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EXECUTIVE SUMMARY 

Watershed management requires an effective process to integrate science, policy, and stakeholder and public 
participation in a flexible manner. The Red Deer River Watershed Alliance and its project manager and 
facilitator, Alan Dolan, commissioned O2 Planning + Design Inc. (O2) to prepare background technical reports 
to support the development of an Integrated Watershed Management Plan (IWMP). This report focuses on 
providing draft outcomes, indicators, and targets for the Red Deer River Watershed for: (i) surface water 
quantity and (ii) groundwater resources (including groundwater quantity and groundwater quality).  

Extensive literature review, data assembly, and Geographic Information Systems (GIS) mapping were applied to 
summarize information and help formulate appropriate indicators and targets. In addition, a multidisciplinary 
technical review process was undertaken to incorporate advice and feedback from provincial subject matter 
experts in government, industry, and consulting. 

Recommended outcomes, indicators, and targets for each of the topics are summarized below. The report also 
outlines, for each topic, priorities for improved monitoring and data acquisition, research needs, and key 
Beneficial Management Practices (BMPs) recommended for implementation.  

 

Surface Water Quantity 

Surface water resources in the watershed vary considerably in response to seasonal influences, as well as 
drought and deluge cycles. Runoff volumes tend to peak in June and July along the Red Deer River, while flow 
decline usually begins in early to mid July and continues until the winter. Water yields in August and September 
– a period of high demand - are more modest. Minimum flows occurring in winter are augmented by the 
operations of the Dickson Dam along the Red Deer River. For many of the tributaries, April snowmelt often 
dominates the hydrograph, and summer and fall are characterized by very low flows.  

Paleo-records indicate that severe, extended droughts are not uncommon in the region, which pose a threat to 
the reliability of water supplies. The risk of floods, such as those that occurred in 1915, 1954, 2005, and 2013, 
are a concern recently heightened by the severe June 2013 floods in southern Alberta. Research indicates that 
ongoing climate change could amplify and heighten the risks of both seasonal flooding and long-term droughts.  

Surface water resources also vary considerably across different parts of the watershed. Over 50% of the total 
water yield in the Red Deer River originates from snow and rain in the Rocky Mountains and Upper Foothills. In 
contrast, in the Dry Grasslands, less than 1% of all precipitation typically becomes stream flow, and the 
reliability of water supplies from year to year is very low. For example, Alkali Creek has a 30% chance of 
running virtually dry for the vast majority of any given year. Areas upstream from the confluence of the 
Blindman River and the Red Deer River near Red Deer contribute over 87% of the total yield in the entire basin. 
By the time the Red Deer River reaches the confluence with the Rosebud River just downstream from 
Drumheller, over 99% of all “blue” stream water in the watershed has already been generated.  

Over 16,000 surface water licences occur in the watershed. Total water allocations are currently 335,000 cubic 
decameters (dam3) per year – a volume that could fill Pine Lake more than 16 times or Gleniffer Lake almost 2 
times. These volumes do not represent actual use, which is typically lower. In addition, documented return 
flows to rivers and streams represent almost 60,000 dam3 / year, or close to 20% of the total volume diverted.  

Statistics for estimated total consumptive demand (licensed allocations – return flows) were calculated and 
mapped for both user types and specific reaches of the Red Deer River. Overall, irrigation is the largest single 
user group in the watershed (26% of total demand). Municipal, industrial, and commercial uses are also 
important consumers in the watershed. Near the border with Saskatchewan, total demand currently represents 
about 18% of average annual flow, and 29% of the estimated 1-in-10 dry year annual flow. In contrast, 
upstream from Dickson Dam in the headwaters, total water demand is minor, representing less than 1% of the 
total available volume, even for relatively dry years. Despite these relatively encouraging statistics, there is the 
potential that future increased water consumption could impact water quality and environmental values, 
although impacts would be concentrated more within downstream reaches of the river basin. In addition, finer-
scaled analyses indicate that water security and environmental issues for many of the prairie sub-watersheds, 
tributaries, and non-contributing areas dominated by wetlands are of much higher concern than impacts and 
supply/demand issues along the mainstem river.  
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More widespread water conservation could be the key to enabling both additional long-term economic growth 
and water allocations, while also potentially enhancing natural instream flows.  

A variety of plans and policies govern and affect surface water in the watershed. The Master Agreement on 
Apportionment of the Prairie Provinces Water Board and the South Saskatchewan River Basin Water 
Management Plan are very important considerations. Currently, the Red Deer River watershed has a target 
allocation limit of 600,000 dam3 and a specified temporary closure of new licences at 550,000 dam3. Water 
Conservation Objectives (WCOs) specifying minimum flow rates for the Red Deer River were established in 
2007 under the Water Act. Various Instream Flow Needs (IFN) studies have been conducted to determine 
environmental requirements for water quality, fish habitat, riparian vegetation, and channel maintenance, both 
on the main stem and in tributaries.  

