
4482 97 St. NW, Edmonton, AB T6E 5R9 ƅ 587-773-4850 

Hutchinson  

Environmental Sciences Ltd. 

 

 

 

 

 

 

Prepared for:  Alberta Environment and Sustainable Resource Development 

Job #:  J130037 

Contract: 140176 

June, 2014 

 

 

 

 

Battle River Synoptic Survey 

Phase II 



 

 

 

4482 97 Street, Edmonton, AB T6E 5R9 ƅ 587-773-4850 

 

R040614_J130037_Final_Report.docx 

   
 

  

Hutchinson 
Environmental Sciences Ltd. 

 

 

June 4, 2014         HESL Job #:  J130037 

 

 

 

Chris Teichreb 

Alberta Environment and Sustainable Resource Development 

#304, 4920-51 St 

Red Deer, AB  T4N 6K8 

 

 

 

 

Dear Mr Teichreb: 

 

Re: Contract 140176 ï Battle River Synoptic Survey Phase II ï Draft Report 

Please find enclosed the final report describing the methods and results of the Phase II Battle River 

Synoptic Survey. We present the results in the context of Phase I Synoptic Survey results. We also 

provided an in-depth interpretation of temporal and spatial water quality trends in the Battle River using 

the collected lagoon and tributary data as well as land use information derived from GIS products. We 

also addressed your comments on the draft report and a detailed response is provided under separate 

cover by email. 

We thank you for the opportunity to assist AESRD with this project. Please do not hesitate to contact us if 

you have any questions.   

 

Sincerely, 

Hutchinson Environmental Sciences Ltd. 

 

 

 

Dörte Köster, Ph.D., Senior Aquatic Scientist 

Dorte.koster@environmentalsciences.ca 

 



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  ii 

 

Signatures 

 

Report Prepared by: 

 

 

 

Christine Geiger, M.Sc. 

Aquatic Scientist 

 

 

 

Report Reviewed by: 

 

Dörte Köster, Ph.D. 

Senior Aquatic Scientist 

  

Deborah Sinclair, M.Sc. 

Senior Aquatic Scientist  

 

 

 

  



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  iii 

 

Executive Summary 

A set of draft WQOs for Battle River were developed for variables of concern in support of the North 

Saskatchewan Regional Plan (NSRP). As the objectives apply to the entire length of the reach for which 

they were established, there is a need for a better understanding and delineation of point and non-point 

sources along the entire length of the Battle River prior to implementation of objectives. Phase I synoptic 

survey conducted in 2011 described water quality patterns during summer, fall and winter in the Battle 

River mainstem. The purpose of this Phase II study was to augment existing datasets for the Battle River 

mainstem and to address the data gap of point and non-point sources by monitoring tributaries and major 

point discharges to the Battle River.   

The 2013 sampling program was based on the Phase I survey, with minor modifications. It included 23 

sites in total, 12 along the main stem of the Battle River, six at the confluence with major tributary inflows, 

and five at selected point sources.  Sites were sampled during summer (late August), fall (October), and 

winter (January), with mainstem and tributary sites visited in each season and lagoon discharges 

sampled once during the fall discharge. The same suite of water quality indicators was monitored at all 

sites and included standard field parameters, nutrients, fecal bacteria, major ions and related parameters, 

and suspended solids. Flow was measured where possible to allow load calculations. Results were 

compared to 2011 monitoring results and interpreted in the context of observed point discharges and 

mapped land use. 

Flow 

Flows were highest in summer and lowest in winter. Flows increased with downstream direction, as 

expected, but also decreased at some locations during summer. This indicates that water is lost from the 

river at some times, either due to water withdrawals, evaporation in stagnant areas or loss to 

groundwater. Tributary flows were often negligible, in particular in the downstream reaches. 

Provincial and Federal Guidelines 

Provincial and federal guidelines for the protection of aquatic life and for irrigation were exceeded for five 

parameters, as detailed below: 

¶ Fluoride exceeded the CCME guideline for the protection of aquatic life (PAL) in all samples and 

therefore appeared to be naturally elevated in the system. It did, however, increase downstream 

of lagoon discharges.  

¶ Low oxygen levels under ice in January were among the most severe cases of non-compliance, 

as it dropped locally below acute levels (< 5 mg/L). Decomposition of large amounts of biomass 

produced during the open-water season is likely the reason for oxygen depletion. 

¶ Elevated un-ionized ammonia concentrations at the north end of Driedmeat Lake exceeded 

Provincial PAL water quality guidelines. The high un-ionized ammonia levels were due to a 

combination of ammonia loads from the City of Camrose lagoon discharge, elevated pH in the 

Battle River and poor mixing conditions in the local river reach (stagnant waters upstream of 

Driedmeat Lake) to attenuate the discharge effect. 

