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Introduction 
 
Friesen Drillers Limited is pleased to submit this environment act proposal for the proposed expansion of  the municipal groundwater 
supply for the City of  Steinbach.  The City of  Steinbach, currently the third largest city in Manitoba, had a recorded population count 
of  13,524 in 2011 (Statistics Canada, 2011).  As the city continues to progressively grow at an approximate rate of  2.4% per year, the 
city’s water supply needs also increases. 
 
The city’s existing well field consist of  three wells and provides water supply for the City of  Steinbach at approximately 1,620 acre/feet 
per year. Using the current growth rate trend of  the city and annual per capita water consumption, Steinbach’s current water system 
supply would be able to support water supply demands of  the city until 2020.  By 2020, the population of  Steinbach is expected to be 
at approximately 16,742 and additional water supply will be needed in order to service the entire city. 
 
With the purpose of  expanding the city’s current water supply, the City of  Steinbach purchased land, along Park Road, in the northwest 
area of  the city prior to 2011. The City of  Steinbach planned the proposed Park Road property for the development of  a second well 
field to supplement the existing well field in supplying the city’s water needs from 2020 to 2038.  
 
In 2012, the City of  Steinbach retained Friesen Drillers to conduct an extensive hydrogeological assessment of  the proposed Park Road 
municipal groundwater well field in order to determine if  it is capable of  delivering the additional water supply to allow for the growth 
of  the city up to 2038.  
 
The hydrogeological assessment determined that the proposed Park Road municipal well field, although less transmissive than the 
expected regional conditions, is capable of  providing an additional allocation of  806.50 acre feet per year (994.81 dam3/year dam per 
annum. This assumes normal seasonal and climatic conditions, with an annual monitoring program in place. A copy of  the 
hydrogeological report is attached.  
 
Since the attached hydrogeological report is written with a new environmental act proposal for the City of  Steinbach in consideration, 
this report will provide additional details regarding the environmental act proposal and highlight the areas in the existing report where 
required information may be located. 
 
It should be noted that this environmental act proposal will focus on the hydrogeological aspects of  the Park Road municipal well field 
for the city and will address the aspects of  pumping groundwater from the Park Road municipal well field. The provision of  a new 
treatment plant, water lines and pumping stations are beyond the scope of  this environment act proposal. 
 
 

Project Background and Scope of  Work 

 

The project background and other details are contained in the hydrogeological assessment pages 2 to 4. The locations of  the proposed 

well field and the current well field are shown in Figure 2. 

 

The land for the proposed well field is owned by the City of  Steinbach, a certificate of  title is attached as Appendix B the attached 

hydrogeological report. The city does not hold the mineral rights for the lands, as these have been retained by the Crown.  The land on 

which the well field is located currently zoned as light industrial with the proposed water supply facility designed to comply with the 

current zoning. 

 
The developmental stages for this proposal are divided into two phases. Phase 1 involves drilling two supply wells in the proposed Park 
Road well field, testing, licensing and connecting the wells to a treatment plant to service the city.  A new raw water pre-treatment 
reservoir, new iron removal water treatment plant and pumping station will be built for the Park Road well field in order to make a 
stand alone system. The development schedule for Phase 1 is as follows: obtaining Water Rights Licences and Environment Act 
Licence in 2015, commencing detailed design in 2016 and tendering the Phase 1 of  the project in 2017.  Phase 2 involves the drilling 
and installation of  a third well to provide additional water supply and connecting it the raw water lines designated for the Park Road 
well field. Phase 2 is not expected to commence until 2045 (P. Kalyta, Personal Communications, 2015). 

 

The City of  Steinbach is funding this project through municipal tax revenues and water use charges for the existing residents and 

businesses within the city.  There are no other external sources of  funding for the project at the present time other than general 

revenues.  However, the City of  Steinbach will be open for government funding, if  made available. The additional water supply 

requirement is to support additional residential and business development within the City of  Steinbach. 
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Project Background and Scope of  Work (cont’d) 

 

The current water rights licence, environment act licence and permit applications are discussed in pages 4 to 5 of  the attached 

document.  Both the current water rights licence (No. 2009-073) and Environment Act License (No. 2885) are attached as Appendix A 

of  the overall groundwater report attached to this document.   

 

Since no other changes other than routine maintenance works are planned for the existing water supply, a new Environment Act 

License would be required for the new well field.  The groundwater exploration permit and authorization are also attached in the 

hydrogeological repot as Appendix C.  The City of  Steinbach recently applied for a water rights licence with MCWS – Groundwater 

Licensing Section. The attached groundwater report  was submitted to the department for review. 

 

No public consultation has been conducted for this project at the present time. 

 

 
Description of  the Existing Environment in the Project Area 
 

The existing environment is described in the hydrogeology assessment contained in the attached hydrogeological report.  The 

information is contained in pages 5 through 22. 

 

The nearest body of  water to the proposed Park Road well field site is the Manning Canal. The Manning Canal branches out about 4.46 

km northwest of  the site. The proposed well field is located between two branches of  the Manning Canal; one branch is about 0.98 km 

west of  the site while the other branch is about 2.3 km east of  the site. The Manning Canal is known to be suitable for aquatic life such 

as fish species like white sucker,  pearl dace,  fathead minnow, and  brook stickleback (Seine River Watershed Survey, 2003). 

 

Climatic effects are shown on Figure 11 on page 12 of  the attached hydrogeological assessment.  
 
There are no First Nations located within the immediate Steinbach area.  The nearest First Nation is the Roseau River First Nation, 
which is located about 50 km to the southwest.  There are no major provincial parks in the immediate Steinbach Area.  However, the 
City of  Steinbach offers and maintains a few parks and recreation areas for the residents. The city also has a heritage village, Steinbach 
Mennonite Heritage Village, which is located approximately 1.50 km to the northeast of  the proposed well site.  This project is not 
expected to cause any issues for aboriginal treaty rights, or affect traditional hunting/trapping/farming and heritage areas.  The project 
is not expected to have a negative socio-economic impact in the City of  Steinbach. 
 
The predominant land use around the Steinbach is primarily agricultural.   
 
 
Mitigation Measures and Residual Environmental Effects 
 
The predicted impact and long term aquifer response are discussed on pages 34 to 37 of  the attached hydrogeology report. 
 
 
Follow-up Plans, Monitoring, and Reporting 
 
The follow-up plans and long term monitoring are discussed in the attached hydrogeology report.  The recommendations are shown on 
page 38.   
 
It is anticipated that some of  the recommendations detailed in the hydrogeology report will be reviewed by the staff  of  the water rights 
licensing. 
 
 

Additional Water Supply Details 
 
Existing System Use 
 

The existing system in the City of  Steinbach serves most of  the residents and businesses in the city.  Parts of  the city, however, still 

operate private water wells for individual businesses and homes. 
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Existing System Use (cont’d) 

 

The City of  Steinbach’s Annual Report on drinking water quality indicated 4,114 individual metered service connections. The current 

water rates are at $1.03/m3. The water rates have been increasing by $0.05 annually since 2013.  Apparently, the water rate increases 

seem to have shown positive effects in water conservation. 

 

The Steinbach water supply system is relatively simple and straightforward.  Majority of the water supply connections are for individual 

family residences. The rest are divided into commercial, government, municipal, university, school and hospital which form the larger 

water supply users.  The water supply system uses filtration and chlorination, with no further additional treatment undertaken.  It is our 

understanding that the system is operated in accordance with licensing from the Office of Drinking Water – Province of Manitoba.   

 

 
System Conservation 
 
The City of  Steinbach currently has a public awareness education program, which provides articles, tips and information on water 
conservation at the city’s website (www.steinbach.ca) and a community based news and information (www.steinbachonline.com). 
Quarterly newsletters with information on water conservation are also sent out with the water bills. These coupled with rate increases 
have shown positive effects in reducing the city’s water consumption.  
 
The current daily per capita water consumption for the City of  Steinbach is currently at 333 L/day.  Figure 1, shown below, shows the 
average daily per capita water consumption against the total annual water consumption.  Figure 2, shown on the following page, 
illustrates the trend in the actual daily per capita water consumption against the population growth over the last fifteen years.  Overall, 
there has been a reduction of  about 20 % in the average daily per capita consumption since the start of  the city’s water conservation 
efforts.  Details on the long term water supply demands of  the City of  Steinbach are attached as Appendix D of  the attached 
hydrogeological report. 
 

 
Figure 1 – Daily Water Consumption per Capita (L/day) vs. Total Annual Water Consumption (data source – City of  Steinbach, 2015) 

 

 

 

 

 

 

http://www.steinbach.ca/
http://www.steinbachonline.com/
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System Conservation (cont’d) 

 

 
Figure 2 – Actual Daily Water Consumption per Capita (L/day) vs. Population Growth (data source – City of  Steinbach, 2015) 

 
 
Private Water Well Inventory 

 
In order to detail the type of  water wells that have been constructed within the City of  Steinbach, an inventory of  private water wells   
within 5 km radius of  the proposed Park Road well site was completed.  The specific details of  the well inventory are contained in 
Appendix E of  the attached hydrogeological report. Discussions of  predicted impacts are also contained in the attached 
hydrogeological report pages 34 to 37. 
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Limitations 

 

The scope of  this report is limited to the matters expressly covered and is intended solely for the client to whom it is addressed.  

Friesen Drillers Limited makes no warranties, expressed or implied, including without limitation, as to the marketability of  the site, or 

fitness to a particular use.  The assessment was conducted using standard engineering and scientific judgment, principles, and practices, 

within a practical scope and budget.  It is based partially on the observations of  the assessor during the site visit in conjunction with 

archival information obtained from a number of  sources, which is assumed to be correct; except as provided, Friesen Drillers Limited 

has made no independent investigations to verify the accuracy or completeness of  the information obtained from secondary sources or 

personal interviews.  Generally, the findings, conclusions, and recommendations are based on a limited amount of  data (e.g. number of  

boreholes drilled or water quality samples submitted for laboratory analysis) interpolated between sampling points and the actual 

conditions on the site may vary from that described above.  Any findings regarding the site conditions different from those described 

above upon which this report was based will consequently change Friesen Drillers Limited’s conclusions and recommendations.   

 

 

 

Disclaimer 

 

This Friesen Drillers Limited report has been prepared in response to the specific requests for services from the client to whom it is 

addressed.  The content of  this document is not intended to be relied upon by any person, firm, or corporation, other than the client 

of  Friesen Drillers Limited, to who it is addressed.  Friesen Drillers Limited denies any liability whatsoever to other parties who may 

obtain access to this document by them, without express prior written authority of  Friesen Drillers Limited and the client who has 

commissioned this document. 
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Introduction 

 
Friesen Drillers Limited is pleased to present this report detailing the results of  our investigation into a proposed expansion of  the 
municipal groundwater supply for the City of  Steinbach.  Sometime prior to 2011, the City of  Steinbach purchased land in the 
northwest area of  the city along Park Road.  The site served a number of  useful aspects, including the provision of  a lift station, piping 
runs, etc. along the route to the lagoon.  City engineering staff  developed a conceptual design of  a new well field at the site, with the 
intention of  providing approximately 1,000,000 U.S. Gallons of  water (1,120 acre feet/year) daily for growth of  the city to 2038.  This 
site on Park Road was selected by the city for this purpose.  
 
The City of  Steinbach currently relies on three wells contained within the existing well field for water supply.  The water supply is 
approximately 1,620 acre/feet per year, and aims to supply the city to 2020 based on current growth rates.   
 
The following report details the results of  the investigation. 

