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Welcome and Introduction 

 

 

 

 

 



Cowichan River 

 

 

 

 

 

 Cowichan River flows for ~ 47 kms from Cowichan Lake to Cowichan Bay.  

 

 Designated BC Heritage River and Canadian Heritage River  

 



 

 

It is a very important river because: 

 

 cultural and spiritual value for the Cowichan Tribes people 

 

 spawning river for salmon, trout and steelhead 

 

 popular local and tourist destination for swimming, fishing, river tubing, 

kayaking, camping 

 

 



 

 

 

 provides water for the Catalyst Paper pulp and paper mill in Crofton 

 

 provides drinking water for Crofton. 

 

 receives ToLC treated sewage effluent. 

 

 Cowichan River is the cultural, spiritual, economic and environmental 

cornerstone of the Cowichan Valley 

 

 



Fish kill – July 2023 

 

 

 

 

 

      



 

 

      
“In early July 2023 a severe fish kill occurred on the Cowichan River.  

 

A fisheries survey conducted in late July as part of the annual trout index 

revealed that no steelhead trout (Oncorhynchus mykiss) fry were observed in 

an approximately 6 km stretch of the Cowichan River between the 70.2 Mile 

Trestle and Skutz Falls where they are normally present (BC WLRS 2023).  

 

The impact of this mortality event on fish stocks is thought to be substantial, 

with estimates of up to 84,000 steelhead fry killed (BC WLRS 2023). ” 
 



 

 

      

What happened? 



 

 

      

“River discharge in the Cowichan River was low (approximately 4.5 

m3/second) at the time of the fish kill, leading to concern that low effluent 

dilution, combined with high temperatures and potentially irregular 

effluent quality, may have led to the mortality event.” 

 Key point: the fish kill was suspected to be due to a combination of 

environmental stressors, not a single stressor 



 

 

      

1. low flow (approximately 4.5 m3/second) 

 

2. high temperatures 

 

3. low effluent dilution 

  

4. irregular effluent quality 



 

 

 

 

 

Usual Suspect 1: low flow (approximately 4.5 m3/second) 
 

 Vancouver Island was at Stage 5 drought condition in 2023 



162.37  

161.4 



 

 

 

 

 

“Towards the end of the (2023) summer, water levels became so low that 20 

pumps were turned on to pull water from the lake into the river.  

 

They ran for 36 days and brought lake levels to historic lows, impacting the 

shoreline and the threatened Cowichan Lake lamprey species, Rutherford 

says.” 

https://www.cheknews.ca/pumps-added-to-weir-at-lake-cowichan-as-water-level-drop-to-historic-lows-1169841/




 

 

 

 

 

Usual Suspect 2: high temperature 
 



 

 

 

 

 

 Lake headed rivers receive outflow water from the lake surface layers 

 

 Since lakes stratify in summer, lake headed rivers can get very warm   





 All salmonids (trout, salmon and char) are cold water fish 





Suspects 1 and 2: confirmed 



 

 

 

Usual Suspect 3: low effluent dilution 
 

 Town of Lake Cowichan has a permit to discharge treated lagoon effluent 

to the Cowichan River (daily flow 4,500 m3/d, mean daily flow 2,200 m3/d).  

 

 lagoon effluent discharge point is located in the Cowichan River, 

approximately 3.5 km downstream of the Lake Cowichan outlet 





 

“The daily lagoon effluent flow permit limit (4,500 m3/day) was exceeded on four 

days in 2023, including January 1st, January 14th, January 15th, and April 10th.  

 

The mean dilution ratio calculated from January to September 2023 did not fall 

below the Cowichan River Water Quality Objective of 200:1.  

 

*The original 200:1 dilution ratio objective was, however, intended to limit BOD 

and TSS loading to the Cowichan River (McKean 1989) and was not intended 

for interpreting dilution of nutrients such as Nitrogen and Phosphorus (SLR 

2022). ” 



Suspect 3: not confirmed * 

 



 

 

      

“BC Fisheries staff described the Town of Lake Cowichan effluent discharge as 

“green and goopy” in July 2023 surveys, contrary to previous years of fisheries 

surveys where the effluent was described as “watery coffee” in appearance.  

 

“Though green algae are not uncommon to observe downstream of the effluent 

discharge, in July 2023 patches of dense filamentous green algal growth were 

observed downstream of the lagoon effluent discharge pipe for about one 

kilometer;  

 

…green algae were replaced by thick brown algae with a “scummy” 

appearance just upstream of the 70.2 Mile Trestle and below some right bank 

tributaries (BC WLRS 2023).” 

 

Usual Suspect 4: irregular effluent quality 



      



      



      

 

“Overall, some effluent parameters were elevated in 2023 when compared 

with 2021-2022.  