¶ pH exceeded the PAL guideline in reach 2, likely related to high aquatic productivity. 
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¶ Bacteria levels above the irrigation guideline of 100/mL were observed upstream of point 

discharges in reaches 1, 2 and 4, indicating a non-point source for bacteria. 

Reach-Specific Water Quality Objectives 

The proportion of measurements that exceeded 50th percentile WQOs ranged from 17% for Reach 1 

winter data to 44% for Reach 2 summer data. While improving trends since the period from which the 

WQOs were derived (2000-2010) cannot be ruled out, it is likely that the low-flow seasons sampled by the 

synoptic surveys were not representative for the entire open-water period that was used for objective 

setting. It can be expected that many parameters, in particular the parameters associated with particles, 

e.g., TP and TSS, be more elevated in spring samples, resulting in open-water WQOs that are naturally 

higher than low-flow water quality levels. Spring synoptic surveys would be required to balance the 

representation of the open water season in the monitoring record. 

A considerable number of measurements exceeded the 90
th
 percentile WQO in 2011 and 2013. These 

values can be of concern as they are at the highest end of the historical data distribution. A recurring 

pattern of high values is apparent for nitrate and nitrite values in all reaches. Nitrate and nitrite can 

originate from fertilizers, point sources and decomposition of organic matter, all of which possibly may 

play a role in the Battle River.  

Reach 2 had generally the largest number of values exceeding the 50
th
 and 90

th
 percentile WQOs, which 

is likely reflective of the cumulative effect of point- and non-point sources in this reach.  Reach 1 had the 

second-largest number of values exceeding the 90
th
 percentile WQO, which compared to reach 4 may be 

explained by high-intensity agriculture combined with larger runoff from the larger contributing areas. 

Spatial Patterns 

The general spatial patterns were relatively low values of most substances in reach 1, increases in 

reaches 2 and 3 and then decreases in substance concentrations in reach 4, consistent with previous 

studies. The largest increase in nutrients and major ions occurred between the sites upstream and 

downstream of Ponoka, reflecting the cumulative impact of loadings from the most important (in terms of 

flow) tributary, Wolf Creek and two lagoon discharges, Lacombe and Ponoka. A second large increase 

often occurred between downstream of Ponoka and upstream of Pipestone Creek, part of which (TOC, 

turbidity) can be explained by the Samson Lake wetland complex, but part of which (bacteria, nitrate) is 

unknown. The largest decreases occurred downstream of Driedmeat Lake, indicating that the lake acts as 

a sink for nutrient loads from upper reaches. Only occasionally the lake recycles some of the loads and 

becomes as source of nitrate and nitrite, dissolved phosphorus and sulphate, likely due to decomposition 

of accumulated organic matter and/or anoxic conditions. 

An exception to these general patterns were bacteria levels, which peaked upstream of Ponoka and 

upstream of Pipestone Creek, confirming non-point sources of bacteria loads. Another exception were 

conductivity, major ions and related parameters, which increased in reach 1, decreased to lower levels 

within reach 2 and 3 and then increased again in reach 4. These patterns may be due to ion uptake in the 

Samson Lake wetland downstream of Ponoka and the influence of ion-rich tributaries entering reach 4 of 

the Battle River. The natural occurrence of saline soils and high evaporative loss in this dry area are 

possible reasons for this increase in conductivity in reach 4.  
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The newly added site at the Battle Lake outflow showed elevated levels of ammonia and dissolved 

phosphorus, but these levels were not sustained in the other reach 1 sites. This indicates that the outflow 

may not contribute enough volumes to influence downstream water quality or that these levels were 

assimilated in the river. 

Gaps and Conclusion 

This study identified some knowledge gaps that we recommend addressing in the future: 

¶ Spring sampling would be required to complete a year-round description of the Battle River 

ecosystem. This will help to better represent the open water season with respect to WQO and will 

provide insight into the season when most runoff from the watershed can be expected and some 

seasonal lagoon discharges occur.  

¶ The reach between downstream of Ponoka and upstream of Pipestone Creek requires further 

investigation, as there was an unidentified large source for a variety of substances, including fecal 

bacteria, TSS, turbidity, organic carbon, and nitrogen, only parts of which (TOC, possibly 

turbidity) can be explained by the Samson Lake wetland complex in this reach. 

¶ Continuous dissolved oxygen data collected at hourly or sub-hourly intervals are needed to 

adequately assess diurnal oxygen conditions in the Battle River in the summer months, in 

particular in reach 2, where abundant macrophyte beds and high day-time oxygen levels were 

observed. 