 

 

Scope of  Work and Background 

 

The City of  Steinbach developed their first well field near the east side of  the city in 1956.  Initially two wells were constructed on the 

site, with both wells completed into the carbonate aquifer and the underlying sandstone aquifer.  In the 1970’s, the sandstone aquifer in 

both wells were sealed off  with cement, isolating the production from the carbonate aquifer alone.  In 1985, a third supply well was 

added to the well field.  One supply well was subsequently replaced in 2008.  This well field has been maintained in the current 

condition since 2008.  In 2009, the well field licensing allocation was increased to 1,620 acre feet/year (2,000 dam3/year).  Due to the 

expansion of  the well field, an environment act proposal was provided, and a license was granted for the increase.  It should be noted 

that this increase will effectively maximize the water supply that is available from the existing well field. Calculations show that the 

existing well field allocation should not be increased due to the effects of  drawdown interference.  This existing licensed water supply 

plans are to meet the needs of  the City of  Steinbach until 2020.  Other than routine maintenance and possible future well replacements, 

there are no plans to modify or change the existing well field at the present time.  

 

Apparently the City of  Steinbach purchased land on the southeast corner of  Park Road and Keating Road sometime prior to 2011.  An 

existing yard site and house was located on the property.  The city purchased the property with the long term plan of  developing a 

water supply, along with other various municipal facilities on the site.  The land is located along the pipeline route to the city lagoons, 

and the site provided a number of  other public works conveniences.  It should be noted hydrogeological testing was not conducted on 

the site prior to the purchase by the City of  Steinbach. 

 

The City of  Steinbach is currently growing at a rate of  2.4% per year, and future water supplies will be needed to allow the city to meet 

the demand to 2038 (P. Kalyta, personal communication, 2014).  The increase in water supplies to meet the city needs is estimated to be 

an additional 1,120 acre feet/year (1,382 dam3/year).  The population projections for the City of  Steinbach are shown below as Figure 

1. 

 

 
Figure 1 – Population projections for the City of  Steinbach (2006 to 2040) (source – City of  Steinbach, 2015) 
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Scope of  Work and Background (cont’d) 

 

Once the City of  Steinbach purchased the Park Road location, the existing structures were demolished and removed from the site.  In 

order to provide the hydrogeological assessment, Friesen Drillers was retained to undertake the aquifer and well capacity assessment for 

the Park Road location.   

 

The scope of  services for this aquifer and well field capacity assessment include the following: 

 

 Prepare and apply for a groundwater exploration permit for the site from Manitoba Conservation and Water Stewardship (MCWS) 

– Water Use Licensing Section (WULS). 

 

 Undertake a review of  the background site history relating to the water supply. 

 

 Review the background geology and hydrogeology. 

 

 Review all of  MCWS hydrograph monitoring stations for long term water levels and groundwater chemistry/isotopic chemistry. 

 

 Undertake a well inventory within a 5 kilometer radius of  the production well site 
 

 Complete the drilling and installation of  at least three observation wells in both the carbonate and sandstone aquifers surrounding 

the well field site. 

 

 Design and install two 12 inch diameter production wells, and complete the required developing. 

 

 Undertake a 72 hour pumping test on one of  the proposed supply wells, with a pressure transducer monitoring network to monitor 

water level response over pumping period, including the collection of  groundwater quality samples for isotope and geochemical 

analysis. 

 

 Review the capacity of  the well field, and calculate the proposed impact from pumping.   

 

 Complete a detailed report of  the investigations that is suitable for submission to MCWS. 

 

The City of  Steinbach gave approval to proceed with the work in April of  2012, with the understanding that this project would be a 

multi-year investigation, with completion of  the hydrogeological reporting portion in 2015. 

 

The location of  the existing well field and the new proposed Park Road well field site is shown below as Figure 2. 

 

 
Figure 2 – Location of  the existing and proposed well field – City of  Steinbach, Manitoba (source – www.googleearth.com, 2015) 

http://www.googleearth.com/
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Regulatory Requirements for Municipal Groundwater Supplies 
 
Water Rights Act and Existing Licenses 
 

The Province of  Manitoba has the responsibility to distribute water under the Water Rights Act.  This act requires that anyone using 

water exceeding 25,000 L/day for commercial, industrial, agricultural, and municipal use must obtain a license under the act.  This is 

also required for industrial and geothermal heating/cooling applications.  Water rights licensing is based on a first in time, first in right 

procedure.  For groundwater projects, an exploration permit is required prior to starting the project.  In order to provide approval for 

the exploration permit, MCWS – WULS reviews the available aquifer allocation (if  available), to determine if  the project is potentially 

suitable.   

 

Upon completion of  the testing of  the project, MCWS-WULS reviews the proponent’s proposal to determine if  there are any third 

party impacts that may result.  If  these impacts are present, mitigation factors may be required.  These include such things as 

groundwater interference plans, well repairs, replacements, and pump inspections.  These programs are usually undertaken by the 

proponent of  the project.  Reports are usually prepared for the project by a consulting hydrogeological engineer or hydrogeologist.   

 

If  the application is deemed acceptable and third party impacts are managed or addressed, MCWS-WULS will issue a license for the 

diversion of  groundwater.  The proponent then has the right, under some conditions, to the water supply for a specific duration.  The 

right is also protected from other use in the area.   

 

The City of  Steinbach has held three licenses in the past.  The details are contained below, along with the current license: 

 

 License No. 63 - 37  – 500 acre feet/year – (1963 to 1973) – Two wells completed in carbonate/sandstone aquifers. 

 

 License No. 86-39 – 1,473 acre feet/year – (1986 to 1996) – Two wells initially in the carbonate/sandstone aquifers, followed by 

three wells completed only in the carbonate aquifer. 

 

 License No.  2009-073 – 1,620 acre feet/year – (2009 to present) – Three wells completed in the carbonate aquifer. 

 

There a number of  conditions and clauses on each license.  Copies of  the current licenses are attached as Appendix A. 

 

The proposed Park Road wells are located on lands that are controlled by the City of  Steinbach, although the Crown still controls the 

mineral rights to the site.  A copy of  the land title certificate for the site is attached as Appendix B.  The nearest First Nation to the site 

is the Roseau River First Nation I.R.#2, which is located about 50 km to the southwest.   

 

Friesen Drillers submitted a groundwater exploration permit on December 11, 2012.  The application provided a requested new 

groundwater diversion allocation of  1,000 dam3/year (810.7 acre feet/year).  MCWS – WULS issued a groundwater exploration permit 

on January 16, 2013.  There were a number of  conditions on the exploration permit, which corresponded well with the defined scope 

of  work for the project. The authorization permit allowed for the testing of  the wells under the supervision of  a consulting 

hydrogeologist or hydrogeological engineer.   

 

A copy of  the groundwater license application and subsequent authorization is attached as Appendix C.   

 

 

Environment Act License 

 

In the event that a requested groundwater supply project exceeds 200 dam3/year, an environment act license is also required.  This is 

required under the Environment Act of  the Province.   

 

An Environment Act Proposal is prepared by the proponent for a water supply project.  This proposal usually involves the 

identification of  any potential environmental effects from the water supply diversion.  The proposal usually identifies potential third 

party impacts and possible effects.  Mitigation measures are usually proposed and evaluated.  The proposal is usually advertised for 

public comment and review.  Often times, environmental groups and organizations review these proposals to ensure that environmental 

effects are taken into consideration.  In the event that there is a significant amount of  public opposition to a potential project, the 

Minister of  Conservation and Water Stewardship may order the Clean Environment Commission to hold public hearings to review the 

project and the proposed concerns.  Although these public hearings are rare, they have been held for water supply projects in Manitoba 

in the past. 



 – 5 –   

Environment Act License (cont’d) 

 

Copies of  environment act proposals are also submitted to various organizations within governments for comments and review.  Often, 

water supply proposals involving groundwater use are reviewed by the Provincial Groundwater Management Section.  If  the 

environmental impacts are deemed to be minor, or the mitigation proposals are acceptable, the director will issue an environment act 

license for the development or project. 
 
The requirement for environment act assessments for water supplies was put into force in the mid 1990’s.  As a result of  this 
requirement, several water supply systems that did not originally obtain an environment act license would be requested to undertake this 
aspect upon a request for additional groundwater use allocation.   
 
The City of  Steinbach’s existing water supply currently holds Environment Act License No. 2885 for the water supply located on the 
eastern side of  the city.  This project involves no modifications to the existing water supply; therefore a new Environment Act License 
application will be required for the site.  This application will be filed at a later date. 
 
 
Water Supply Requirements 
 
The City of  Steinbach engineering staff  undertook the preliminary planning for the increased water supply for the long term future of  
the city in January of  2012 (City of  Steinbach, 2012).  As part of  the investigations, the city staff  reviewed the long term population 
growth projections for the city.  The City of  Steinbach is currently growing at a rate of  2.4% per year, and future water supplies will be 
needed to allow the city to meet the demand to 2038 (P. Kalyta, personal communication, 2014).  The intention is to develop the long 
term water supply from a secondary well field along Park Road, combined with the associated treatment/disinfection system.  The 
increase in water supplies to meet the city needs is estimated to be an additional 1,120 acre feet/year (1,382 dam3/year).  Over the last 
ten years, the city per capita water use has declined from about 415 L/person/day to 333 L/person/day).  This reduction has taken 
place without a formal water conservation program in being place (P. Kalyta, personal communication, 2015). 
 
A summary of  the long term water supply demand, along the population projections and associated water use demand is provided in 
Appendix D. 
 
 
Site Setting 
 
The Steinbach area is located within the Manitoba lowlands, within the Red River drainage basin.  Typically surface drainage is directed 
towards the Red River, which subsequently flows into the Lake Winnipeg system, which ultimately discharges into Hudson’s Bay.  The 
climate in the area is continental, and shows typical variability of  seasons and precipitation.  According to Environment Canada, 
precipitation varies across the south eastern part of  the province.  Near the Steinbach area, average annual precipitation is about 550 
mm annually (Environment Canada, 1982).  Evapotranspiration is reasonably high and is estimated to be 450 mm annually in southern 
Manitoba (Environment Canada, 1982).  The average temperature in southern Manitoba is about 3.3 degrees Celsius (Environment 
Canada, 1982).   
 
Surface drainage in the Steinbach area is restricted to the Manning Canal, Seine River, the Seine River Diversion, and the Rat River.  
Several smaller drainage channels also exist in the area, with one in particular being through Steinbach.  Many of  the features only flow 
during the spring melt /recharge season.  The majority of  precipitation occurs during the spring to fall period.   
 
With the exception of  small marshes and springs that are located in the eastern part of  the Steinbach area, there are no major natural 
surface water features.  Due to the geological conditions, several exposed gravel pits have been filled with surface run-off.  Within the 
Sandilands area, located about 25 kilometers east of  the city, several small lakes, marches, bogs, and swamps are present.  Further to the 
east, several larger surface water lakes are present within the Whiteshell area, which is a part of  the Winnipeg River drainage basin. 
 
The area is characterized by flat prairie and agricultural land use.  In general, there is very little relief  as the land surface is fairly flat and 
level.  Towards the east, the land surface rises and becomes more forested.  The local land surface is predominantly used for agricultural 
activities of  mixed grain farming, ranching, and livestock use.  The city is a major service center for southeast Manitoba, with a current 
population nearing 13,524 people, making it the third largest city in Manitoba (Statistics Canada, 2014).  The city encompasses 9.87 
miles square (P. Kalyta, personal communication, 2015), and has a population density of  528.9 people /km2.   
 