Recommended draft goals and outcomes for surface water quantity, as well as indicators and targets for 
surface water quantity for consideration in the IWMP are provided below.  

Draft Goals and Outcomes for Surface Water Quantity in the Red Deer Watershed 

DRAFT MANAGEMENT GOALS  
FOR SURFACE WATER QUANTITY 

DRAFT OUTCOMES
FOR SURFACE WATER QUANTITY 

1. Balance water demand with water supplies for 
all users, including the environment, through 
seasonal and extreme conditions 
 

1. Safe, secure water supplies are available for municipal and 
domestic water users  

2. Water flow regimes in the Red Deer River maintain healthy 
aquatic and riparian ecosystems  

3. Water flow regimes in tributaries minimize impacts on aquatic 
ecosystems 

4. Surface water supplies for sustainable industrial, commercial, 
and agricultural uses are available and reliable 

5. Surface and groundwater supply and demand are integrated 
to optimize options (e.g., where suitable, use groundwater to 
leave more surface water flow) 

6. All industries apply water conservation techniques and 
technologies to reduce water use and to minimize the potential 
for impacts on water resources and future conflicts 

2. Flooding events are anticipated proactively and 
mitigated 

7. Land uses in the basin aim to conserve pre-development 
hydrology and minimize the risk of increased peak flows (e.g., 
forestry, urbanization, etc.) 

8. Restrict new development in flood-prone areas 

9. Build flood control infrastructure in select locations if 
absolutely necessary to protect human life and existing property

3. Knowledge of surface water resources 
continually improves 

10. Knowledge of surface water resources at multiple scales is 
enhanced, as well as Beneficial Management Practices to 
mitigate impacts 
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Draft Indicators and Targets for Surface Water Quantity 
Indicator Scale of 

Analysis 
Targets Notes

Total Surface 
Water Licence 
Allocations 

Red Deer 
River 
Watershed 

335,000 – 600,000 dam3 Lower end of range represents current 
volumes; higher end represents established 
new licence closure limits  

Total Water 
Demand 
(Licences – 
Return Flows) 
as a 
Proportion of 
the 90% POE 
Water Yield 
(Dry 
Conditions) 

Red Deer 
River reaches  

(nested 
contributing 
area analysis)  

 

A: Upstream from Dickson Dam:
0.5 to 1% 

Expressed as cumulative demand divided by 
the 90% POE yield for each contributing area 

Lower end of range represents current 
conditions. Higher end of range would allow 
approximately 64% expansion of licensed 
allocations consistent with established 
government policy. 

The optimal value may not be near the upper 
range specified due to ecological impacts  

B: Upstream from Red Deer:
5% to 8% 

C: Upstream from Drumheller:
16% to 25% 

D: Upstream from 
Saskatchewan: 
29% to 48% 

Total water 
diversion 
during low 
flow periods 
as a 
proportion of 
natural flow 

Unregulated 
tributaries 

No diversions when flows are in 
the lowest 20th percentile based 
on a weekly / monthly time step 

If flows are above the 20th 
percentile, no more than 15% of 
the natural flow can be taken  

From: Locke and Paul (2011) 

Number of 
New Licences 
in Local Areas 
with Supply 
Shortages 

Specific areas 
determined to 
be water- 
short (e.g., 
Rosebud or 
Buffalo sub-
watershed) 

No more new surface water 
licences in these areas 

Groundwater licensing or licensing from the 
Red Deer River main stem (where feasible) are 
alternatives for these areas 

More detailed work may be needed to identify 
all local water supply shortage areas  
(e.g., Rosebud, Buffalo, Kneehills, Threehills, 
Michichi sub-watersheds) 

Deviation of 
recorded flows 
from Water 
Conservation 
Objectives 

All areas No deviations from established 
WCOs (e.g., 16 m3/s – See 
Table 9 for additional details) 

Maintain junior licence deficit 
frequency 

Based on discussions and review of the 
WRMM data 

Calculate junior licence deficit volume and 
frequency under historical and future climate 
change scenarios  

Municipalities 
with water 
conservation 
management 
plans 

Programmatic  100%  AUMA (Water Conservation for Life, 2013) has 
more specific targets: 

-100% of municipalities with >10,000 
population 
-75% of municipalities with 2500 to 10,000 
people  
- 50% of municipalities with population < 2500

Industries with 
water 
conservation 
plans 

Programmatic All industries aim for a 30% 
increase in water productivity 
and efficiency  

The Alberta Water Council recently 
established formal plans for a 30% 
improvement in water productivity and 
efficiency by 2015 for seven industrial sectors 

 

In general, more widespread water conservation could be key to enabling both additional long-term economic 
growth and water allocations, while also potentially enhancing natural instream flows.  
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Groundwater Resources 

Groundwater is a significant water supply source in the watershed, and is used for a variety of purposes. There 
are three different types of aquifers beneath the Red Deer River Watershed, all of which can exist in unconfined 
(i.e., water table) or confined states. These include: 

 Near surface sand and gravel deposits (sometimes referred to as “alluvial aquifers”) 

 Buried channels and/or inter-till sands and gravels (of pre-glacial or glacial origin, respectively) 

 Bedrock aquifers (sandstone, siltstone and/or fractured bedrock) 

Estimates of groundwater quantity are presented for the various aquifer types residing beneath the Red Deer 
River watershed and are in the billions of cubic meters. 