¶ The impact of the Camrose lagoon discharge on ammonia levels in the Battle River above 

Driedmeat Lake warrants ongoing monitoring to assess if planned upgrades to the wastewater 

facility address this issue.  

In conclusion, the Battle River shows the characteristics of a prairie river, with low flows in summer, fall 

and winter, high nutrient concentrations and aquatic productivity and hard, alkaline waters. The high 

aquatic productivity and some of the major ion content are further enhanced through point- and non-point 

source discharges to a point where aquatic habitat is impaired in fall and winter, in particular in reach 2. 

Elevated bacteria levels, likely from livestock operations, also impair water quality in all reaches. Given 

the naturally low flow volumes, Battle River is more sensitive to the cumulative impact of human activities 

in the watershed than other Alberta rivers that benefit from the enhanced flow from mountain snow melt 

and precipitation. It therefore deserves particular attention to mitigating the current impacts on the Battle 

River ecosystem. 

  



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  vi 

 

Table of Contents 

Transmittal Letter 

Signatures 

Executive Summary 

1. Introduction  .................................................................................................................................... 1 

2. Study Area  ...................................................................................................................................... 2 

3. Regulatory Context  ........................................................................................................................ 8 

3.1 Provincial and Federal Guidelines ...................................................................................... 8 

4. Methodology  ................................................................................................................................. 11 

4.1 Sampling Program ............................................................................................................ 11 
4.2 Field Methods .................................................................................................................... 13 

4.2.1 Water Quality ....................................................................................................... 13 
4.2.2 Discharge ............................................................................................................. 15 

4.3 Quality Assurance and Quality Control ............................................................................. 16 
4.4 Data Analysis .................................................................................................................... 17 

4.4.1 Data Preparation .................................................................................................. 17 
4.4.2 Load Calculations ................................................................................................ 17 

5. Results  .......................................................................................................................................... 18 

5.1 Flow ................................................................................................................................... 18 
5.2 Field Parameters ............................................................................................................... 20 

5.2.1 Dissolved Oxygen ................................................................................................ 20 
5.2.2 pH ......................................................................................................................... 23 
5.2.3 Temperature ......................................................................................................... 25 
5.2.4 Conductivity .......................................................................................................... 27 
5.2.5 Turbidity ............................................................................................................... 30 
5.2.6 Summary Field Parameters ................................................................................. 32 

5.3 Nutrients ............................................................................................................................ 32 
5.3.1 Total Phosphorus ................................................................................................. 32 
5.3.2 Total Dissolved Phosphorus ................................................................................ 37 
5.3.3 Nitrate and Nitrite ................................................................................................. 43 
5.3.4 Dissolved Nitrite (N) ............................................................................................. 47 
5.3.5 Nitrate ................................................................................................................... 50 
5.3.6 Ammonia .............................................................................................................. 54 
5.3.7 Total Kjeldahl Nitrogen ......................................................................................... 58 
5.3.8 Total Nitrogen ....................................................................................................... 62 
5.3.9 Summary of Nutrient Parameters ........................................................................ 66 

5.4 Major Ions ......................................................................................................................... 67 
5.4.1 Magnesium ........................................................................................................... 67 
5.4.2 Calcium ................................................................................................................ 71 
5.4.3 Chloride ................................................................................................................ 76 
5.4.4 Fluoride ................................................................................................................ 81 
5.4.5 Sulphate ............................................................................................................... 86 
5.4.6 Sodium ................................................................................................................. 91 
5.4.7 Sodium Adsorption Ratio ..................................................................................... 96 



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  vii 

 

5.4.8 Summary of Major Ions ........................................................................................ 99 
5.5 Bacteria ............................................................................................................................. 99 

5.5.1 Escherichia coli .................................................................................................... 99 
5.5.2 Fecal Coliforms .................................................................................................. 105 
5.5.3 Summary of Bacteria ......................................................................................... 109 

5.6 Other Parameters ............................................................................................................ 109 
5.6.1 Total Organic Carbon ......................................................................................... 109 
5.6.2 Total Suspended Solids ..................................................................................... 114 
5.6.3 Total Dissolved Solids ........................................................................................ 117 
5.6.4 Hardness ............................................................................................................ 121 
5.6.5 Summary of Other Parameters .......................................................................... 126 

6. Summary  ..................................................................................................................................... 127 

6.1 Status Compared Federal and Provincial Guidelines ..................................................... 127 
6.2 Status Compared to Draft Battle River WQOs ................................................................ 128 
6.3 Spatial Patterns ............................................................................................................... 131 

7. Recommendations  ..................................................................................................................... 132 

8. Conclusion  .................................................................................................................................. 132 

9. References  .................................................................................................................................. 133 

 

 

List of Figures 

Figure 1.  Land Use and Natural Regions in the Battle River and Sounding Creek Watersheds (from 