Surrounding the proposed well field at Park Road, the following land use is present: 
 

 North: Agricultural lands and rural residential properties. 
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Site Setting (cont’d) 
 

 East: Agricultural lands, followed by the light commercial and residential buildings. 
 

 South: Agricultural lands, followed by the light commercial and residential buildings. 
 

 West: Agricultural lands, followed by the City of  Steinbach lagoons   
 
The approximate boundaries of  the City of  Steinbach are shown below as Figure 3. 
 

 
Figure 3 – Approximate boundaries – City of  Steinbach (source – City of  Steinbach, 2015) 
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Geology and Hydrogeology of  the Steinbach Area 

 
Bedrock Geology  
 
The Steinbach area is located within the eastern fringes of  the Western Canadian Sedimentary Basin (WCSB), or the Williston Basin.  
The WCSB is a wide spread wedge shaped sedimentary basin with Precambrian bedrock as the basement feature.  Figure 4, shown 
below, details the extent of  the WCSB, and shows the location of  the study area. 

 

 
Figure 4 – WCSB showing location of  the Steinbach area. (source - Alberta Geological Survey, 2009) 

 

The basin extends throughout the central Canadian plains, and underlies about 1.4 million km2.  The basin extends north into the 

Northwest Territories, to the eastern fringes of  the Rocky Mountains, and westerly, into central Manitoba.  A large portion of  the basin 

extends into the northwest United States.  Precambrian igneous and metamorphic rocks form the basal geologic unit across the WCSB.  

 

The Precambrian basement bedrock is expected to lie at a depth of  approximately 300 to 320 feet below grade within the Steinbach 

area.  This is expected to change within the area, as the formation typically dips about 5 to 10 feet every mile westward.  This follows 

the dip of  the WCSB in the southeastern area of  Manitoba.  Overlying the Precambrian Surface is the Winnipeg Formation sandstone.  

The sandstone sequence is thought to be about 60 to 80 feet thick in the area (Betcher, 1986).  The Winnipeg Formation consists mainly 

of  layered silica sandstone and marine shales.  The sandstone is generally very weakly cemented in the area, which is known locally as 

the Carmen Sand.  A substantial number of  wells have been drilled into this formation in the Steinbach area.  Overlying the sandstone 

is a thin (10 to 20 feet in some places) sequence of  marine shales.  This shale sequence acts as an aquitard overlying the sandstone units 

(Betcher, 1986). 

 

Overlying the Winnipeg Formation is the carbonate bedrock of  the Red River Formation, which typically consists of  alternating layers 

of  limestone and dolostone with very thin basal shale layers.  There is a conformable transfer between the two geological units.  It is 

reported that the Selkirk Member of  the carbonate sequence is approximately 140 feet in total thickness within the Steinbach area 

(Betcher, 1986).  The Red River Formation and the overlying carbonate units are collectively called the carbonate evaporite unit in 

Manitoba.  This unit extends south of  the Steinbach area, through the Manitoba Interlake, to The Pas, and beyond.  The upper surfaces 

of  the carbonate bedrock have been eroded, worn, and highly damaged by erosional unconformities and Pleistocene glaciations.  The 

surface has also been impacted by some karstic features in the geologic past.   

 

A regional geological cross section approximately includes the City of  Steinbach area is shown on the following page as Figure 5. 
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Bedrock Geology (cont’d) 

 

 
Figure 5 – Geological cross section approximately through the Steinbach area. (source – Matile and Keller, 2007) 

 

 

Surficial Geology 

 
The carbonate bedrock surface was extensively eroded during the pre-glacial period.  This erosion resulted in significant damage to the 
upper surfaces.  Joint sets, fractures, and voids were present, along with an extensive karstic development.  Some of  these features have 
been infilled with more recent sediments.  A dense basal till unit, with some layers of  sand and gravel, was deposited directly on the 
carbonate bedrock surface during the glaciations.  Some of  the previous permeable features were infilled during this period.   
 
After the final glacial retreat, a pro-glacial lake developed, which resulted in the deposition of  water laid tills, and glacio fluvial silty grey 
clays.  The overburden material acts as a confining layer in the southeast of  Manitoba.  In the Steinbach area the overburden clay and 
glacial till is thought to be about 80 to 100 feet in thickness.  The glacial till is typically about 80 feet thick. 
 
 
Hydrogeology 
 

Groundwater flow in the carbonate bedrock of  the Red River Formation generally occurs in the fracture and joint sets in the rock.  The 

size, extent, and interconnectivity of  the fracture system govern horizontal and vertical groundwater movement through the bedrock.  

Due to this geologic condition, aquifer transmissivity and storativity can vary significantly over a relatively short distance, resulting in 

substantial variations in well yield (Render, 1970).  The Red River Formation is considered to be a significant water supply resource 

throughout the central portion of  Manitoba, being developed for municipal, commercial, and private water supply systems (Betcher et. 

al, 1995). 

 

Although the aquifer is known locally as a single aquifer, there are numerous fracture sets, joints, bedding planes, and karstic features, 

which indicate that the aquifer should technically be known as an aquifer system.  

 

Groundwater flow in the Winnipeg Formation sandstone is through the weakly cemented, poorly consolidated quartzose sandstone.  

The thin marine shale sequence acts as an aquitard between the two aquifers (Betcher, 1986).   

 

In some areas of  the southeast, there are significant sand and gravel aquifers occurring within the overburden sediments.  In the 

Steinbach area, there are some minor sand and gravel sequences within the till, but these appear to be very sporadic, with   no major 

areas forming a regional aquifer.   

 

Groundwater flow is from east to west in both aquifers in the Steinbach area.  Recharge to the aquifers occurs from a major sand and 

gravel moraine series that lies to the east.  This moraine is known as the Sandilands area.  Within the Sandilands, coarse sands, gravels, 

silts and clays lie directly on the bedrock sub crop of both Paleozoic sequences.  These highland moraines accept snow melt run off and 

rainfall, and impose a high head on the two Paleozoic bedrock aquifers in the area.  The exact amount of groundwater recharge to the 

formation has not been determined by research.  This recharge dynamic is presented in Betcher and Ferguson (2003) and is shown on 

the following page as Figure 6. 
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Hydrogeology (cont’d) 

 
Figure 6 – Simple drawing of the groundwater recharge dynamics in the Southeastern Manitoba. (source – Betcher and Ferguson, 2003) 

 

Groundwater discharge in the area occurs through a variety of means.  The carbonate aquifer is known to discharge in the Red River 

Floodway, and into other creeks, drains and streams in the area.  There is thought to be some discharge to the Red River near 

Winnipeg, and likely discharge into Lake Winnipeg.  Further, there is some domestic, farm municipal well consumption on the aquifer, 

with the largest user in the area being the City of Steinbach.  Groundwater discharge in the Winnipeg Formation occurs through 

domestic, farm and municipal well pumping, and basal discharge into Lake Winnipeg. 

 

The potentiometric surfaces in the carbonate and sandstone aquifers within in the Steinbach area is shown below and on the following 

page as Figures 7 and 8.  It should be noted that the groundwater flow directions and heads are very similar in both formations.   

 
Figure 7 – Groundwater flow in the carbonate aquifer – Southeast Manitoba area (data source – MCWS, 2014) 
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Hydrogeology (cont’d) 

 
Figure 8 – Groundwater flow in the sandstone aquifer – Southeast Manitoba area (data source – MCWS, 2014) 

 

The carbonate aquifer gradient in the Steinbach area was determined to be about 8.49 x 10-4, and a resultant vector of  about 312 

degrees.  The sandstone flow direction was determined to be almost the same, with a similar gradient.   

 

The southeastern area of  Manitoba generally has high permeability in the carbonate bedrock, with transmissivity values ranging from 

5,000 to 150,000 U.S.G.P.D./ft. (Render, 1970).  Due to the fractured rock nature of  the aquifer, the permeability varies substantially 

with distance.  In the Winnipeg Formation Sandstone, Wang et. al. (2008) determined the hydraulic conductivity of  the Winnipeg 

Formation Sandstone to be about 2.38 x 10-5 m/s.  Assuming about 100 feet on average for a formation thickness, the transmissivity 

was determined to be about 5,000 to 10,000 U.S.G.P.D./ft. on average.   

 

Interformational flow between the overlying carbonate aquifer system and the underlying Winnipeg Formation is of considerable 

interest in the area (Betcher, 1986).  As stated previously, the thin marine shale sequence overlying the sandstone is thought to be a 

highly effective aquitard, thereby isolating the two units.  Betcher (1986) provided evidence of the significant geochemical differences 

between the two formations as reason for the effectiveness of the aquitard.  In the Winnipeg area, the Winnipeg Formation shale 

separates the saline/brackish glaciogenic groundwater of the formation with the overlying freshwater of the carbonate aquifer.  It is 

highly likely that some fluid movement occurs through the Winnipeg Formation shale, although it is expected that with the similar 

heads, and the Ghyben-Herzberg relationship, there is little fluid transfer between the two formations.  In reviewing the theory of  

saline/fresh water boundaries in porous media aquifers, we note the Ghyben-Herzberg relation, which states that in the event of  a 1.0 

foot drop in the static water level of  an unconfined coastal aquifer, the saline water interface will rise approximately 40 feet (Freeze and 

Cherry, 1979).  The extent of  the fluid movement between the two formations across the Winnipeg Formation shale is not completely 

known at the time. 

 

In the Steinbach area, the situation is significantly different, as the two water qualities in the carbonate and Winnipeg Formation are 

isotopically very similar.  Further, there has been an estimate of  over 5,000 wells drilled in the freshwater area of  the Paleozoic in 

southeastern Manitoba.  Betcher and Ferguson (2003) reported that these interconnecting boreholes have resulted in localized losses in 

the naturally softened groundwater from the Winnipeg Formation, and local water quality changes in the carbonate aquifer.  Betcher 

and Ferguson (2003) further estimated the volumetric discharge in head between the carbonate aquifer and sandstone aquifer as shown 

on the following page as Figure 9. 
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Hydrogeology (cont’d) 

 
Figure 9 – Relationship between head difference between the carbonate aquifer and the sandstone aquifer as plotted for the 

southeastern Manitoba aquifers.(Betcher and Ferguson, 2003) 

 

This relationship between the sandstone and carbonate aquifers will be discussed in further detail in the following sections.  In addition 

to the hydraulic relationship between the two aquifers, there is also a geochemical relationship.  The testing conducted during this 

investigation is extremely interesting from a hydrogeological point of  view, as it explores the relationship between the carbonate and 

sandstone aquifers in greater detail. 

 

 

Local Hydrograph Review 

 

In order to review the regional groundwater flow directions and the long term response in the carbonate and sandstone aquifers over 

the last 50 years across the Steinbach area, the following MCWS chart hydrograph stations were accessed for potentiometric elevations: 

 

 G05OH031 – Carbonate Aquifer  G05OH032 – Sandstone Aquifer 

 G05OE049 – Carbonate Aquifer  G05OE069 – Sandstone Aquifer 

 G05OE050 – Carbonate Aquifer  G05OE070 – Sandstone Aquifer 

 G05OE042 – Carbonate Aquifer  G05OE046 – Sandstone Aquifer 

 G05OE031 – Carbonate Aquifer  

 G05OH037 – Carbonate Aquifer  G05OE028 – Sand and Gravel Aquifer 

 G05OE029 – Carbonate Aquifer  

 G05OE030 – Carbonate Aquifer 

 G05OE027 – Carbonate Aquifer 

 G05OE032 – Carbonate Aquifer 

 

Hydrograph data source – MCWS, 2012/2013 

 

The observation (hydrograph) well locations are shown below as Figure 10. 