Groundwater can be considered a renewable resource, because each year some snowmelt and precipitation 
infiltrates the subsurface. As such, recharge is very much a function of precipitation received and the types of 
soil and near-surface rock materials. As this water infiltrates, it adds to the water stored beneath the ground — 
causing water levels to rise in wells.  

Groundwater interacts with the surface environment in many different ways. For example, the flow of rivers and 
streams throughout the year is not only sustained by drainage of water from the landscape, but also by 
groundwater discharge during certain periods of the year (i.e., winter). Similar interactions occur for lakes and 
wetlands.  

Licensed groundwater use in the Red Deer River Watershed amounts to 37 million m3 per year. Licensed 
surface water use is almost ten times that of groundwater use (335 million m3 per year). The agricultural sector 
is the largest user of groundwater, at 65%, followed by the oil and gas sector (16%), other uses (8.5%), 
municipal sector (7.1%), and commercial (3.3%) and industrial (0.2%) sectors.  

The estimated amount of water used for household purposes from groundwater wells is 365 m3 per year (or 
about 250 L per person per day). Based on the total number of well records for all aquifer types and intervals, 
and assuming each well record is associated with a particular household, the total estimated volume of 
unlicensed groundwater use is approximately 14 million m3 per year. This should be considered a conservative, 
high-end estimate.  

A number of risks to groundwater quantity and quality exist in the Red Deer River Watershed, from large 
groundwater diversions to support agricultural and industrial activities to leaks and spills of materials either on 
or below the surface that may degrade local groundwater quality conditions. Those of particular relevance to 
groundwater resources beneath the basin are presented along with a description of potential implications for 
various sectors, including oil and gas, mining, agriculture, urban and rural development, forestry, and recreation 
and tourism. A recent new activity in the watershed is hydraulic fracturing activity, which is concentrated 
primarily in the Lower Headwaters and Central Urbanizing regions. The depth at which hydraulic fracturing is 
typically between 1,000 to 2,500 m depth or greater, whereas depths of most domestic and livestock water 
wells are less than 100 m.  

Taken individually, activities in certain parts of a basin may not necessarily represent a threat to groundwater 
quantity or quality conditions. However, when the density, or intensity, of activities increases, resulting additive 
or cumulative effects on groundwater resources can be significant. 

Groundwater resources are not only affected by human activity, but also by variations in climate that occur 
naturally, and the impact humans may be having on a global scale. Reduced precipitation and increased 
evaporation and evapotranspiration can lead to water level declines in aquifers. 

A number of key issues and challenges related to groundwater resources exist in the Red Deer River 
Watershed. These include: 

 Lack of a refined understanding regarding distribution of aquifers, related groundwater volumes, 
amounts of recharge, sustainable yields, and groundwater-surface water interaction 

 Potential for over-development in certain areas 
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 Potential effects of unconventional oil and gas development 

 Effect of fertilizer, pesticide, and manure applications to the land 

 Impacts to groundwater dependent ecosystems from sand and gravel mining for aggregate production 

 Placement of hazardous infrastructure (e.g., landfills, oil and gas facilities) in vulnerable and sensitive 
locations 

 Limited knowledge of risks related to aging pipeline infrastructure  

 Lack of integrated system for monitoring and evaluating water levels and changes in groundwater 
storage for heavily used aquifers 

 Lack of integrated system for monitoring, evaluating, and reporting groundwater quality changes 
across the basin 

 Impacts of climate variability and climate change on water security of basin communities 

Recommended draft goals and outcomes for groundwater, as well as indicators and targets for consideration in 
the IWMP, are provided below.  