BRWA 2011) ................................................................................................................................................. 3 

Figure 2.  Surface Water Quality Risk in the Battle River Watershed  ......................................................... 5 

Figure 3.  Ground Water Quality Risk in the Battle River Watershed ........................................................... 6 

Figure 4.  Mean Annual Precipitation, Sample Sites and WSC Flow Stations in the Battle River Watershed

 ...................................................................................................................................................................... 7 

Figure 5.  Four Reaches Defined for the Development of Site-Specific Water Quality Objectives (from 

Golder 2011) ............................................................................................................................................... 10 

Figure 6 Battle River Flow Data for Eat of the Six Survey Campaigns in 2011 and 2013. ......................... 19 

Figure 7.  Tributary Flows in Summer, Fall and Winter of 2013. ................................................................ 20 

Figure 8 Dissolved Oxygen Concentrations Along the Battle River. .......................................................... 21 

Figure 9. Dissolved Oxygen Concentrations for Major Tributaries of the Battle River in 2013. ................. 22 

Figure 10. Dissolved Oxygen Concentrations in Lagoon Discharges in 2013. ........................................... 22 

Figure 11. pH along the Battle River in 2011 and 2013. ............................................................................. 23 

Figure 12. pH of Major Tributaries along the Battle River in 2013. ............................................................. 24 

Figure 13 pH of Sewage Effluent from Lagoons along the Battle River in October of 2013 ...................... 24 

Figure 14 Temperature along the Battle River in 2011 and 2013. .............................................................. 25 

Figure 15. Temperature of Six Major Tributaries of the Battle River in 2013. ............................................ 26 

Figure 16. Temperature of Sewage Effluent from Lagoons Along the Battle River in October of 2013. .... 26 

Figure 17. Specific Conductivity Along the Battle River in 2011 and 2013. ................................................ 27 

Figure 18. Specific Conductivity in Major Tributaries Along the Battle River in 2013. ................................ 28 

Figure 19. Map of Saline Soils in the Battle River Watershed .................................................................... 29 



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  viii 

 

Figure 20 Specific Conductivity in Sewage Effluent along the Battle River. ............................................... 30 

Figure 21 Turbidity Along the Battle River in 2011 and 2013. .................................................................... 31 

Figure 22. Turbidity of Major Tributaries Along the Battle River in 2013. ................................................... 32 

Figure 23 Total Phosphorus Concentrations along the Battle River in 2011 and 2013. ............................. 33 

Figure 24. Tributary TP Concentrations in 2013. ........................................................................................ 34 

Figure 25. Tributary TP Loads in 2013. ...................................................................................................... 34 

Figure 26. Lagoon TP Concentrations for the Fall 2013. ............................................................................ 35 

Figure 27. Lagoon TP Load for the Fall of 2013. ........................................................................................ 35 

Figure 28. TP Loads for Reaches 2, 3 and 4. ............................................................................................. 37 

Figure 29. TDP Along the Battle River in 2011 and 2013. .......................................................................... 38 

Figure 30. TDP Concentrations in Major Tributaries Along the Battle River. ............................................. 39 

Figure 31.TDS Loads in Major Creeks Along the Battle River in 2013. ...................................................... 39 

Figure 32. TDP Concentrations in Sewage Effluent from Lagoons. ........................................................... 40 

Figure 33. TDP Loads in Sewage Effluent from Lagoons Along the Battle River. ...................................... 40 

Figure 34. TDP Loads for Reaches 2, 3 and 4. .......................................................................................... 42 

Figure 35 Battle River Mainstem Nitrate and Nitrite ï N Concentrations .................................................... 44 

Figure 36. Tributary Concentrations of Nitrate and Nitrite ï N in 2013. ...................................................... 45 

Figure 37 Tributary Daily Nitrate and Nitrite ï N Loads in 2013 ................................................................. 45 

Figure 38 Lagoon Nitrate and Nitrite ï N Concentrations in October of 2013 ............................................ 46 

Figure 39.  Lagoon Daily Nitrate and Nitrite ï N Loads along the Battle River in October of 2013. ........... 46 

Figure 40 Mainstem Nitrite (N) Concentrations in 2013 and 2011.............................................................. 47 

Figure 41 Tributary Dissolved Nitrite (N) Concentrations in 2013. ............................................................. 48 

Figure 42 Tributary Dissolved Nitrite (N) Daily Loads in 2013. ................................................................... 48 

Figure 43 Dissolved Nitrite (N) Effluent Concentrations in October 2013. ................................................. 49 

Figure 44 Daily Dissolved Nitrite (N) Effluent Loads. .................................................................................. 49 

Figure 45. Nitrate Concentrations in the Battle River 2011 and 2013. ....................................................... 51 

