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Introduction 
• Millions of litres of saline water are released each 

year in the prairies from the storage and 

application of road salts, oil and gas  activities, 

and potash mining 

• Much of this is sodium chloride brine which can 

be up to 5x saltier than seawater  

• Brine often impacts native environments causing 

vegetation community losses, soil ecosystem 

degradation, soil structure breakdown and soil 

erosion, and disruption of nutrient cycling 

• Restoration of the soil and vegetation 

communities in severely brine impacted areas is 

challenging 
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1 Background 

Source: https://www.worc.org/did-north-dakota-regulators-hide-an-oil-and-gas-industry-spill-larger-than-exxon-valdez/ 



Salinity Impacts 

• How big of a problem are salinity impacts? 

• AER database reports 

14,833 saline water spills in 

Alberta 1975-2013 

• From 2000-2018, 205 

million litres of produced 

water, most of which is 

brackish to briny, were 

reported in SK 

• Equivalent to 82 Olympic 

swimming pools 
By Peter Summerlin - Own work, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=13274737 



• The Bakken formation 

overlaps with 

substantial regions of 

native grasslands 

Source: United States Geological Survey (n.d.). 

• A map from 

North Dakota 

shows the 

density and 

size of brine 

spills across 

the border 

Source: Lauer et al, 2016 



Where does it 
all end up? 

• Factor in salts from potash 
mining and industrial activities, 
road salt storage and 
application, 
unreported/Unknown spills 
and legacy impacts 

Source: Google earth 



https://www.corporatemapping.ca/map-of-saskatchewan-oil-gas-industry-spills/ 

• A check of oil & gas spills in this database:  

Substance Volume 

(H2O) 

Receptor Recovered 

Emulsion  1,344.94 m3 Native, Slough 0 m3 

Water 200 m3 Unknown Waterbody 2, 310 m3 

Emulsion 1200 m3 Cultivated, Slough 0 m3 

Emulsion 20 m3 Cultivated, Uncultivated, 

Waterbody 

10 m3 

 

Emulsion 3 m3 Cultivated, Waterbody 3 m3 

Emulsion 200 m3 Hayland, Waterbody 2,500 m3 

Emulsion 632.84 m3 Native, Slough 380 m3 

Emulsion 1,452 m3 Uncultivated, Wetland 0 m3 

Emulsion 280 m3 Cultivated 0 m3 
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• Wetlands seem like a popular 

destination! 

• Overland flow will follow 

natural drainage towards 

wetlands 

• Chloride is very mobile in soil 

due to its negative charge and 

high solubility 



2 
Consequences 



• Salt is a very effective soil sterilant 
• Concentrations of soil sodium in the range of 

230 mg/L and chloride in the range of 250 mg/L 

begin to negatively affect plants 
• Saline water can have concentrations in the 

10’s of 1000’s causing complete eradication of 

plant and soil ecosystems on impacted lands 
• Impacts are primarily to the rhizosphere 

• The rhizosphere is a complex system of 

biological, chemical and physical processes 
and excessive salt disrupts them all  



httpb7/49d0b726985e214edc3159b684c09341s://i.pinimg.com/originals

/49/d0/.jpg 



• Severe salt impacts: 
• Kills most of the life in the rhizosphere – roots 

(i.e. plants), bacteria, fungi, invertebrates 

• Sodium dispersion causes breakdown of soil 

structure 

• No roots + no structure = erosion of topsoil 

• Remaining sediments are B or C horizon with 

no structure, minimal porosity, poor fertility, 

poor microbial diversity, minimal organic 

matter and high salinity 

• Loss of rhizosphere causes loss of bulk soil - 

Human induced desertification 
 



3 Restoration Challenges 



• The ‘Big Picture’ Challenge… 

mechanical, chemical and 

biological restoration of a 

rhizosphere ecosystem 

 

• Limitations… Simple, Organic, 

Inexpensive, Stable, Long term 

benefits 



• The ‘Real World’ challenges… 

getting something to grow… 
• Toxic salinity concentrations 

• Ongoing evaporative surficial salt accumulation 

in areas of groundwater discharge and high 

water table  

• Saturated soil conditions  

• Fine-grained, dispersed, low porosity soil  

• Poor soil fertility and low organic matter 



4 
Restoration Solutions 



• The Solutions 
• Increase soil porosity and hydraulic conductivity 

• Reduce evaporation  

• lower salinity 

• Increase organic matter and nutrients 

• Establish tolerant plants 

 

• But How? 
 

