-8051-2020).  Prior to that hearing, a report was filed by Dr. Jon Fennell (Fennell 2021) 

identifying the risks associated with this development regarding the mobilization of turbidity and 

various other constituents.  The natural occurrence of elevated concentrations of certain metals and 

trace elements was noted, and is a remaining concern given the disruption to the natural system 

that will occur as a result of any gravel extraction operations. 

 

Figure 1.  Mapped preglacial channel for Big Hill Springs (left)1, where dot-dashed lines indicate 
extent of buried tributaries, and extent of lands owned by gravel operators near Big Hill 

Springs Provincial Park (right)2 Note: MALP property outlined in red. 

 
1 Excerpt from Figure 22 of Poschmann (2007)  

2 Excerpt from a figure provided by Bighill Creek Preservation Society  
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The following is a summary of an experiment conducted on a sand and gravel sample obtained 

from Hillstone Aggregates, an operating pit located approximately 800 m west of the proposed 

Summit Pit.  Hillstone Aggregates is accessing this sand and gravel from the same deposit that 

MALP intends to mine (see Figure 1).  Therefore, the assumption of similar physical and chemical 

properties is reasonable.  The proposal that MALP has put forward for the Summit Pit is to mine 

the 20-30 m thick accumulation of sand and gravel to within 1 metre of the water table, which is 

located very close to the underlying fractured bedrock.  The purpose of this test was to mimic the 

physical and chemical changes to infiltrating precipitation flowing through a relatively thin veneer 

of remaining sediment before entering the local groundwater. 

Methodology 

Prior to the soil column test on 30 May 2021, a representative sample of sand and gravel was 

procured from Hillstone Aggregates.  The mixture of clay, silt, sand and cobbles was loaded into a 

pre-cleaned 1.5 m x 51 mm ID PVC pipe to produce a vertical soil column mimicking what would 

be left beneath at the Summit Pit after mining.  A pre-cleaned plastic container was used to load 

the soil mixture into the PVC pipe, thus avoiding the use of any metallic equipment and possible 

cross-contamination.  Prior to loading the sample, the base of the PVC pipe was covered with 

cleaned fibreglass mesh to retain the soil in the pipe.  Once mounted in a vertical position, 

compaction of the sediment was achieved by tapping the outside with a small hammer, and a 

thickness of 1.2 m was confirmed. The column was then hydrated with laboratory-grade filtered 

and purified deionized water obtained from Bureau Veritas (BV) laboratories. It was then left 

overnight to equilibrate.   

The following day, the mounted soil column was slowly hydrated with the deionized water to 

mimic infiltration of snowmelt and rainwater.  Once the water began draining from the base of the 

PVC pipe, unfiltered samples were collected into bottles provided by BV (i.e. HDPE and glass, 

where required). During the testing procedure, photographs were taken to document the process.  

Visual turbidity of the samples was noted at the time, as indicated in the lower images provided in 

Figure 2. 

Once collected, the effluent water samples were placed in an ice-filled cooler to maintain their 

integrity while in transit to the BV in northeast Calgary AB.  Standard chain-of-custody (CoC) 

protocols were followed to track the shipping and handling process - a copy of which is provided 

in Appendix 1 along with the official Certificate of Analysis.   
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Figure 2.  Experimental setup, execution, and sample turbidity noted. 

Analytical program 

A relatively comprehensive analytical program was executed to assess changes to the deionized 

water after flowing it through the soil column.  Analysis was completed for the following: 

 pH, alkalinity, hardness, and turbidity, 

 major ions (calcium, magnesium. sodium, potassium, bicarbonate + carbonate, sulphate, and 

chloride), 

 nitrate and nitrite, and 

 metals and trace elements (including mercury). 
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All samples were received in good order, as documented by BV.  Sample temperatures were 

logged in at less than the required 10°C threshold and were received within the required time limit 

for sensitive parameters including turbidity and nitrate+ nitrite.  The high quality of the deionized 

water used by the lab was confirmed in the Quality Assurance section of the BV Certificate of 

Analysis provided in Appendix 1.   