 

 
Figure 10 – MCWS Observation Well locations in the Steinbach area (source – MCWS, 2012) 
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Local Hydrograph Review (cont’d) 

 

Through a review of  the precipitation data and hydrographs, the following comments can be noted.  The average annual precipitation in 

the area is typically around 575 mm/year (1981 to 2010), with typical seasonal and climatic variations.  Some years, for example, the 

precipitation has been higher than 800 mm, with some drier years showing less than 400 mm.   

 

In order to determine the seasonal and climatic effects on the hydrograph network, three long term hydrograph stations were plotted 

against the total annual precipitation, which is shown below in Figure 11.  The locations of  these long term stations are shown on the 

following page as Figure 12.  The majority of  the stations in the Steinbach area were installed in the early 1990’s, and these three long 

term hydrograph stations date back to the early 1960’s.  Although there are fairly major seasonal and climate changes, the long term 

hydrograph record appears to be stable, with only minor fluctuations and changes.  Two fairly pronounced drier periods occurred 

during the mid-1970’s and in the late 1980’s, and both of  these are clearly reflected in the hydrograph of  OH008.   

 

The record generally shows a fairly stable hydrograph response, with some minor depressions and rises with seasonal and climatic 

variations.  There does not appear to be any long term progressive drawdown in the area that is not explainable.  There will be more 

details on this topic discussed below. 

 

 
Figure 11- Long term total annual precipitation versus G05OH007/OH008/OH009 (data source –Environment Canada, 2005/MCWS, 

2014) 
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Local Hydrograph Review (cont’d) 

 

 
Figure 12 – Location of  G05OH007/OH008/OH009 (source – MCWS, 2012) 

 

In 2006/2007, MCWS began a project to investigate groundwater resources in the southeast.  A number of  long term hydrograph 

stations in the carbonate aquifer were twinned with observation well stations completed into the Winnipeg Formation.  Although the 

record is relatively short and a slight head difference is present, the hydrographs appear to be an exact image of  each other, with each 

equally displaying similar change in static water levels.  An example station is shown below as Figure 13.   

 

 
Figure 13 – Multi-station hydrograph comparison.  G05OE050 is completed into the carbonate aquifer, while G05OE070 is completed 

into the sandstone aquifer. (source – MCWS, 2013) 



 – 14 –   

Local Hydrograph Review (cont’d) 

 

As part of  this project, an opportunity was presented to conduct some monitoring of  the relationship between the carbonate aquifer 

and the Winnipeg Formation sandstone aquifer.  This project allowed for the instrumentation and monitoring of  several wells 

completed into both aquifer units.   

 

In the Steinbach area, static water levels in the Winnipeg Formation are generally higher than in the overlying carbonate aquifer.  This 

condition apparently has been present for long periods of  time, as in the early 1900’s, it was known that drilling into the Winnipeg 

Formation sandstone would result in flowing conditions (J. Friesen, personal communication, 2007).  This condition is thought to be 

intuitive, since there is much more opportunities for natural groundwater to discharge from the overlying carbonate aquifer system.  

The hydrograph record at G05OE050/G05OE070 reflects a fairly “undeveloped” area of  both aquifers, which would not be overly 

affected by the pumping of  either aquifer. At this site, the water level of  the Winnipeg Formation is about 1.3 m (4.3 feet) higher than 

that of  the overlying carbonate aquifer.   

 

In the Steinbach area, the existing City of  Steinbach wells develop the carbonate aquifer; while in the Blumenort area, Granny’s Poultry 

Co-operative has developed the Winnipeg Formation sandstone.  It is also well known in the area that there are a vast number of  

interconnecting boreholes between both formations.  For many years, up until the mid-1980’s, the City of  Steinbach wells were 

completed open hole through both formations.  The Granny’s poultry wells up until 2012, pumped from both zones.  Since 2012, the 

sandstone only has been developed, although the open hole interconnecting wells are still present on the site (Bell, 2014).   

 

Despite almost 60 years of  pumping, the static water levels in the Winnipeg Formation sandstone are still very similar in elevation to the 

static water levels in the carbonate aquifer.  The levels, as shown below in Figure 14 are extremely similar, although during shutdown, 

the sandstone static water level is noted to be higher.  Generally speaking, they respond in a very similar manner to each other, although 

there are indications from Figure 14, which show slightly different recovery rate, meaning that it is likely that the Winnipeg Formation 

sandstone would likely recover slightly higher than the carbonate aquifer, which is being developed at this location. 

 

 
Figure 14 – Existing well field hydrograph station showing the Winnipeg Formation and the Carbonate Aquifer 

 

It is extremely interesting that after 30 to 40 years of  pumping from the combined wells, and an additional 30 years of  pumping from 

only the carbonate aquifer, the static water levels in the Winnipeg Formation sandstone are still above the carbonate aquifer level at the 

wells field.  Although it was always speculated that the sandstone aquifer had an effect on the carbonate aquifer, this hydrograph 

represents the strength of  this effect.  Further, this hydrograph response demonstrates the level of  interconnectivity between the two 

formations in the area.  The sandstone aquifer appears to be almost perfectly connected in this location, with slightly different boundary 

conditions. 
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Local Hydrograph Review (cont’d) 

 

The hydrograph shown in Figure 14 also draws attention to the fact that through pumping of  the carbonate aquifer, there is an 

immediate response in the underlying Winnipeg Formation unit, although the effect is dampened somewhat.  This effect is also shown 

in the recovery of  both units.  Although the pumping is only in the carbonate aquifer, both levels recover at similar rates to their pre 

pumping static water levels.  This hydrograph leads weight to the supposition that considering the carbonate aquifer alone in the 

Steinbach/Blumenort area may lead to erroneous interpretations.   

 

At the Granny’s Poultry site, the situation is somewhat different, as the carbonate bedrock is not being developed at this location.  The 

hydrograph from the Granny’s Poultry site is shown below as Figure 15. 

 

 
Figure 15 – Granny’s Poultry nested observation well 

 

The situation at Granny’s Poultry reflects very similar conditions, as the sandstone aquifer and carbonate aquifer reflect very similar 

pumping conditions, with almost an equal response to the pumping.  In the case of  the Granny’s site, the carbonate aquifer level is 

consistently higher than the sandstone level.  The more irregular, cyclical pumping nature of  the Granny’s site is quite evident, along 

with their 5 days per week working schedule, with weekends off.  The water use throughout the plant is also clearly not regular or 

consistent in any way, with some weeks using more water than others.  Overall, the recovery data on the weekends is very consistent and 

regular. 

 

Around the Steinbach area, the Sandstone aquifer is thought to have approximately 1.5 m of head above the carbonate aquifer level, 

under a no pumping state of nature.  This level rises somewhat towards the west, as in Ile des Chenes, the Sandstone hydrograph is 

about 3.5 m higher than the overlying carbonate aquifer.  This is logical, as there are more opportunities for discharge on the carbonate 

aquifer than there would be for the Winnipeg Formation Sandstone aquifer.  It is known that pumping either of the formations 

separately will   cause a similar pressure decline   in the non-pumping formation.   
 

As part of  the MCWS investigations into the aquifers in the southeast in 2008, Wang et. al. (2008), noted that most hydrograph records 

recovered after the 1991 dry period, with the exception of  an area located west of  Steinbach.  Wang et. al. (2008) concluded that this 

was the result of  development pressure, as it was in a negative drawdown condition.  The area is shown on the following page as Figure 

16. 
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Local Hydrograph Review (cont’d) 

 

 
Figure 16 – Negative drawdown in the carbonate aquifer (units are unknown) (source – Wang, et. al., 2008) 

 

Figure 16 shows a negative drawdown of  about -7 in an area centered near the City of  Steinbach.  The units are not depicted on the 

map; although the rest of  the paper uses meters (Wang, 2008).   

 

This concept is somewhat difficult to accept, as there are no major production wells or consumptive groundwater users in the area, 

other than the LUD of Landmark, which was put into service, at about 60 U.S.G.P.M., in 1991.  It is also speculated by Wang et. al, 

(2008) that this section of the carbonate aquifer may take longer to come to equilibrium from climatic changes and pumping stress.  It 

was noted in the paper that the remainder of the southeast did not show any development stress, even around the well-established 

drawdown cone around the City of Steinbach supply wells.  In effect, what they were discussing was a potentiometric area in the aquifer 

that did not respond to increased groundwater recharge; in effect a constant head discharge area.  There are zones like this along the 

mid part of the Red River Floodway Channel. 
 

It is speculated that the situation Wang refers to is  drawdown and an area of constant head that  has resulted from a project conducted 

by MCWS in the 1970’s, when the Seine River diversion channel was dug through the area.  In an area west of Steinbach, the drain base, 

of what is called the Manning Canal continued to blow out from the high artesian Carbonate Aquifer conditions that were present.  In 

order to lower the heads in the area, four large diameter relief wells were constructed, and were allowed to drain through a pipeline to 

the Red River.  Eventually this water was collected at the Towns of Ste. Agathe and Ile des Chenes, and is still currently used for water 

supply in the area.  The four wells apparently discharges over 500 U.S.G.P.M. per well when originally constructed.  Since the 

installation, the static water levels have declined somewhat to the point that the flow rate is considerably less.  According to some 

residents in the area, the drawdown in the aquifer has been noted several miles to the north near Landmark and New Bothwell. 

 
It is speculated that the “negative drawdown” discussed by Wang et. al. (2008)   is a result of the MCWS artificial head lowering and 

constant Carbonate Aquifer conditions caused by the south lateral drain head lowering project.  Thus, the current water levels in the 

area are the new “state of equilibrium” for the area.  It was noted by Wang (personal communication, 2014) that the discharge wells 

have been operating since the 1980’s, and that the effects would already be complete by 1991.  It is felt that long term drawdown 

conditions over 20 years or more may be required to see the effects of the discharge.  An example of this is the Red River Floodway, 

which took more than 20 years for the effects to begin to stabilize.   
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Regional Groundwater Geochemistry 

 

The geochemistry of  the two aquifers in the southeast of  Manitoba is complex.  In the geologic past, prior to the start of  the 

Pleistocene glaciations, it is highly likely that both aquifers were saline or brackish.  Due to the subcrop recharge dynamics of  the 

moraines present to the east, the aquifers receive a large amount of  freshwater recharge annually.  This has resulted in a large freshwater 

presence in both the carbonate and Winnipeg Formation Aquifers.   This freshwater has formed a distinctive “wedge” in the southeast 

of  the province.  Figures 17 and 18, shown below; depict the freshwater portions of  the carbonate and Winnipeg Formation aquifers, 

respectively.   

 

 
 

Figure 17– Carbonate Aquifer freshwater areas (saline areas are       Figure 18– Winnipeg Formation chemistry (> 1 g/L is fresh) 

shown as to the west of  the River) (source – Betcher et. al, 1995.)       (source – Betcher, et. al., 1995.) 

 

In order to determine the background groundwater geochemistry across the Steinbach area, the following MCWS hydrograph station 

groundwater sampling results were reviewed.   