 

Specifically, in June, July and September 2023, Total Ammonia (N) was 

elevated in comparison with previous years.  

 

 

Nitrate (N), Nitrite (N) and Nitrate plus Nitrate (N) were elevated in June, 

July and August of 2023.**(complications from lab interference) 

 

 

Orthophosphate in lagoon effluent discharge was elevated in 2023 above 

previous years during the months of February, April, and June .” 
 

 

ToLC Effluent parameters 



      

? ? 

ToLC Effluent parameters 



      

 

“The concentration of several parameters, including 

 

Total Ammonia (N), Nitrate (N), Nitrate plus Nitrite (N),  

 

Total Kjeldahl Nitrogen (N), Total Nitrogen (N),  

 

Total Phosphorus (P) and Orthophosphate (P)  

 

were elevated in the downstream site in comparison with the upstream river 

site.” 

Cowichan River parameters 



      

Cowichan River parameters 

Note: river sampling started in August, 2023 - there are no June and July samples. 



      



      



      

“Though green algae are not uncommon to observe downstream of the effluent 

discharge, in July 2023 patches of dense filamentous green algal growth were 

observed downstream of the lagoon effluent discharge pipe for about one 

kilometer; green algae were replaced by thick brown algae with a “scummy” 

appearance just upstream of the 70.2 Mile Trestle and below some right bank 

tributaries (BC WLRS 2023).” 



      

Suspect 4: confirmed 



 

 

      

1. low flow (approximately 4.5 m3/second) - confirmed 

 

2. high temperatures - confirmed 

 

3. low effluent dilution – not confirmed * 

  

4. irregular effluent quality - confirmed 

To recap: 



      

 Most coastal BC rivers are classified as nutrient poor or ‘oligotrophic’ 

 



      

 Algae, insects and fish in coastal rivers, esp. lake headed coastal rivers, are 

found at lower densities/biomass than interior rivers  

 

 unless sustained by large runs of anadromous salmon which return marine 

derived nutrients to the watershed 

 

 or external sources of nutrients (e.g. agriculture, wastewater)  

 



      

So what happens when you add P and N to a river? 



 nutrients stimulate the growth of river algae (periphyton),at the base of the 

riverine food web 

 

 periphyton produce oxygen via photosynthesis: 

 

 

6 CO2 + 12 H2O --------->C6 H12 O6 + 6 H2O + 6 O2 

 



Consumption of oxygen at night by respiration is the same formula in reverse: 

 

 6 CO2 + 12 H2O <---------C6 H12 O6 + 6 H2O + 6 O2 

 

 

 

 in rivers, this can result in large diurnal changes in oxygen concentration 



      

Cowichan River dissolved oxygen – Aug-Sept 2023 



 

In ‘soft’ water, the uptake of CO2 in the daytime, and production of CO2 at night, 

also causes the pH of the river water to vary   

6 CO2 + 12 H2O <---------C6 H12 O6 + 6 H2O + 6 O2 

Effect on pH 



 

 

 

 pH is a measure of the relative amount of free hydrogen and hydroxyl ions in 

the water.  

 

 is “the negative log of the hydrogen ion concentration”  e.g. pH 10 

 

 water that has more free hydrogen ions is acidic 

 

 water that has more free hydroxyl ions is basic.  



      

Cowichan River pH – Aug-Sept 2023 



      

Ammonia nitrogen equilibria in water 

Ionized form Un-ionized form 



      

Ammonia nitrogen equilibria in water 

Less toxic 

to fish 

More toxic to fish 

 As temperature and pH increase, the more toxic NH3 fraction increases 

July, 

2023 

Ionized  Un-ionized 



      

NH4
+ 

NH4
+ NH4
+ 

NH3 



      

Ammonia toxicity in water 

July, 

2023 



      

Calculated results, no 

measured data in July, 2023 

 

 total ammonia exceeded 

water quality guidelines in 

July, 2023 



      

The Cowichan River fish kill in July 2023 was caused by the combined 

interaction of (1) low river flow, (2) high water temperature, (3) low ToLC 

effluent dilution for nutrients, (4) irregular ToLC effluent quality that (5) 

stimulated excessive algae growth that (6) increased pH and (7) shifted NH3 

to the toxic un-ionized form with (8) overnight depressions in dissolved 

oxygen.  