Figure 46. Dissolved Nitrate (N) Concentrations in Major Tributaries Along the Battle River. ................... 52 

Figure 47. Daily Dissolved Nitrate (N) Loads for Tributaries Along the Battle River in 2013. .................... 52 

Figure 48 Dissolved Nitrate (N) Concentrations in Lagoons along the Battle River in 2013. ..................... 53 

Figure 49 Dissolved Nitrate (N) Loads in Lagoon Effluent along the Battle River in 2013. ........................ 53 

Figure 50 Total Ammonia Concentrations along the Battle River in 2011 and 2013. ................................. 55 

Figure 51 Concentrations of Total Ammonia in Battle River Tributaries in 2013. ....................................... 56 

Figure 52 Tributary Daily Loads of Total Ammonia along the Battle River in 2013. ................................... 56 

Figure 53. Total Ammonia Concentrations in Lagoon Effluent. .................................................................. 58 

Figure 54. Daily Total Ammonia Loads of Lagoons Along the Battle River in 2013. .................................. 58 

Figure 55 Total Kjeldahl Nitrogen Concentrations along the Battle River in 2011 and 2013. .................... 59 

Figure 56. Battle River Tributary TKN Concentrations in 2013. .................................................................. 60 

Figure 57 Battle River Tributary TKN Loads in 2013. ................................................................................. 60 

Figure 58 Concentration of TKN in Lagoon Effluents along the Battle River in October 2013. .................. 61 

Figure 59  Lagoon TKN Loads in October 2013. ........................................................................................ 61 

Figure 60 Total Nitrogen Concentrations along the Battle River in 2011 and 2013. .................................. 62 

Figure 61 Total Nitrogen Concentrations in Major Tributaries along the Battle River in October 2013...... 63 

Figure 62 Total Nitrogen Loads in Major Tributaries along the Battle River in October 2013. ................... 63 

Figure 63 Total Nitrogen Concentrations in Lagoon Effluent of  along the Battle River in October 2013. . 64 

Figure 64 Total Nitrogen Loads for Lagoon Effluent along the Battle River in October 2013. ................... 64 

Figure 65. TN Loads for Reaches  2, 3 and 4 in Fall 2013. ........................................................................ 66 



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  ix 

 

Figure 66 Magnesium Concentrations along the Battle River 2011 and 2013. .......................................... 67 

Figure 67 Concentrations of Mg in Major Tributaries along the Battle River. ............................................. 68 

Figure 68 Daily Magnesium Loads in Major Tributaries along the Battle River in 2013. ............................ 68 

Figure 69 Magnesium Concentrations in Lagoon Effluents along the Battle River. ................................... 69 

Figure 70 Magnesium Loads from Lagoons along the Battle River. ........................................................... 69 

Figure 71. Dissolved Mg Loads for Reaches 2, 3 and 4 ............................................................................. 71 

Figure 72 Calcium Concentrations along the Battle River in 2011 and 2013. ............................................ 72 

Figure 73 Calcium Concentrations in Major Tributaries along the Battle River. ......................................... 73 

Figure 74 Calcium Loads in Major Tributaries along the Battle River......................................................... 73 

Figure 75 Calcium Concentrations in Lagoons along the Battle River. ...................................................... 74 

Figure 76 Calcium Loads in Sewage Effluent from Lagoons along the Battle River. ................................. 74 

Figure 77. Dissolved Ca Loads for Reaches 2, 3 and 4. ............................................................................ 76 

Figure 78 Chloride Concentrations along the Battle River in 2011 and 2013. ............................................ 77 

Figure 79. Chloride Concentrations in Major Tributaries Along the Battle River. ....................................... 78 

Figure 80. Daily Chloride Loads in Major Tributaries Along the Battle River in 2013. ................................ 78 

Figure 81. Chloride Concentrations in Sewage Effluent from Lagoons Along the Battle River in October 

2013. ........................................................................................................................................................... 79 

Figure 82 Daily Dissolved Chloride Loads in Lagoons along the Battle River in October 2013. ................ 79 

Figure 83. Dissolved Chloride Loads for Reaches 2, 3 and 4. ................................................................... 81 

Figure 84 Dissolved Fluoride Concentrations along the Battle River in 2011 and 2013. ........................... 82 

Figure 85 Dissolved Fluoride Concentrations in Major Tributaries along the Battle River. ........................ 83 

Figure 86 Daily Fluoride Loads in Major Tributaries along the Battle River in 2013................................... 83 

Figure 87 Dissolved Fluoride Concentrations in Lagoon Effluent along the Battle River in 2013. ............. 84 

Figure 88 Daily Dissolved Fluoride Load for Lagoons along the Battle River in October 2013. ................. 84 