Results 

Filtered and purified deionized (DI) water is by nature devoid of any particulate matter or 

dissolved constituents.  This water is typically used to clean equipment and for analytical testing in 

order to avoid contamination of results obtained.  Measurement of the DI water provided by BV with 

a hand-held total dissolved solids (TDS) meter confirmed a “zero” mineralization on the day of 

testing.  The pH and temperature of the DI water were also measured at the same time using a hand-

held combination meter.  A pH value of 5 (similar to natural precipitation) and a temperature of 

17.4°C were noted.  

After confirming the starting conditions of the DI water, it was slowly poured into the top of the 

PVC pipe and left to flow through the sediment column.  Repeated additions of DI water were made 

to ensure the flow of effluent from the base of the soil column.  A head of 25 cm of water was placed 

over the sediment mixture at one point, and the rate of decline was recorded.  The time for the water 

to drop 19 cm took approximately 10 minutes. Estimation of the associated hydraulic conductivity 

yielded a value of about 1 x 10-5 m/s, consistent with the relatively porous sediment mixture tested.   

Samples collected from the base of the PVC pipe appeared very different compared to the clean 

filtered DI water added at the top.  Of particular note was the colour and turbidity.  This is evident 

in the lower images in Figure 1. The occurrence of such turbidity is surprising considering the 

assumption often made that fine particles will be strained or filtered out as water moves through the 

subsurface materials.  This was obviously not the case for this relatively short soil column.  The 

measured turbidity value for the effluent water was 160 NTU - much higher than the DI water (<0.1 

NTU, as noted for the Method Blank documented in Appendix 1).   

In addition to turbidity, the chemical quality of the effluent water was also notably changed after 

flowing through the soil column. For example, the total dissolved solids (TDS) content, or 

mineralization, of the pre-test DI water was 0 mg/L but changed to 53 mg/L after reacting with the 

sediment mixture.  The laboratory pH (7.1) also increased compared to the pre-test DI water (pH = 

5). These changes are indicative of soil:water reactions and the mobilization of soluble constituents.   
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To confirm correctness of the analyses, a review of the anion-cation charge balance was made.  

The value obtained (-0.41%) was within the recommended standard of ±2%3. An additional test was 

performed where the ratio of reported TDS and calculated TDS was compared.  The range of 

acceptability is a value anywhere between 1.0 to 1.21.  The value obtained was 1.0. Based on these 

confirmations the results were considered acceptable. 

As for the chemical changes noted, a number of constituents yielded values in excess of published 

water quality guidelines.  The guidelines used for comparison is this study were as follows: 

 Alberta Tier 1 Soil and Groundwater Remediation Guidelines – for agricultural land (Alberta 

Government 2019) 

 Environmental Quality Guidelines for Alberta Surface Waters – for the protection of 

freshwater aquatic life - FWAL (Alberta Government 2018) 

 Guidelines for Canadian Drinking Water Quality - CDWQ (Health Canada 2020) 

Table 1 on the following page summarizes a number of parameters in the soil column effluent 

water that exhibited values in excess of the above-noted guidelines. For the purpose of comparison, 

and where applicable, a water hardness of 310 mg/L (as CaCO3) was used.  This value is consistent 

with the calculated average for baseline groundwater quality beneath the MALP property (as 

reported by SLR 2020). 

Measured values for the other constituents not shown are provided in the Certificate of Analysis 

in Appendix 1. However, those listed in Table 1 do represent the most notable in terms of risk to 

human and ecological health. The major receptors at risk in the proposed Summit Pit area include: 

 local water wells near the proposed Summit Pit, 

 the Big Hill Springs complex, and  

 Bighill Creek. 

 

 

 

 

 

  

 
3 Standard Methods for the Examination of Water and Wastewater 
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Table 1.  Results for selected parameters following reaction of deionized water with the sand 
and gravel sample, and comparison with published guidelines. 

Parameter Soil flush #1  AB Tier 1  AB 

FWAL  

CDWQ  

Turbidity (NTU) 160 -- 2 1 

Aluminum (mg/L 2.1 0.05 <0.1 OG 

Arsenic (mg/L 0.013 0.005 0.005 0.010 ALARA 

Chromium (mg/L) 0.0044 0.001+ 

0.0049++ 

0.001+ 

0.0089++ 
0.05 MAC 

Cobalt (mg/L) 0.0025 0.0016* -- 

Iron (mg/L) 7.2 0.3 0.3 AO 

Manganese (mg/L) 0.47 0.05 -- 0.12  MAC 

Zinc (mg/l) 0.065 0.030 5.0  AO 

Notes:  

1.    * Values indicated for protection of freshwater aquatic life relate to long-term exposure. 