Forensic analysis 



      





Short term solutions: 2024 action and 

strategies 

 

 

 

 

 

      
 Cowichan Watershed Board held two community workshops on March 12 

and April 17/24 to develop strategies/actions to prevent future fish kills 

 

 explored which “management levers” were feasible and created an 

action/response matrix with threshold ‘triggers’ 

 

 

 

 

 

 considered 3 time horizons: immediate, short term and long term actions 

 

 set flow in the Cowichan to 7 m3/s for summer 2024 

 

 formed a “Incident Management Team”, that met Monday mornings 

throughout summer, 2024 (June-September) to discuss current conditions 

and take necessary actions   



Cowichan 2024 action matrix 

 

 

 

 

 

 

identified 5 general categories that require immediate, short term 

and long term intervention: 

 

 

1.       Cowichan River flow and temperature management 

 

2.       River use management - angling regulations/closures 

 

3.       ToLC sewage treatment effluent management 

 

4.       Habitat protection 

 

5.       Monitoring 

 

     



 

 

      

1. low flow 

 

2. high temperatures 

 

3. low effluent dilution 

  

4. irregular effluent quality 

Long term solutions and vision for Cowichan 

watershed 



 

 

      

A new raised Cowichan Lake weir will resolve the first 3 issues:  

 

 

1. low flow 

 

2. high temperatures 

 

3. low effluent dilution 

  



 

 

      

But – the new weir must include a cold water release system 

 

 more warm water will not be sufficient 



      

4. irregular effluent quality 

ToLC uses a “facultative lagoon” process to treats its wastewater 



      

How a facultative lagoon functions 



      

 Facultative lagoons have minimal effect on phosphorus, some effect 

on ammonia, minimal effect on emerging contaminants of concern 

 

 become less effective as they age due to infilling with sludge 



      

= 

 Facultative lagoons were OK 

in the 1960s 

 suited for remote small prairie 

towns with high evaporation rates 



      Conclusion: modern 

wastewater has many 

emerging contaminants of 

concern that must be 

treated and contains 

valuable resources that 

can be recovered: heat, 

P, N and C 

 



      

BC example of small town leadership  

OK Falls, population 2,500 



      

State of the art biological nutrient removal plant, discharging to the warm, and fish 

sensitive Okanagan River 



      

Discharges to a constructed wetland in 

summer 



      

 OK plant uses UV to sterilize effluent discharge, and has P effluent 

concentration of 0.05 mg/L (100 times lower than ToLC lagoons) 

 

 

 Plant has 3 full time employees, and can be remotely run from a cell 

phone 



      

 The OK Falls plant, built in 2013, currently does not recover P, N, C and 

heat, but it can easily be retrofitted due to its modern design. 

 

 ToLC could do similar, and include a greenhouse for year round local food 

security using recovered resources from wastewater  



 

 

 



Closing Comments 

 

 

 

 

 

      
 Cowichan River is the cultural, spiritual, economic and environmental 

cornerstone of the Cowichan Valley 

 

 Climate change and population growth in the Cowichan watershed requires 

bold and innovative leadership to protect the river and its fish   

 

 Solutions are not cheap, but are technically feasible and will have a positive  

impact on the river and community that will last generations   

 

 Your future is up to you 

 



      

or 

It is your decision: 

2028 



  

 

 
Thank-you for listening 



Cowichan 2024 action matrix 

 

 

 

 

 

 

 

 

      
Categories Right now In season Long Term Caution/Triggers 

ToLC Sewage Treatment Repair/replace all surface 

aerators, install alum 

injection system 

Reduce/curtail P and NH3 

discharges in June, July + 

Aug 

Modern Okanagan BNR 

WWTP  

Caution - reduce NH3 and 

P @ 8 m3/s in June, 

Trigger - curtail NH3 and P 

@ 6 m3/s in July+Aug 

Cowichan flows and 

temperature management 

Monitor Cowichan Lake 

level and river flows 

Manage storage/discharges 

in May + June to allow > 6 

m3/s in July and Aug  

Refine weir siphon pipe 

size with modelling, build 

weir, and include 

hypolimnetic siphon for 

temperature management  

Maintain July flow > 6 m3/s 

  

Maintain Aug flows > 6 

m3/s 

River use management Prepare Directors order for 

Angling closure 

Close angling in July-Aug if 

flows < 4/5 m3/s and water 

temp > 22 C 

  Caution - flows < 6.0  m3/s 

Trigger flows < 4.5 m3/s 

Caution - temp > 20 C 

Trigger – temp > 22 C 

Habitat Protection Identify cold water refugia 

and critical riparian areas 

facing developmental 

pressures 

Water use restrictions in 

June-Sept. 

Enact WMAs on cold water 

refugia and critical riparian 

zones, enhanced riparian 

protection, convert houses 

on riparian septic systems 

to sewer collection 

  

Monitoring Ongoing Twice monthly in July and 

Aug, WWTP outfall weekly 

in July and August 

TBA As per Cowichan River 

monitoring plan 