Figure 89 Fluoride Load Break Down for Reaches 2, 3 and 4. ................................................................... 86 

Figure 90 Dissolved Sulphate Concentrations along the Battle River in 2011 and 2013. .......................... 87 

Figure 91 Sulphate Concentrations in Major Tributaries along the Battle River 2013. ............................... 88 

Figure 92 Daily Sulphate Loads in Major Tributaries along the Battle River in 2013. ................................ 88 

Figure 93. Sulphate Concentrations in Five Lagoons along the Battle River in October 2013. ................. 89 

Figure 94. Daily Sulphate Loads in Sewage Effluent of Five Lagoons along the Battle River in 2013. ..... 89 

Figure 95. Dissolved Sulphate Loads for Reaches 2, 3 and 4.................................................................... 91 

Figure 96 Sodium Concentrations along the Battle River in 2011 and 2013. ............................................. 92 

Figure 97 Sodium Concentrations of Major Tributaries along the Battle River. .......................................... 93 

Figure 98 Dissolved Sodium Loads for Major Tributaries along the Battle River in 2013. ......................... 93 

Figure 99 Sodium Concentrations of Lagoon Effluent along the Battle River. ........................................... 94 

Figure 100 Daily Sodium Loads for Five Lagoons along the Battle River in October of 2013. .................. 94 

Figure 101. Dissolved Sodium Load Break Down for Reach 2, 3 and 4. ................................................... 96 

Figure 102 Sodium Adsorption Ratio along the Battle River in 2011 and 2013. ........................................ 97 

Figure 103 Sodium Adsorption Ratio of Major Tributaries along the Battle River in 2013. ........................ 98 

Figure 104 Sodium Adsorption Ratio of Five Lagoons along the Battle River in October of 2013. ............ 98 

Figure 105. E. coli Concentrations in the Battle River in 2013. ................................................................ 100 

Figure 106 E. coli Concentrations in Major Tributaries along the Battle River in 2013. ........................... 101 

Figure 107. Daily Loads of E. coli in Five Major Tributaries along the Battle River in 2013. .................... 101 

Figure 108. Manure Application in Six Watersheds within the Battle River Watershed. .......................... 102 

Figure 109. E. coli Concentrations in the Sewage Effluent of Five Lagoons along the Battle River in 2013.

 .................................................................................................................................................................. 102 



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  x 

 

Figure 110. E. coli Load Break Down for Reaches 2, 3 and 4. ................................................................. 104 

Figure 111. Fecal Coliform Concentrations along the Battle River in 2013. ............................................. 105 

Figure 112 Fecal coliform Concentrations in Major Tributaries along the Battle River in 2013. ............... 106 

Figure 113 Fecal coliform Daily Loads in Six Major Tributaries along the Battle River in 2013. .............. 106 

Figure 114. Fecal Coliform Concentrations for Five Lagoons along the Battle River in 2013. ................. 107 

Figure 115. Fecal Coliform Load from Reaches 2, 3 and 4. ..................................................................... 109 

Figure 116 Total Organic Carbon Concentrations along the Battle River 2011 and 2013. ...................... 110 

Figure 117. TOC Concentrations in Six Tributaries along the Battl eRiver in 2013.................................. 111 

Figure 118. Daily TOC Loads for Six Tributaries along the Battle River in 2013. ..................................... 111 

Figure 119 Total Organic Carbon Concentrations in Five Lagoons along the Battle River in 2013. ........ 112 

Figure 120. Daily TOC Loads from Five Lagoons along the Battle River in 2013. ................................... 112 

Figure 121. TOC Loads for Reaches 2, 3 and 4. ...................................................................................... 114 

Figure 122 Total Suspended Solids Concentrations along the Battle River in 2011 and 2013. ............... 115 

Figure 123 Total Suspended Solid Concentrations in Major Tributaries along the Battle River in 2013. . 116 

Figure 124 Daily TSS Loads in Six Major Tributaries along the Battle River in 2013. ............................. 116 

Figure 125 Total Dissolved Solid Concentrations along the Battle River in 2011 and 2013. ................... 117 

Figure 126 Total Dissolved Solid Concentrations in Major Tributaries along the Battle River. ................ 118 

Figure 127 Total Dissolved Solid Loads in Major Tributaries along the Battle River in 2013. .................. 118 

Figure 128 Total Dissolved Solid Concentrations in Sewage Effluent of Five Lagoons along the Battle 

River. ......................................................................................................................................................... 119 

Figure 129 Total Dissolved Solid Loads of Five Lagoons along the Battle River. .................................... 119 

Figure 130. TDS Loads for Reach 2, 3 and 4. .......................................................................................... 121 