 

 G05OH031 – Carbonate Aquifer  G05OH032 – Sandstone Aquifer 

 G05OE049 – Carbonate Aquifer  G05OE069 – Sandstone Aquifer 

 G05OE050 – Carbonate Aquifer  G05OE070 – Sandstone Aquifer 

 G05OE042 – Carbonate Aquifer  G05OE046 – Sandstone Aquifer 

 G05OE031 – Carbonate Aquifer  

 G05OH037 – Carbonate Aquifer  G05OE028 – Sand and Gravel Aquifer 

 G05OE029 – Carbonate Aquifer  

 G05OE030 – Carbonate Aquifer 

 G05OE027 – Carbonate Aquifer 

 G05OE032 – Carbonate Aquifer 

 

 

Observation well chemistry data (source – MCWS, 2012/2013) 
 

The results from the MCWS observation wells were plotted on a trilinear plot for comparison purposes.  The results are shown on the 

following page as Figure 19. 

 

Generally, the groundwater quality declines towards the west.  Moving further west from the recharge area results in rising 

concentrations of major ions and total dissolved solids.  In both aquifers, the groundwater quality is mostly Calcium/Magnesium/ 

Bicarbonate type. However particularly in the Carbonate Aquifer there are zones of Calcium/Magnesium/Chloride waters.    
 

This flushing action of  recent recharge through the area acts as a natural softening of  the groundwater from the Winnipeg Formation.  

The freshwater is not moving uniformly through the aquifer, as shown by Phipps et. al, (2008).  In addition, the change in chemistry 

between the sandstone and overlying carbonate aquifer is shown on the following page as Table 1.   
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Regional Geochemistry (cont’d) 

 

In the Steinbach/Blumenort area, the water quality in the carbonate is expected to be very similar to the underlying sandstone aquifers.  

It is noted that the calcium and bicarbonate concentrations in the sandstone are elevated above the carbonate aquifer, while the sodium, 

chlorides, and sulphates of  the sandstone are lower.  It is speculated that this is largely due to the intermixing of  both aquifers in the 

area.  It is thought to be normal for the carbonate aquifer to have much poorer quality water. 

 
Figure 19 – Piper plot (data source – MCWS, 2013) 

 

Table 1 
MCWS Observation Wells  

Comparison of Carbonate and Sandstone Aquifers in the Steinbach/Blumenort area 

Parameter G05OE049 – Carbonate Aquifer G05OE069 – Sandstone Aquifer 

Calcium 54.9 mg/L 67.3 mg/L 

Magnesium 35.7 mg/L 35.4 mg/L 

Sodium 24.7 mg/L 17.6 mg/L 

Potassium 4.6 mg/L 6.98 mg/L 

Carbonate  < 0.5 mg/L < 0.5 mg/L 

Bicarbonate 372 mg/L 416 mg/L 

Chloride 5.53 mg/L 1.67 mg/L 

Sulphate 4.49 mg/L < 1.00 mg/L 

Conductivity 560 umhos/cm 600 umhos/cm 

Total Dissolved Solids 301 mg/L 331 mg/L 

Barium 0.48 mg/L 1.55 mg/L 

Table 1 – Comparison of sandstone and carbonate aquifer basic routine geochemistry. (data source – MCWS, 2012) 
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Regional Geochemistry (cont’d) 

It should be noted through a review of  the concentrations in Table 1, that the concentration of  Barium was reported.  This level 

apparently exceeds the Guidelines for Canadian Drinking Water Quality (GCDWQ, 2008).  This has been somewhat of  an issue in the 

Blumenort area, where both aquifers have been interconnected.  The reason for the increase in barium concentration is not known, but 

is speculated to be a result of  the interconnection of  the two aquifers.   

The regional distribution of  groundwater quality types in the carbonate aquifer is reasonably complex.  It is no doubt influenced by the 

interconnections of  the Winnipeg Formation Sandstone, and the recharge dynamics.  Phipps et. al. (2008) mapped the distribution of  

groundwater quality types in the carbonate aquifer, which is shown below as Figure 20. 

 

 
Figure 20 – Groundwater quality type variations in the carbonate aquifer in southeastern Manitoba.  (source – Phipps, et. al., 2008) 

 

Due to the interconnectivity of  the aquifers in the Steinbach area, it has long been speculated that that has been some water quality 

changes in both aquifers.  This has been a difficult case to prove with the lack of  long term data from both aquifers with a continuous 

point source well.  During this project, the long term routine raw water quality data for the City of  Steinbach was collected and plotted 

to determine if  there was any long term effect of  groundwater quality changes.  The City of  Steinbach has been collecting raw 

groundwater quality data annually since 1993 from their three supply wells in the carbonate aquifer.   

 

An example result of  the groundwater quality plotting for well No. 2 is shown on the following page as Figure 21. 
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Regional Geochemistry (cont’d) 

 
Figure 21 – Long term raw water quality trends – City of  Steinbach Well No. 2 (1993 to 2014) (data source – City of  Steinbach, 2015) 

 

The groundwater quality of  the carbonate aquifer in the majority of  parameters is generally stable, although the total dissolved solids 

and magnesium appear to be on a slightly decreasing trend.  This effect is generally shown across all three wells, and is thought to be a 

result of  sandstone water leakage from the underlying sandstone aquifer.  The recharge dynamics of  the carbonate aquifer have not 

changed throughout the recent geological time, therefore the only logical explanation is the increasing effect of  the aquifer 

interconnectivity.  There is no specific long term data for comparison from the Winnipeg Formation.   

 

During field investigations by the MCWS in the Southeast, samples were collected for the analysis of  isotopes of  oxygen.  The ratios of  

the main isotopes that comprise the water molecule (18O/16O) and 2H/1H are important for hydrogeological investigations (Freeze and 

Cherry, 1979).  The units are presented in delta (δ) units as parts per thousand or ‰ (Freeze and Cherry, 1979) relative to standard 

mean oceanic water (SMOW).  The two isotopes of  water have different freezing and vapour points, which leads to different 

concentrations as a result of  freezing, condensation, melting, and evaporation (Freeze and Cherry, 1979).  As water is evaporated from 

the ocean, there is a decline in the 18O concentration by a specific amount.  As the vapor condenses, the precipitation has a higher 18O 

concentration.  This process continues as the vapor moves inland, and undergoes many cycles of  condensation and evaporation.  This 

fact makes deuterium and 18O very useful for hydrogeological investigations, as the origin and mixing of  different waters can be 

determined.  In order to determine the changes from local precipitation, deuterium and 18O results are plotted to determine the local 

meteoric water line, which would be expected to be the typical concentrations in recent precipitation events in the southeast.   
 
Phipps et. al.(2008), conducted sampling of  approximately 50 MCWS observation and monitoring wells in 2008, as part of  the 
southeast groundwater study.  These results were plotted against a local meteoric water line, which was determined to be δ2H = 
7.6·δ18O+2.2, which is the virtually the same as the local meteoric water line for the Gimli area (IAEA, 2012).  This plot is shown on 
the following page as Figure 22.  The various aquifers in the southeast are also shown. 
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Regional Geochemistry (cont’d) 

 
Figure 22 – Local isotopes in the southeast (source – Phipps et. al., 2008) 

 
The values indicate that the groundwater is modern precipitation.  The results are typical for fairly recent movement of  young recharge 
water.  There is a slight indication of  a slope change resulting from snow melt infiltration (Fritz &Clark, 1997).  Groundwater from the 
supply wells is slightly older than the overlying sand and gravel aquifer isotope samples obtained from the recharge moraine area.  It 
should be noted that highly depleted samples are shown to the left on the local meteoric water line, which indicate recharge under very 
different climatic conditions.  This is likely hold over water from the Pleistocene glaciations (Clark, 2014). 
 
The groundwater from the two aquifers in the Steinbach area is fairly recent, and indicates a fairly recent movement through the aquifer 
towards the area.  There is also not a marked change in the values in the sandstone aquifer from the overlying carbonate aquifer in the 
Steinbach area. 
 
 
Well Inventory 
 
As part of  the requirements from MCWS – Water Rights Licensing Section, a well inventory of  risk for private and commercial wells 
located within a 5.0 km radius of  the Park Road well location, was requested in the permit.  The inventory would seek to determine the 
number of  private wells in the area that may be located within the potential drawdown cone of  the proposed supply well location.  The 
inventory was conducted using MCWS – Groundwater Management Section’s GWDRILL (2014) database.  The completed inventory is 
attached as Appendix E.  
 

The well inventory produced a record of  nearly 1,100 private, domestic, and municipal water wells within a 5.0 km radius.  Due to the 

magnitude of  the number of  wells, it was not possible to check them individually for specifics relating to hook up and pump types.  

Therefore, the wells immediately close to the well site were the only ones checked thoroughly. 

 

The vast majority of  the wells in the area are completed either solely within the limestone, or with a multi-aquifer completion through 

both the carbonate aquifer and the underlying sandstone aquifer.  Few wells are completed solely in the sandstone aquifer, with screens 

and aquifer isolation.  It was estimated that about 21% of  the water wells in the area are either fully completed in both aquifers, or are 

bottomed extremely close to the sandstone aquifer.  The extent of  limestone/sandstone wells in this area is significant, and they seem 

to be increasing in numbers in the last years. 
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Well Inventory (cont’d) 

 

Generally speaking, static water levels in the area are either very high, or within 10 feet of  surface.  The Park Road location is within a 

flowing well area. The well inventory data also provided a unique opportunity to map the flowing well area around the City of  

Steinbach. 

 

This flowing well area is shown below as Figure 23.  The area was mapped with water well data that generally showed static water levels 

within 10 feet of  surface.   

 

 
Figure 23 – Flowing well area – City of  Steinbach (data source – GWDRILL, 2014) 

 
An interesting aspect of  the area that was noted in the well inventory was the grouting conditions of  the private wells in the area.  Many 
of  the older well records do not indicate a grout type; however the modern wells are predominantly grouted in place with cement.  This 
is likely due to the high static water level that is present in the area.  Therefore it is speculated that the majority of  wells in the area are 
grouted with cement, as the high static water level/flowing conditions have been present in this area for many years. 
 

Due to the static water levels that are present, most wells appear to be mechanized with submersible type pumps, single line suction 

pumps, or two line jetmatic pumps.  The hydrographs in the area show several meters of  fluctuation from season to season, due mainly 

to seasonal and climatic effects.  It appears that many of  the wells in the area flow certain years, and not in other years.  The pumping 

systems in this area would have to deal with these water level fluctuations on a regular basis.   

 

 

Field Investigations and Testing 

 

Well Installation and Development 
 
Friesen Drillers Limited mobilized to the area in the spring/summer of  2013.  The location of  the production well field at Park Road 
was selected by the City of  Steinbach; the land was purchased many years previous.  The location was selected due to the proximity of  
electrical power, and the presence of  existing water system related infrastructures in the area. 
 
In order to confirm the aquifer conditions at the site, two 5 inch diameter, PVC cased test wells were drilled prior to the construction 
of  the final production wells.  The two test wells were named the north and south production well sites respectively.  After the drilling 
of  both test wells, short term confirmatory pumping tests were completed.  Both well locations showed substantial drawdown pumping 
100 U.S.G.P.M., but provided confirmation that production wells would be functional on the site.  Both well locations did show some 
sediment production, although this is fairly typical for open hole fractures in the Steinbach area.   
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Well Installation and Development (cont’d) 
 
In November 2013, the pre-production test wells were re-constructed into 12 inch diameter steel cased production wells.  The 5 inch 
PVC casing in both wells was removed, and the well locations were over drilled with 12 inch diameter steel casing.  The overburden 
stratigraphy at the site typically consisted of  about 20 feet of  clay, underlain by glacial till to a depth of  approximately 40 feet below 
grade.  Additional layers of  clay and till were present to a depth of  approximately 90 feet below grade, where the carbonate bedrock 
was encountered.  Casing was seated in the north well at 92 feet below grade, and in the south well at 96 feet below grade.  During the 
installation of  the welded steel casing, the upper 40 feet of  casing was equipped with carbide cutters on the casing outside, which 
created an annulus of  about 3 to 4 inches in diameter outside the 12 inch casing.  When the casing was seated, cementaceous grout was 
then placed via tremie line at the base of  the cutters on the outside of  the casing.  This created an effective seal against the flowing 
conditions that are present in the area.   
 