2. Metals and trace elements are reported as “Total”.  Guidelines for aluminum and iron are related to the 

“Dissolved” forms.  

3.   + = Hexavalent; ++ = Trivalent. 

4.    FWAL = freshwater aquatic life; CDWQ = Canadian drinking water quality 

5.    MAC = maximum acceptable value; ALARA = as low as reasonably achievable; AO = aesthetic value; OG = 
       operational guidance value. 

Discussion 

If developed, the Summit Pit will represent a significant, and permanent, alteration to the 

sensitive headwaters area of the Big Hill Springs complex.  Although MALP’s contention, and that 

of their consultant’s, has been that any changes to the local groundwater (and by extension connected 

surface water systems like Bighill Creek) will be negligible, that claim has never been substantiated 

with any evidence.  Baseline groundwater quality reported by SLR (2020) did confirm the presence 

of harmful metals and trace elements beneath the property, which was flagged as a concern in 

Fennell (2021).  Although these are natural occurrences, the existence of these metals and trace 

elements does indicate their ability to be mobilized under the right conditions. 

Stripping of the overlying topsoil and glacial till materials, removal of a substantial amount of 

the sand and gravel (20 m or more) and leaving only a thin veneer of the deposit (1-2m) will 

inevitably reduce the filtering potential for any water moving down from the surface to the water 

table.  Recharging snowmelt or rainwater flowing through a thin remaining layer of sand and gravel 
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will enhance the ability to move particulate and dissolved matter into the underlying groundwater 

via a flushing action.  Results from this test are proof of that.  Any contaminants associated with, or 

caused by, the mining process (natural or otherwise) will therefore be mobilized down to the water 

table and into the underlying fractured bedrock.  It important to acknowledge that the fractured 

bedrock will afford even less filtering potential than any remaining sand or gravel due to the lack of 

any “straining” effect.   

Figure 3 is an excerpt from the Fennell presentation made to the Rocky View County council 

members on 02 March 2021.  This conceptual diagram shows how the flushing of contaminants 

would physically manifest itself at the Big Hill Springs Creek channel.   

Baseline condition 

Disturbed condition 

Figure 3.  Conceptual diagram for proposed Summit Pit development showing change to site 
conditions and associated risk to aquatic receptors 
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Based on this experiment it is clear that turbidity can be produced by flushing water through a 

1.2 m interval of sand and gravel.  This thin interval is consistent with what MALP would likely 

leave behind after mining.  It is also clear that the chemical quality is notably changed after clean 

water flows through such a thin interval of remaining sediment.  This suggests that mining out a 

significant thickness of the sand and gravel from this large development area, located in a sensitive 

headwaters area of an important spring and creek complex, poses a risk to local groundwater users 

relying on the Domestic Use Aquifers in the area, and any connected aquatic receptors like Bighill 

Creek. 

From a federal Fisheries Act perspective this is pertinent.  The potential introduction of harmful 

substances into fish-bearing systems is in direct contravention of the Act, not to mention other 

provincial  legislation put in place to protect Alberta’s wildlife and supporting environments.  The 

fact that Bighill Creek has unique fish habitat, as a direct result of discharge from Big Hill Springs, 

(with conditions suitable for Bull Trout and West Slope Cutthroat Trout recovery) should be cause 

for concern.  The turbidity guideline for protection of freshwater aquatic life in Alberta requires that 

the maximum long-term average for “clear” water systems be kept within 8 NTU above background 

values for any short-term exposure (e.g. up to 24 hours).  And, over the longer-term the increase 

should not be more than 2 NTU above background values (Alberta Government 2018). The turbidity 

produced from this experiment was 160 NTU, or at least 20 times the short-term guideline, and many 

more time the long-term guideline. 