Draft Management Goals and Outcomes for Groundwater 

DRAFT MANAGEMENT GOALS  
FOR GROUNDWATER 

DRAFT OUTCOMES FOR GROUNDWATER 

1. Maintain and protect groundwater quantity of 
non-saline sources for human consumption and 
other uses 

1. Adequate knowledge of groundwater resources is obtained 
through refined assessment 

2. Groundwater withdrawals for licensed diversions are 
allocated and operated sustainably 

3. Robust groundwater level monitoring in higher risk areas is 
implemented to identify changes outside historic variability 

4. Assistance is provided to AESRD and AGS with respect to 
provincial groundwater mapping and inventory initiative 

5. Alternative storage and management approaches (e.g., 
conjunctive use) are assessed for applicability on a sub-basin 
scale 

6. Sensitive areas (i.e., recharge zones; groundwater- surface 
water interaction areas) are identified and land-based activities 
are managed accordingly 
 

2. Maintain and protect groundwater quality of 
non-saline sources for human consumption and 
other uses 

7. Select locations in the basin are monitored to document 
groundwater quality and assess changes outside historic 
variability (i.e., TDS and major ions outside established control 
limits or exhibiting unacceptable trend), and managed 
accordingly. 

8. Groundwater quality in important GW-SW interaction areas 
(e.g., streams, lakes) is assessed for key nutrients (N, P), 
pathogens (fecal coliforms), major ions, TDS, trace elements 
(e.g., As), and other relevant organic and inorganic 
contaminants, and managed accordingly. 
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9. Risks to groundwater from oil and gas development, nutrient 
loading, and pesticide use (i.e., transport and fate 
characteristics) are understood and monitored sufficiently. 

10. Activities in the upper headwaters are restricted in areas 
where GW-SW interaction is important to the health of the 
tributaries and related streams. 

3. Protect and maintain groundwater-dependent 
ecosystems 

11. Groundwater contributions to surface water bodies are not 
to be adversely affected, particularly 1st and 2nd order streams, 
sensitive lakes and important wetlands. 

12. Risks associated with gravel extraction from river-connected 
deposits are understood and managed to ensure against 
adverse impacts to connected aquatic systems or nearby 
groundwater users. 

4. Understand saline aquifer water volumes and 
how this fossil resource is being managed 

13. Volumes of saline groundwater used to support various 
development activities (e.g., oil and gas development) are 
properly allocated and sufficiently monitored to ensure 
sustainable use. 

14. Potential impacts effects (quantity or quality) stated in 
project applications compare well to actual monitoring results. 

5. Understand the role the climate variability and 
change play on the balance of groundwater 
storage 

15. Dynamic water storage due to changes in precipitation and 
recharge is understood, and higher-risk basins are identified. 

16. Mitigation strategies are identified in advance of upset 
events, including options to ensure water security for all uses. 

 

Draft Indicators and Targets for Groundwater 

Indicator Scale of Analysis Targets Notes 

Water levels Areas with large 
diversions and risk of 
cumulative effects (i.e., 
overlapping drawdown 
cones) 

Drawdown in major aquifers to be 
≤50% of available head near the 
pumping centre (i.e., 150 m radius). 

Consistent with Water 
Conservation and Allocation 
Guideline (2006)  

Water flows Sensitive reaches of 
streams and rivers 

No more than a 10% reduction in 
baseflow contribution to 1st and 2nd 
order streams 

No more than a 15% reduction in 
baseflow contribution to 3rd order 
streams and higher 

Nutrients (N and P) 
and trace elements 

High loading areas; 
sensitive aquifers 

No change in shallow groundwater 
(e.g., <30m depth) outside 
established statistical control limits 
(e.g., see Section 4.16.2) 

Trace element scans to include 
Arsenic, Mercury, Selenium, and 
Uranium 

Pesticides and 
pathogens 

Local to sensitive 
aquifers  

If detected, concentrations should be 
stabilized and reversed back towards 
natural conditions, if practical 
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Indicator Scale of Analysis Targets Notes 

Dissolved gases Basin-wide; high risk 
areas 

Increased knowledge of presence in 
aquifers and related source(s)  

Expand on current baseline 
monitoring related to CBM  

Sectoral water use Basin-wide 30% increase in water productivity 
and efficiency over next 5 years 

Consistent with Alberta’s Water 
for Life goal and recent Alberta 
Water Council sectoral plans 

Monitoring of key source aquifers 
(non-saline and saline) to ensure 
management within sustainable 
supplies (e.g., no more than a 50% 
reduction in available head) 

Monitoring 
programs 

Basin-wide; high risk 
areas 

Establishment of an adaptive, 
groundwater monitoring system  

Should be consistent with 
regional planning initiatives (i.e., 
SSRP) and degree of data 
volume and quality (GOWN wells 
plus others) 

At least 12 sites commissioned by 
end of 2014 

Evaluation process Basin-wide; major 
aquifers utilized 

Evaluate existing GW quality data and 
initiate evaluation process by end of 
2014 

Knowledge of water level variability 
and implications of climate change 
acquired by 2017 

A provincial-scale study has 
been commissioned by Alberta 
Innovates and will be completed 
by 2016 

Communication Basin-wide Established website and fact sheet to 
communicate state of groundwater 
and surface water conditions 
(inventory & dynamics) 

Secure regular media coverage

 

 