Figure 131 Hardness along the Battle River in 2011 and 2013. ............................................................... 122 

Figure 132 Hardness in Six Major Tributaries along the Battle River in 2013. ......................................... 123 

Figure 133 Hardness Loads in Six Major Tributaries along the Battle River in 2013. .............................. 123 

Figure 134 Hardness of Sewage Effluent from Five Lagoons along the Battle River in October 2013. ... 124 

Figure 135 Hardness Loads for Five Lagoons along the Battle River in October 2013. .......................... 124 

Figure 136. Hardness Loads for Reaches 2, 3 and 4. .............................................................................. 126 

 

  



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  xi 

 

 

List of Tables 

Table 1.  Specific Water Quality Objectives (from Golder 2011) .................................................................. 9 

Table 2.  Location of Sampling Sites and Dates of Field Visits .................................................................. 12 

Table 3.  2013 Discharge Periods of Five Lagoons in the Battle River Watershed. ................................... 13 

Table 4.  Water Quality Parameters Monitored in Phase II Battle River Synoptic Survey ......................... 14 

Table 5.  Water Survey of Canada Sites Used to Complement Flow Data Set .......................................... 17 

Table 6.  Percentage of Measurements that exceed 50
th
 Percentile WQOs in 2013 ............................... 128 

Table 7.  Summary of Parameters that Exceed 50
th
 Percentile WQO in 2013 ......................................... 129 

Table 8. Summary of Samples that Exceeded Reach-Specific 90
th
 percentile WQOs in 2013 Survey ... 130 

 

 

 

List of Photos 

Photo 1.  Water Sample Collection in Ribstone Creek ............................................................................... 13 

Photo 2.  Flow Measurement in Battle River ............................................................................................... 16 

 

 

 

Appendices 

Appendix A.  Water Quality Data 

Appendix B.  Flow Data 

Appendix C.  Field Data Sheets 



J130037,  A lber ta  En vi ronment  and  Susta inab le  Resource  Deve lopment 

Batt le River Synopt ic  Survey Phase I I 

 

  Hutchinson Environmental Sciences Ltd.  

 R040614_J130037_Final_Report.docx  1 

 

1. Introduction  

A set of draft WQOs for Battle River were developed for variables of concern in support of the North 

Saskatchewan Regional Plan (NSRP) (Golder 2011).  For the purpose of objective setting, the Battle 

River in Alberta was subdivided into four reaches (Figure 5). As the objectives apply to the entire length of 

the reach for which they were established, there is a need for a better understanding and delineation of 

point and non-point sources along the entire length of the Battle River prior to implementation of 

objectives. 

In 2011, Golder Associates (Golder 2012) completed the Phase I synoptic survey of water quality in the 

Battle River. Discharge was measured and water quality samples were taken from the Battle River over a 

range of seasons and flow regimes to provide water quality and loading estimates for comparison with the 

draft WQOs and to further characterize the river.  The sampling program did not include tributaries or 

point source discharges. 

Results of the Phase I surveys showed that, for most parameters, concentrations in the Battle River were 

lowest in Reach 1, increased substantially in response to point and non-point sources in Reach 2 (most 

notably discharges from the Ponoka and Camrose lagoons), and were stable or decreased downstream. 

River loads increased substantially in Reach 2 and increased slightly in Reach 3. Loads were highest in 

the late summer (early September), consistent with point source loadings during low flow conditions. The 

sampling program did not include tributaries or point source discharges and therefore all interpretation in 

terms of the source of loads in the river were hypothetical. 

The purpose of this study is to address the data gap of point and non-point sources along the entire 

length of the Battle River and to augment existing datasets for the Battle River mainstem. The project 

required the selection of strategic locations for monitoringðincluding major tributaries and lagoon 

dischargesðand sampling of those during summer 2013 (August), when little point discharges occur, in 

autumn 2013 during lagoon discharges (October), as well as in winter 2014 (January) under ice 

conditions.  

The specific objectives of this study were to 

1) Understand and delineate the sources of any significant water quality pressures along the Battle 

River, i.e.,  

a. Non-point source pollution (runoff from urban and agricultural areas), as identified by 

tributary data and water quality changes in the main river in absence of municipal 

discharges,  

b. Point source pollution (wastewater discharges), by sampling municipal discharges, where 

no operational effluent quality is available for the full suite of indicators,  

2) Augment the existing detailed spatial water quality data with another year of data, 

3) Increase the data coverage for Reach 3, where data were insufficient to develop objectives, and 

4) Provide recommendations for further work necessary to support the implementation of water 

quality objectives.  
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In this report, we present spatial patterns along the Battle River mainstem for each measured parameter, 

and put them into context by discussing concentrations and loads in the tributaries and effluents and by 

comparing them to historical data. We also conducted a reach-based loading analysis, in order to 

compare the sum of loads from tributaries to those from point sources in the context of reach-specific 

water quality objectives. In addition, some mapping was completed to aid interpretation of the spatial 

patterns in water chemistry and flow. 