As noted in Fennell (2021), mobilization of turbidity into groundwater systems has been 

documented before near operating sand and gravel mines, with measurable effects being noted as far 

as 1.8 km downgradient.  The following quote is taken from a report authored by Mead (1995): 

“This DEQ [Department of Environmental Quality] study found a turbidity plume that 
extended more than a mile to the north (downgradient) of the gravel operation.  The 
average turbidity of the water being discharged from the washing operation into the 
pond at the site was 2,737 nephelometric turbidity units (NTUs).  Nearly all wells 
sampled within the first 6,000 feet of the turbidity plume were measured at 5 NTU or 
more. Many wells within the first 3,000 feet of the plume had turbidity levels of 10 NTU 
or more.  Nearly all wells outside the plume had turbidities of 2 NTU or less.” 

In the Summit Pit area there are a number of private water wells located outside the proposed 

development area and towards the east and southeast.  The closest of these wells is within 656 feet 

(200 m).  This information was taken directly from Table 1 of  SRL’s 2020 report (pdf page 14). 

Although this has been documented, and some baseline testing has been performed for selected water 
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wells in the area, no further risk assessment has been conducted. This leads to concerns regarding 

possible human exposure to harmful contaminants.   

As for the mobilization of other constituents, like metals and trace elements, there is a lack of 

published information regarding the effects of sand and gravel mining operations on such 

mobilization dynamics.  However, this experiment should fill that gap to some degree.  In Fennell 

(2021), the potential for existing conditions to facilitate the formation of more toxic and mobile metal 

species, like hexavalent chromium, exists in the study area.  This is based on data generated by SLR 

(2020) and the likely presence of oxidizing conditions in the groundwater (which will be further 

exacerbated by mining close to the water table  and exposing the open pit sediments to air).  The 

hexavalent chromium guideline for protection of freshwater aquatic life is 0.001 mg/L, and the 

measured chromium value obtained from this experiment was over 4 times that, at 0.0044 mg/L.  

Arsenic, another toxic trace element, was also measured at almost 3 times the guideline for 

freshwater aquatic life (i.e. 0.013 mg/L).  It also exceeded the maximum acceptable concentration 

for human consumption, which is 0.005 mg/L. This is more than double. 

Unfortunately, MALP has not acknowledged any of this potential risk, nor have they done any 

work to assess it.  Instead, they have relied on statements like “impacts will be negligible” without 

any proof.  Given the results of this soil column experiment, which is arguably some proof that 

changes to water quality can occur, there should be cause for concern by anyone approving this sand 

and gravel mining activity.  The Summit Pit, if developed, will be located very close to sensitive 

aquatic receptors and residential water wells.  This should have triggered a proper risk assessment 

beyond the requirements of the Code of Practice for Pits, and associated guidance document,4 which 

do not acknowledge risk associated with mobilization, transport, and fate of physical and chemical 

contaminants like the ones documented in this report.    

This situation leaves Rocky View County decision-makers and/or federal and provincial 

regulators (i.e. Department of Fisheries and Oceans; Albert Environment and Parks) with no 

information to make an informed decision on whether developing a gravel pit in a sensitive 

headwater area of an important spring complex, serving a cherished park and unique fish habitat,  is 

a good idea or not. And, based on the evidence provided here the risk from this proposed 

development, and any other gravel mining operation near Big Hill Springs Provincial Park, is too 

great to ignore. 

  

 
4 Alberta Government 2004 and Alberta Environment 2004 
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Closure 

This report has been prepared to summarize results of a soil column flushing experiment 

designed to mimic infiltration of snowmelt and rainwater through the sand and gravel deposits 

beneath MALP’s proposed Summit Pit area.  The content is meant to inform those making land use 

decisions to the risk of unintended consequences to the environment and potentially residents relying 

on water from the local Domestic Use Aquifers.  It also underscores the need to develop lands 

responsibly following proper assessment. As outlined in Fennell (2021), and supported by a letter 

from Alberta Parks, implementation of a suitable setback distance (e.g. 1.6 km or some other 

scientifically-derived distance) from the boundary of Big Hill Springs Provincial Park would be a 

reasonable, and logical, mitigation.   

If there are any questions regarding the methodology or interpretation of findings provided 

herein, the reader should contact the undersigned for clarification. 

Respectfully submitted by: 

 

 

 

 

 

Jon Fennell, M.Sc., Ph.D., P.Geol. 

Hydrogeologist & Geochemist 
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APPENDIX 1 
(see attached PDF) 
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