 



The Program 
 

Step 1 - Apply Alfalfa Pellets 

• Good source of available plant food  

• N-P-K + micro 

• Good source of available microbe food 

• Near ideal 24:1 C:N ratio for microbes 

• Builds organic matter 

• Increases porosity and hydraulic conductivity 

hence salinity mobility 

• Nutrient bank 

• Reduces erosion potential 

• Increases soil moisture capacity in coarse soils 

 

 

 



The Program Cont’d 
 

Step 1 - Apply Alfalfa Pellets Cont’d 

• Stimulates plant growth 

• Contains triacontanol a growth stimulant 

• Enhances photosynthesis which increases root 

sugar exudates, stimulating rhizospheric 

microbes  

• Increases root growth 

• Overall, indirectly enhances plant resilience 

and health, rhizosphere dynamics, soil 

porosity, soil structure, salinity mobility 

 

 

 

 



The Program Cont’d 
 

Step 2 – Addition of Nutrient Amendments 

• Severely brine impacted and eroded soils 

typically deficient in N and P 

• Light applications of calcium nitrate and triple 

superphosphate provide readily available 

nutrients for plant growth with all associated 

benefits 

• Ca content of both reduce SAR and mobilize Na 

• Likely only necessary for the first few years 

 

 

 

 



The Program Cont’d 
 

Step 3 – Tilling 

• The deeper the better, but minimum 15 cm 

• Incorporates the amendments to shallow fibrous 

rooting depths,  

• creates a matrix for rhizosphere ecosystem 

developments 

• Distributes calcium to deeper depths for 

enhanced sodium ion exchange 

• Loosens the soil 

• Increased root penetration 

• Increased porosity and hydraulic 

conductivity, enhancing salt mobility 

 

 

 

 



The Program Cont’d 
 

Step 4 (optional) – Seeding Salt Tolerant Species 

• Once conditions are right, pioneer species seem 

to quickly establish – Kochia, foxtail barley, 

cattails 

• Initial seeding with fast growing, salt tolerant, 

deep rooted grass species is suspected to 

enhance the rapid development of the 

rhizosphere ecosystem, and mobilization of 

shallow salts. 

 

 

 



The Program Cont’d 
 

Step 5 – Mulching 

• Critical in all scenarios but most beneficial in 

areas of GW discharge and shallow water table  

• In dry areas provides moisture retention 

• In wet areas disrupts evaporation-driven surficial 

salt accumulations 

• Reduced soil crusting from raindrops 

• Increased infiltration of precipitation 

• Easier penetration of seedling radicles 

• Soil organic matter and microbe food 



5 Case Study 



Historical Brine Release 

• A large volume of brine was released into a slough ca. 1963 

during construction of natural gas storage caverns 
• An internally drained wetland complex in a hummocky aspen 

parkland landscape 

• These wetlands form a climatically fluctuating hydrological 

chain of groundwater recharge and discharge zones, and 
overland “fill and spill” surface water migration.  

• This has facilitated migration of the brine through three 

wetlands. The second wetland in the series is a recharge-

discharge complex and is currently the most impacted of the 
three. 

• Stantec installed a remediation system, including an 

interceptor trench, in 2009 and conducted baseline EM31 and 

EM38 surveys prior to start up and annually since 
• The remediation area consists of heavily impacted soils with no 

chance of complete remediation 





Area 2 

Area 1 

Area 3, 4 & 5 



Historical Brine Release Cont’d 

• Conducted baseline soil sampling in Fall 2012 

• 2013 test plots were seeded with a wheatgrass mix where 
alfalfa was tilled-in in some plots 

• 2014 results indicated increased vegetative growth in the 

alfalfa tilled plots, dominated by tall wheatgrass 

• In 2015 the phytoremediation restoration program was initiated 
in Area 2 of the remediation area, including biannual soil 

sampling 

• By Fall 2016 the average EC in Area 2 had decreased from a 

spring 2016 average of 28 dS/m to 9.5 dS/m 
• Plants began to grow! 

 



• Maximum drop of 
EC from 57 dS/m to 

13 dS/m (SS-02) 

• Second round of 

tilling-in alfalfa on 
west side (SS08 and 

SS-09) in Fall 2017 

shows similar results 

• SS-08 decreased 
from a Fall 2017 EC 

of 51 dS/m to 7.5 

dS/m 

• Seasonal 
fluctuation is 

evident but overall, 

results are 

remaining low 
 



Area 2 - 2012, 2013, 2014, 2015 



Area 2 - 2016, 2017, 2018 



Area 1 - 2009, 2016, 2019 



A special thank you to  

SaskEnergy personnel for  

whom this project  

could not have  

proceeded 



6 Questions? 