Once the casing was seated in both wells, the bedrock was drilled open hole using an 11 inch diameter bit, to a depth of  222 feet below 
grade.  Large fracturing was noted at a depth of  approximately 170 feet below grade.  After a significant developing effort in both wells, 
relatively sand free water was produced.  The fractures in both boreholes appeared to be infilled with shale material, which is extremely 
uncommon for the area.  Further microscopic analysis revealed that the material was predominantly shale, and was likely formed during 
ponding in the area that was subsequently buried by further deposition (Vanjecek, 2014).  Additional developing appeared to remove 
the majority of  the sediment from the boreholes, although sediment traps and collection should still be included in the final design and 
mechanization.  
 
Both wells were sealed with temporary well seals, as the static water level was noted to be approximately 5 feet above surface. 
 
Complete geologic and borehole construction logs for the production wells are attached as Appendix F.  The specific well details are 
presented below in Table 2. 
 

Table 2 
Production Well Specific Details 

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 

Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

Well Latitude Longitude Casing 

Diameter 

Casing 

Depth 

Total  

Depth 

Grout  

Type 

Grout 

North N 49.54501º W 96.70939º 12 inch Steel 92 feet 222 feet Cement 0-35 feet 

South N 49.54380º W 96.70776º 12 inch Steel 96 feet 223 feet Cement 0-35 feet 

Table 2 – Well specific details - Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 
 
 
Aquifer Monitoring, Climatic Monitoring and Geodetic Surveying 
 
In order to determine how the aquifer will respond to pumping, an extensive network of  observation wells was planned for testing 
during this investigation.   
 
Three observation wells were drilled during this investigation to add to the monitoring network.  The first monitoring well was located 
within the Park Road well field site, with the remaining two wells located to the west, near the City of  Steinbach lagoon site 
(approximately ½ mile from each well site).  These wells will be maintained for long term observation of  the carbonate aquifer 
fluctuations during the proposed operations of  the well field. 
 
Due to the suspected influences of  the Winnipeg Formation sandstone aquifer, the observation wells were planned as nested 
monitoring wells, which would allow independent monitoring of  both the carbonate aquifer and sandstone aquifer within the same well.  
The wells were constructed by drilling and installing a 5 inch diameter PVC casing into a three tier step down socket constructed into 
the carbonate bedrock.  The 5 inch casing was then cemented in place.  The complete section of  carbonate bedrock was then drilled 
open hole, with an additional 20 to 40 feet of  drilling into the Winnipeg Formation sandstone aquifer.  A 2 inch diameter PVC liner was 
then installed into the well, with three shale traps at the base installed through the shale.  Slotted pipe was placed below the shale traps.  
Sand and bentonite were also placed on top of  the shale traps to act as an additional seal.   
 
Following the well construction, each section of  the borehole was developed with compressed air for several hours.  After the 
completion of  the developing, static water levels in both sections of  the well showed a head difference between the two formations. 
 
Logs for the constructed observation wells are contained in Appendix G, attached. 
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Aquifer Monitoring, Climatic Monitoring, and Geodetic Surveying (cont’d) 
 
The monitoring plan for this project was consisted of  25 observation wells (plus the pumping well) completed into the carbonate, 
sandstone, and overburden sand and gravel wells surrounding the Park Road site.  The locations are shown below as Figure 24.  The 
near well observation wells are shown below as Figure 25. 
 

 
Figure 24 – Monitoring well locations - Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba  

(source – GoogleEarth, 2015) 
 

 
Figure 25 – Near monitoring well locations - Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba  

(source – GoogleEarth, 2015) 
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Aquifer Monitoring, Climatic Monitoring, and Geodetic Surveying (cont’d) 
 
Solinst M30/F100 automatic, data recording pressure transducers were installed in many of  the selected observation wells.  Other 
stations employed both manual and Stevens™ Type F paper hydrograph recorders and Telelog™ data recording transducers.  The 
transducers used were the non-vented type, which require barometric pressure correction.  A barometric pressure logger was deployed 
to the site for use in data correction.  The transducers were set to record data on ten minute intervals, and were installed about three 
weeks before the pumping/recovery test.  The majority of  the instruments were removed about three weeks after the test, with several 
longer term stations being left in place for an additional month.   
 
The following stations were utilized, as shown below in Table 3. 
 

Table 3 
Monitoring Well Specific Details 

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 
Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

Monitoring Well Name Aquifer/Radial Distance Monitoring Well Name Aquifer/Radial Distance 

South Production Well Carbonate/0 feet James House OBS Carbonate/~6,575 feet 

New Well Field OBS Carbonate/~230 feet James House OBS Sandstone/~6,575 feet 

New Well Field OBS Sandstone/~230 feet Lagoon North OBS Carbonate/~10,675 feet 

North Production Well Carbonate/~575 feet Lagoon North OBS Sandstone/~10,675 feet 

G05OE031 Carbonate/~1,430 feet Granny’s OBS Carbonate/~21,575 feet 

Lift Station OBS Carbonate/~1,575 feet Granny’s OBS Sandstone/~21,575 feet 

Lift Station OBS Sandstone/~1,575 feet G05OE042 Carbonate/~23,535 feet 

Hangar OBS Carbonate/~6,600 feet G05OE046 Sandstone/~23,535 feet 

Hangar OBS Sand and Gravel/~6,600 feet Old Well Field OBS Carbonate/~10,785 feet 

Shop Well OBS Carbonate/~7,785 feet Old Well Field OBS Sandstone/~10,785 feet 

Mitchell School OBS Carbonate/~11,990 feet G05OE030 Carbonate/~11,650 feet 

Lagoon South OBS Carbonate/~7,530 feet G05OE029 Carbonate/~15,675 feet 

Lagoon South OBS Sandstone/~7,530 feet G05OE032 Carbonate/~21,955 feet 

Table 3 – Monitoring well specific details - Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 
 
The corrected transducer plots and water levels measured in each observation well are attached as Appendix H. 
 
In order to determine the exact location and elevation of  the observation well network, the City of  Steinbach arranged for a geodetic 
surveying crew to attend the site.  Each observation well location was surveyed with a geodetic GPS total station.   
 
The survey data is also contained in Appendix I. 
 
 
Pumping/Recovery Test, Geochemical, and Environmental Isotope Sampling 
 

In order to obtain aquifer parameters and to determine how the proposed Park Road well field responds to pumping, a 72 hour 

pumping test was planned for the site.  The testing duration was stated in the scope of  work and approved by MCWS – Groundwater 

Licensing Section.  Recovery was to be monitored to at least 90% of  the static water level.   

 

A 25 hp Berkeley submersible pump and motor was installed in the South Well at a depth of  100 feet below grade.  Power was supplied 

by an on-site portable generator.  During the installation and set up, the pump and motor were tested briefly for one hour to determine 

the well yield.  This allowed the discharge valve to be set.  This was undertaken approximately one week before the testing. The 

pumping test commenced on February 3, 2014.  The actual pumping test was conducted until hour 60, when the electrical generator 

shut down due to an engine fault.  The recovery started immediately, and continued as shown in the pumping test data plots contained 

in Appendix J.  It should be noted that at the time of  the pumping test, ground frost was present, along with ample snow coverage.  The 

cold conditions made well monitoring challenging due to the flow conditions.   

 

The flow rate was maintained by using a 4 inch by 6 inch orifice meter.  The flow meter was checked every half  hour.  Water levels were 

monitored using a Powers M-scope well sounder in the pumping well.  The flow from the meter was pumped and piped over land and 

deposited on the site.   
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Pumping/Recovery Test, Geochemical, and Environmental Isotope Sampling (cont’d) 
 
The pumping test set up for the site is shown below as Figure 26. 
 

 
Figure 26 – The South Production well and discharge hose heading southwards off  the site. 

 
During the 60 hour pumping test on the south well, field measurements of  basic water quality parameters were collected.  The field 
instruments were calibrated prior to the test.  Field measurements were taken to show the water quality results prior to the release of  
CO2 from the sample, which can affect the results over short periods of  time.  The summary of  water quality testing results is shown 
on Table 4.  In addition, groundwater samples were collected from the pumping discharge in laboratory supplied analytical sample 
bottles every 24 hours.  The samples were submitted to ALS Laboratories for routine water quality parameters and metals scan analysis.  
The results will be discussed in the data analysis section.  In addition to the routine geochemical analysis, two environmental isotope 
samples were collected for the analysis of  Oxygen18 and Deuterium isotopes.     
 

Table 4 
Field Water Quality Measurements – South Production Well - 60 Hour Pumping Test 

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 
Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

Pumping Time Electrical Conductivity Field Turbidity pH 

12 hours 389 umhos/cm 3.62 NTU 8.2  

24 hours 373 umhos/cm 3.10 NTU 8.0 

36 hours 419 umhos/cm 4.17 NTU 8.3 

48 hours 391 umhos/cm 3.15 NTU 7.9 

60 hours  356 umhos/cm 3.52 NTU 8.2 

Table 4 – Field parameters – South Production Well pumping test – Proposed Park Road Municipal Supply Well Field - City of  
Steinbach – Manitoba 

 
The following water levels and pumping rates, shown in Table 5, were recorded during the pumping test from the South Production 
supply well. 
 

Table 5 
Pumping Test Specific Details 

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 

Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

Well Pumping 

Time 

Latitude Longitude Casing 

Depth 

Total  

Depth 

Static Water 

Level 

Pumping 

Water Level 

Pumping 

Rate 

South Well 60 hour N 49.54380º W 96.70776º 96 ft. 223 ft. -1.05 ft. above 80.00 ft. 440 U.S.G.P.M. 

Table 5 – Pumping test details – South Production Well pumping test – Proposed Park Road Municipal Supply Well Field - City of  
Steinbach – Manitoba 
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Data Analysis 

 

Aquifer Testing Analysis 

 

Through a review of  the geological/hydrogeological conditions with the multiple aquifers and interconnection for the Steinbach area, it 

can easily be surmised that the aquifer analysis will be complex.  The Theis (1935) method is the most common approach for analyzing 

the results from aquifer pumping tests.  Critical assumptions integral to the method are detailed as follows: 

 

 Darcy’s law is valid   Infinitesimal diameter of  well 

 The aquifer is horizontal and constant thickness   Fully penetrating the aquifer formation 

 The aquifer is infinite in areal extent   Perfectly efficient well 

 The aquifer is bounded by impermeable strata above and below   Single pumping well 

 Uniform hydraulic conductivity   Constant pumping rate 

 Isotropic hydraulic conductivity   Constant storage properties through time 

 Head always remains above the top of  the pumped aquifer 

 There are no water level changes that are not due to the pumping. 

  The head is known everywhere prior to 

pumping. 

 

Through a review of  the assumptions, it can be seen that some of  the conditions for the analysis of  the pumping tests conducted at the 

on the Park Road well field site are invalid for the Theis (1935) approach.  The most significant departure is the notion that the aquifer 

is bounded by impermeable strata above and below.  We know this is not the case.  Further, there is significant pumping in the area 

from both the City of  Steinbach and Granny’s Poultry which is having a major effect.  To complicate matters further, the city wells are 

drawing from the carbonate aquifer, while the poultry plant is drawing from the sandstone.  There is also a high degree of  heterogeneity 

and interconnections between the aquifer systems in the Steinbach area.   