 

2. Study Area  

The Battle River watershed is part of the North Saskatchewan River Basin in central Alberta. Unlike most 

of Albertaôs major rivers, which are continuously fed by melting mountain snowpack and glaciers, the 

Battle River watershed is entirely prairie fed. Their modest water supply is derived solely from local 

surface water runoff (from rain storms and spring melt), groundwater flow, and supply from tributaries, 

lakes and reservoirs (Battle River Watershed Alliance (BRWA) 2011). 

The Battle River is about 1100 km in length. It flows across Alberta for about 800 km before reaching the 

Saskatchewan border. Covering over 25,000 square kilometres, the Alberta portion of the Battle River 

watershed is entirely within the provinceôs settled ñWhite Zoneò and is characterized by productive 

agricultural communities that span the Parkland, Grassland, Boreal and Foothills Natural Regions (BRWA 

2011), with the Parkland covering the majority of the watershed (Figure 5).  

There are three inline lakes on the Battle River; Samson Lake (between d/s Ponoka and u/s Pipestone 

Creek), Driedmeat Lake (downstream of Camrose), and Forestburg Reservoir (between u/s Meeting 

Creek and Hwy 872), which is used by ATCO for cooling water of a coal-fired power plant).  In addition, 

there are three lakes that feed into the Battle River; Battle Lake and Pigeon Lake in the headwaters and 

Coal Lake via Pipestone Creek. 
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Figure 1.  Land Use and Natural Regions in the Battle River and Sounding Creek Watersheds (from 

BRWA 2011)  

 

The Battle River is an important water source for a number of stakeholders and types of uses, including 

municipal and residential drinking water, stock watering, irrigation, industry (power plant and oil injection), 

aesthetics and recreation. Interestingly, the City of Camrose takes its drinking water downstream from the 

point of discharge from its own sewage lagoons. With several communities located within the watershed 

and along the river, in particular in reach 2, water is repeatedly re-used for drinking water purposes. In 

combination with non-point sources from intensive agricultural practices in the watershed and the 

relatively low dilution capacity of the Battle River due to limited runoff, the Battle River is potentially at 

high risk for water quality deterioration. This highlights the importance of adequate treatment and 

management of cumulative loads of point-and non-point sources in the watershed to minimize the effects 

on aquatic health of the Battle River. 

The Battle River is home to 19 fish species.  A detailed assessment of fish populations and land use 

patterns found that the Index of Biological Integrity was poor, with lower numbers of fish species 
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associated with larger percentage of cropland and higher road densities in the watershed (Stevens and 

Council 2008).  

The risk to surface water quality from agricultural activities is high in large portions of the watershed, low 

in the headwaters around Battle and Pigeon Lake and medium in the south-eastern parts of the 

watershed (Alberta Agriculture and AgriFood 2001, based on census data; Figure 2). Factors considered 

in the assessment were application of fertilizer and manure and the intensity of crop and livestock 

operations, indicating that the risk to surface water is likely expressed in terms of nutrient and bacterial 

loads.  

Risk to groundwater quality from agricultural activities is high in the headwaters, in particular in the Wolf 

Creek and Pipestone Creek watersheds, as well as along some of the tributaries, e.g., Meeting and Iron 

Creeks. The risk is medium along the mainstem and generally low in the remainder of the central and 

eastern watershed (Figure 3). 

A large portion of these high risk areas, in particular in the central and eastern portions of the watershed, 

are non-contributing areas during most of the year, where water evaporates or infiltrates (Figure 2). 

These areas produce limited runoff and therefore low contaminant loads to surface waters. The small 

contributing river and creek watershed areas still are at high risk and therefore may have high nutrient 

and bacteria concentrations, but they would likely produce lower loads to the Battle River. In contrast, 

precipitation and runoff are higher in the headwaters, where most areas do contribute to surface waters 

(Figure 4). Therefore most land-use related loads from high-risk areas in the western portion of the 

watershed would reach the surface waters, contributing relative high loadings compared to the eastern 

tributaries. Incidentally, the western portion of the watershed is also the most developed one in terms of 

urban development, so stormwater runoff from municipalities, is another potential influence on surface 

water quality in the upper reaches.  
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Figure 2.  Surface Water Quality Risk in the Battle River Watershed  
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Figure 3.  Ground Water Quality Risk in the Battle River Watershed 
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Figure 4.  Mean Annual Precipitation, Sample Sites and WSC Flow Stations in the Battle River Watershed  

 




















































































































































































































































