 

The Theis (1935) approach is highly idealized to the assessment of  the aquifer, and represents the state of  the art for the determination 

of  aquifer parameters.  The method has been found to be reasonably workable for aquifer engineering evaluation, all over the world, for 

nearly 80 years.  The conditions for the Steinbach analysis are complex, challenging and are clearly violating some of  the conditions of  

the Theis (1935) approach.  In this case, however, the Theis (1935) approach is not being violated severely, and the methodology 

provides for good comparisons for the other regional work conducted in the area.   

 

The data was entered into Waterloo Hydrogeologic’s AquiferTest Professional v4.20, for analysis of  aquifer parameters.  The data was 

analyzed using the Cooper-Jacob (1946), and Theis (1935) methods, although the exact same result should be expected, as the Cooper -

Jacob (1946) method is simply a straight line approximation of  the Theis (1935) method.  In order to determine the acceptability of  the 

results, a derivative analysis was used, which is also shown on the attached plot (Bourdet, et. al., 1989).  The hydraulic parameters that 

were determined are shown on the following page as Table 6.  The pumping data are attached as Appendix J. 

 

Table 6 
Aquifer Parameters – Park Road Well - 60 Hour Pumping Test 

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 

Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

 South Supply Well 

Drawdown 80.00 ft @ 440 U.S.GPM – 60 hours 

Static Water Level + 1.05 ft. from top of  casing (above top of  casing) 

Available Drawdown 96 ft. (at the time of  testing) 

Specific Capacity 5.50 U.S.GPM/ft. 

Method Transmissivity Storativity 

Theis Method1 12,000 U.S.G./day/ft. 1.00 x 10-5 

Cooper - Jacob Method2 12,000 U.S.G./day/ft. 1.00 x 10-5 

Theis Recovery Method3 12,000 U.S.G./day/ft. 1.00 x 10-5 

Notes 1 Theis (1935) method using Waterloo Hydrogeologic Limited – Aquifer Test Professional v4.20 
2 Cooper - Jacob (1946) method using Waterloo Hydrogeologic Limited – Aquifer Test Professional v4.20 
3 Theis Recovery (1935) method using Waterloo Hydrogeologic Limited – Aquifer Test Professional v4.20 

Table 6 – Aquifer Parameters – South Production Well pumping test – Proposed Park Road Municipal Supply Well Field - City of  

Steinbach – Manitoba 
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Aquifer Testing Analysis (cont’d) 

 

In general, the aquifer was determined to have an approximate transmissivity of  about 12,000 U.S.G./ft., based on the results of  the 60 

hour single pumping well test, and the data from the nearest of  the five observation wells, as the response is not detectable in the 

remaining observation wells due to external pumping influences.  The transmissivity is quite low for the carbonate aquifer in this area, 

which will be discussed in the following sections.  The Storage Coefficient was determined to be 1.0 x 10-5, which is very typical for the 

carbonate aquifer in Manitoba.   

 

The observation well that responded to the pumping were noted to be at distances from the pumping well as follows: 
 

 South Production Well – manual readings ~ 0 ft.(carbonate)   G05OE031 – transducer ~ 1,430 ft.(carbonate) 

 New Well Field OBS – transducer ~ 230 ft.(carbonate)   Lift Station OBS – manual ~ 1,575 ft.(carbonate) 

 New Well Field OBS – transducer ~ 230 ft.(sandstone)   Lift Station OBS – manual ~ 1,575 ft.(sandstone) 

 North Production Well – manual ~ 575 ft.(carbonate)   

 

The response from the pumping wells was extremely interesting and complex.  The drawdown versus time for the pumping test is 

shown below as Figure 27. 
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Figure 27 – Drawdown vs. Time for the South Production Well.  The constant pumping rate is 440 U.S.G.P.M. 

 

Through a review of  Figure 27, the following can be noted: 

 

 The most powerful effects on the water levels in the area are the City of  Steinbach existing carbonate production wells, and the 

Granny’s Poultry completed into the Winnipeg Formation sandstone. 

 

 The carbonate aquifer responded in the following four wells: 
 

o South Production well 

 

o North Production well 
 

o Well Field OBS Well 
 

o G05OE031 
 

o Lift Station OBS Well 
 

 An interesting aspect is that the sandstone observation also showed a slight response at both observation wells closest to the site.  

The response was significant, and showed a major contribution to the aquifer during the testing.   
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Aquifer Testing Analysis (cont’d) 

 

A more detailed view of  the responding observation wells in the drawdown versus time is shown below as Figure 28. 
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Figure 28 – Drawdown vs. Time for the South Production Well.  The constant pumping rate is 440 U.S.G.P.M. 

 

During the analysis, the tcritical was assumed to be less than approximately 30 minutes for casing storage; therefore, the data previous to 

30 minutes was not used in the analysis.  There were also many fluctuations in the water levels that will be explained below.   

 

The Cooper-Jacob (1946) method was used primarily, since emphasis is not placed on early time measurements.  The aquifer is 

considered to be leaky, with significant leakage   effects from the sandstone present, along with local pumping of  both aquifers ongoing 

during the testing. It should be noted that the head in the Winnipeg Formation sandstone is higher than the overlying carbonate 

bedrock. The pumping well configuration was fully penetrating.  Based on the test holes drilled in the area and the background 

data/reports, the aquifer is not isotropic, and displays a strong spatial variability.  These conditions indicate a fundamental breech in the 

conditions of  Theis (1935).  Following standard practise, the aquifer was assumed to be Theissian. This may or may not be totally 

correct in this instance; however, as the Theis (1935) assumptions are almost never met in any real aquifer.  This methodology is used 

following the standard practise. It was assumed that skin effects for the supply well would be minimal after the developing and jetting 

procedures.   

 

The Theis (1935), Cooper – Jacob (1946), and Theis Recovery (1935) methods are shown below and on the following pages as Figure 

29, 30 and 31. 
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Figure 29 - The Theis (1935) plot for the South Production Well.  The constant pumping rate is 440 U.S.G.P.M.  It should be noted that 

the derivative was used in the analysis, although was not plotted for clarity. 
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Aquifer Testing Analysis (cont’d) 
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Figure 30 – The Cooper – Jacob (1946) plot for the South Production Well.  The constant pumping rate is 440 U.S.G.P.M.   
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Figure 31 - The Theis Recovery (1935) plot for the South Production Well.  Note the slope changes in the recovery with the sandstone 

versus the carbonate bedrock. 

 

The results from the analysis indicate that there are several positive and negative boundaries in the Cooper-Jacob (1946) analysis, which 

appear as slope changes.  Regionally, the transmissivity of  the carbonate aquifer in the Steinbach area was estimated by Bell (2009) to be 

around 75,000 U.S.G./day/ft.  The effect of  the existing well field is substantial in the carbonate bedrock.  Recently, Granny’s Poultry 

also began developing the Winnipeg Formation sandstone aquifer to obtain all their water supply.  The Winnipeg Formation 

transmissivity was estimated by Bell (2014) to be around 9,000 U.S.G/day/ft.  These major transmissive differences and the effects of  

drawdown at distance, along with changing head conditions made for an extremely interesting analysis.     

 

In order to determine the cause of  the slope changes, the slopes were noted to occur at the following time steps: 

 

 Slope #1 – Time 0 to ~ 10 minutes – Casing storage 

 

 Slope #2 – ~ 10 minutes to ~ 700 minutes – Normal Cooper-Jacob (1946) slope 
 

 Slope #3 - ~ 700 minutes to 1,000 minutes – Positive boundary with recovering conditions 
 

 Slope #4 - ~ 1,000 minutes to ~ End of  test – Changing slope of  positive and negative boundary conditions. 
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Aquifer Testing Analysis (cont’d) 

 

The distinct slopes are shown below as Figure 32. 

 
Figure 32 – Distinct Cooper-Jacob (1946) slopes for the City of  Steinbach Park Road Site 

 

Typically, slope changes in an aquifer water level drawdown analysis reveal encountering a boundary condition in the aquifer.  These 

usually take effect, and stay in effect for the duration of  the testing unless additional boundary conditions are encountered within the 

aquifer environment.  The presence of  a positive and negative boundary in an aquifer is common under certain geological conditions 

(Freeze and Cherry, 1979).  For example, if  the aquifer transmissivity changes drastically, or a positive recharge boundary occurs such as 

the presence of  a river or lake, the slope of  the Cooper-Jacob (1946) analysis will show a rise. 

 

The results from the Steinbach area are extremely interesting.  The frequent slope changes in the later part of  the test are the result of  

influence from the existing pumping wells from the City of  Steinbach.  It is clear that the new well field has a significant effect on the 

aquifer in the area, as would be expected.  The relatively rapid rate of  recovery also is evident in the testing.  It should also be noted that 

these pumping effects are a violation of  the Theis (1935) analysis for aquifer response.  In order to determine the closest aquifer 

transmissivity, the slope from t10 to t700 was deemed to be the most representative of  the true aquifer parameters in the near area around 

the Park Road supply wells.  Based on this analysis, the transmissivity was noted to be around 12,000 U.S.G.P.D./ft.  It should be noted 

that this expected to include the effects of  the sandstone leakage at the site as well, which will likely increase significantly as the 

drawdown cone develops at the site.   

 

Overall, the drawdown at distance is very not detectable and indicates that the area is very transmissive regionally.  The effects of  the 

existing City of  Steinbach well field and the Granny’s Poultry operation appear to be more prolific in the area.   

 

 

Geochemical Sampling and Results 

 
During the pumping and recovery test on the Park Road Well Field South Supply Well, a total of  five water samples were collected for 
analytical analysis.  The groundwater samples were collected in laboratory supplied sample bottles.  Upon collection, the sample was 
kept cool for delivery to the analytical laboratory.  All samples were analyzed by ALS Laboratories in Winnipeg (L1420128).  A formal 
copy of  the laboratory analytical results is attached as Appendix K. 

 
The major results are shown on the following page as Table 7.  Figure 33, also shown on the following page, depicts the trilinear plot 
comparing the on-site results with the MCWS observation wells.  Figure 34, shown on the subsequent page shows the isotopic results 
presented against the standard mean oceanic water line for the area (IAEA, 2012).   
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Geochemical Sampling and Results (cont’d) 
 

Table 7 
Groundwater Analytical Results – Park Road Well - 60 Hour Pumping Test 

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 
Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

Well Name Total 
Dissolved 

Solids 

Chloride Turbidity Conductivity Sodium Deuterium 
Dδ 

(‰ V- SMOW) 

Oxygen 18 
018δ 

(‰ V- SMOW) 

12 hours 302 mg/L 14.5 mg/L 9.60 N.T.U. 520 umhos/cm 33.7 mg/L N.A. N.A. 

24 hours 285 mg/L 14.6 mg/L 8.07 N.T.U. 524 umhos/cm 32.7 mg/L N.A. N.A. 

36 hours 292 mg/L 14.8 mg/L 9.95 N.T.U. 529 umhos/cm 34.4 mg/L -103.27 -13.82 

48 hours 286 mg/L 14.8 mg/L 11.00 N.T.U. 526 umhos/cm 32.5 mg/L -103.58 -13.83 

60 hours 286 mg/L 15.0 mg/L 20.6 N.T.U. 525 umhos/cm 31.8 mg/L -103.52 -13.69 

Table 7 – Groundwater analytical results (source - ALS L1420128) 
 

 
Figure 33 – Trilinear plot comparing MCWS hydrograph stations and the South Well analytical results. (source - ALS L1420128) 
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Geochemical Sampling and Results (cont’d) 
 

 
Figure 34 – South well plotted against the local Meteoric Water Line (IAEA, 2012) 

 
The results in general compare very well with the regional water quality in the area.  The groundwater is a 
Calcium/Magnesium/Bicarbonate/Sulphate type, which is expected for the area.  The groundwater is very hard, and about 1.2 mg/L 
dissolved iron.  The sampled groundwater is quite typical for the area in terms of  the six major ions, and the results were expected. 
 
During the test, the field turbidity remained consistent while the laboratory turbidity showed an increase.  A slight amount of  shale 
fragments and sediment was noted in sampling containers during the pumping test.  This condition was also noted during the well 
developing.  The sediment was not evident during the test well drilling, and the preliminary pumping tests at lower flow rates (less than 
100 U.S.G.P.M.).  The sediment was determined through borehole camera inspections to be originating from the main producing 
fracture in both production wells.  Sediment infilling in carbonate bedrock fractures in the Steinbach area is extremely rare, and Friesen 
Drillers collected samples for analysis. 
 
Due to the rarity of  fracture in filling in the Red River Formation, Friesen Drillers submitted the sample to the University of  Manitoba 
Geological Sciences Department for analysis.  The results are contained in Appendix L.  The results concluded that the origin of  the 
sediment was difficult to determine, although it was able to be shown that the sample originated from the Red River Formation, and 
was most likely a sediment pool/depositional feature in this particular location.  
 
The City of  Steinbach should prepare the treatment system to deal with the sediment detailed in the attached report.  It is likely that 
this problem will diminish through use of  the well.  The water quality should be closely monitored.  The presence of  the sediment was 
determined to be a geological issue, and is not coming from the casing seat or any other location in the well construction. 
 
The water sample collected from the south well matches well with the regional results for the SMOW in the area.  The deuterium level 
is -103.50 ‰, with an 18O level of  about -13.75 ‰.  This, as expected, indicates recent meteoric groundwater.  When these values were 
plotted in comparison to the Meteoric Water line for Gimli (IAEA, 2012), the results were noted to plot on the meteoric water line 
(shown above as Figure 34).  This suggests that the groundwater has not undergone significant alteration since it fell as precipitation.   
 
 
 
 



 – 34 –   

Discussions 

 

Long Term Hydrograph Response 

 

The City of  Steinbach is located in a highly transmissive area of  the carbonate bedrock aquifer.  Through reviewing all of  the regional 

hydrograph data, the following comments can be made: 

 

 With two leaky aquifers present under the site, the Steinbach area aquifer hydraulics is complex.  Further, the two major existing 

users (The City of  Steinbach and Granny’s Poultry in Blumenort) have created a regional drawdown cone around the city.  This is 

shown below as Figure 35. 

 

 
Figure 35 – Potentiometric surface around the City of  Steinbach (data source - MCWS, 2014) 

 

 The drawdown cone around the area is widespread, and shows the effects of  seasonal and climatic variations.  Regionally, over the 

last 7 years of  extensive monitoring, there has not been any long term detectable decline in the static water levels that cannot be 

explained by seasonal and climatic changes.   

 

 The aquifer is susceptible to seasonal and climatic variations.  Water levels in the carbonate aquifer appear to decline very rapidly 

during prolonged dry periods.  The aquifer appears to be very similar to an open reservoir and pipe analogy.  When the water level 

in the reservoir falls, the potential in the pipe declines very rapidly.  This means that during prolonged dry periods, static water 

levels in the area will respond very rapidly, and decline accordingly.   

 

 During periods of  recharge, the aquifer also responds very quickly. 

 

 The hydrograph record generally reflects the effects of  seasonal and climatic change, with no long term progressive drawdown, 

that cannot be explained through reviewing the precipitation records for the area.  The record is relatively short and additional 

monitoring in the Steinbach area is needed.  The hydrograph of  G05OE031 and the total annual precipitation for the period is 

shown on the following page as Figure 36.  A developing drawdown cone is present, although the local hydrograph network 

indicates that there is no long term progressive drawdown present in the area. 
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Long Term Hydrograph Response (cont’d) 

 

 
Figure 36 – G05OE031 vs. Total Annual Precipitation (1994 – present) – (source – MCWS, 2014 and Environment Canada, 2015) 

 
 

Prediction of  Long Term Regional Effects 

 
In order to conservatively determine the long term effects of  operating the Park Road well field at higher than the proposed pumping 
rate, the drawdown was calculated at a distance using the Theis equation at an average pumping rate of  500 U.S.G.P.M., after one year 
of  operation for the site.  The 500 U.S.G.P.M is greater than the requested allocation of  806.50 acre feet per year (994.81 dam3/year).  
This allows for about 720,000 U.S. Gallons per day to be produced from the well field.  These drawdowns follow all the assumptions of  
the Theis method.   
 
For the purposes of  the calculations, the following aquifer parameters were assumed: 
 
 Within 2,000 feet radial distance from the production well – Transmissivity ~ 12,000 U.S.G.P.D./ft. with a storage of  1.00 x 10-5 

 

 Beyond 2,000 feet radial distance from the production well - Transmissivity ~ 75,000 U.S.G.P.D./ft. with a storage of  1.00 x 10-5 

 
 
Under a transmissivity of  12,000 U.S.G.P.D./ft drawdown at a radial distance of  2 miles from the production well field was calculated to 
be approximately 25 feet after pumping one year continuously at a rate of  500 U.S.G.P.M.. However a review of  the potentiometric 
surface of  the Carbonate Aquifer does not show any “pinching” together of  the contour lines in the vicinity of  the new wells. 
Therefore it is felt that the low transmissivity associated with the new wells is localized.  In order to provide a conservative drawdown 
estimation, the local aquifer transmissivity was assumed to be uniform, outside the immediate vicinity of  the new well field, across the 
regional area at 75,000 U.S.GPD/ft, with an assumed storage coefficient of  1.0 x 10-5.  Due to the aquifer parameters in the area, the 
drawdown cone development is expected to be complex.  With the Park Road well field situated in a lower transmissive area, the actual 
drawdown cone is expected to be deep, within a 2,000 foot radius of  the supply well.  Beyond this distance, there are much higher 
transmissive conditions in the bedrock, with considerable leakage from the sandstone.  It is also anticipated that as the Park Road well 
site develops, the created drawdown cone will cause additional interaction with the underlying sandstone aquifer, with considerable 
leakage occurring.   The results are shown on the following page as Table 8. 
 
The area is well populated, and to a large extent, the aquifer is well utilized by private residences.  To the author’s knowledge, a 
sustainable yield for the aquifer in this area has not been determined.  In reviewing the local static water levels within a 2,000 foot radius 
of  the well field, it can be assumed that some of  the nearest private wells to the well field will not be capable of  managing 25 feet or 
more of  drawdown.  The City of  Steinbach may need to deepen these pump settings at the private residences as the well field comes on 
line.  Long term performance monitoring of  the drawdown cone will be critical in the area.    
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Prediction of  Long Term Regional Effects (cont’d) 
 
It should be noted that the estimated drawdown is without taking into account natural gradients and the effects of  other unknown 
pumping wells that may be present. 
 

Table 8 
Drawdown Estimation at Distance after One Year of  Pumping at 500 U.S.G.P.M.  

Municipal Groundwater Well Field Investigation 

NW ¼ 3 – 7- 6 EPM 
Proposed Park Road Municipal Supply Well Field - City of  Steinbach – Manitoba 

All calculations following the Theis (1935) equation and assumptions 

Distance 

Well 150 feet 300 feet 600 feet 900 feet 1.0 miles 2.0 miles 3.0 miles 

91.00 feet 67.00 feet 63.00 feet 60.00 feet 29.18 feet 7.86 feet 6.80 feet 6.18 feet 

Table 5 – Expected drawdown resulting from 500 U.S.G.P.M. after one year of  operation at the proposed Park Road Well Field site.  It 

should be noted that this assumes both wells operating at 250 U.S.G.P.M. 

* Transmissivity at 900 ft.  ~ 12,000 U.S.G.P.D./ft. 

* Transmissivity at  >=1 mile  ~ 75,000 U.S.G.P.D./ft. 

 

It is not expected that the community of  Mitchell private water wells will experience more than 5 feet of  drawdown in this area due to 

the suspected high transmissive conditions that are present. Additional monitoring in this area is required for the future operation of  

the Park Road well field.   

 

The area is well populated and to a large extent, the aquifer is well utilized. To the author’s knowledge, a detailed sustainable yield for 

the aquifer in this area in this area has not been determined. However, Bell (2013) on page 23 of  the Landmark Report provides the 

following assessment of  the amount of  recharge for this area.  

 
“As discussed above the Sandilands area lying up gradient east of  the Landmark site is a recharge area for the bedrock aquifer system 
lying to the west.  This recharge area covers approximately 400 square miles.  The following is an attempt to determine the long term 
average groundwater sustainability for this area.   
 
The only area known to the author where the aquifer recharge has been determined in Manitoba is the Upper Pine Creek Basin of  the 
Assiniboine Delta Aquifer (Render, 1986).  Render determined that the average precipitation for the area during the time of  evaluation 
was 482.82 mm (17.04 in).  Render calculated that the average annual groundwater discharge from the basin over 17 years was 34.29 mm 
(1.35 in).  This value was considered the sustainable yield of  the aquifer in that area.  Due to the importance of  the determination for 
agricultural activities over the Assiniboine Delta Aquifer this work was reviewed by a committee chaired by R.N. Farvolden from the 
University of  Waterloo. 
 
While the Sandilands area is not a perfect replica of  the Upper Pine Creek Basin, there are quite a few similarities.  The author considered 
that if  the Upper Pine Creek recharge value was adjusted for the current climatic precipitation average in the Sandilands area it would 
produce a reasonable estimate of  the Sandilands sustainability.  The current climatic average for precipitation provided by Environment 
Canada (2012) from 1981 to 2010 shows an average annual value of  precipitation of  575 mm (22.64 in) for the Sandilands area.  This 
value was used to adjust the Upper Pine Creek recharge rate to an approximate rate for the Sandilands area. 
  
If  this value is used for the long term average annual recharge, then the 400 square miles of  the Sandilands would produce 1,666,814,197 
cubic feet (47,198,921 cubic meters) of  water per annum. This amount of  water is considerably above the amount of  water flowing 
westward through the carbonate and Winnipeg Sandstone aquifers.  Which, from the view point of  those aquifers, means that if  there is a 
decline in water level in the carbonate aquifer due to an addition in withdrawals, the recharge area can likely supply the requested 
allocation.” 
 

The area is well populated, and to a large extent, the aquifers in the area are well utilized by agriculture, industry and private residences. 

The approximate sustainable yield for the recharge area up stream of  the Blumenort – Steinbach area is in the order of  47,200,000 cubic 

meters per annum in a long term average basis; see above.  The same document includes an estimate groundwater usage of  12,000,000 

cubic meters per annum. There is estimated to be a flow of  some 20 million cubic meters moving westerly through the bedrock aquifers. 

While there numbers by the nature of  their derivation have to be approximations; they do indicate that there is substantially more 

groundwater in the system on an annual basis than is being used.   A further indication of  the fact that recharge exceeds usage is the 

continuance of  many flowing wells in the area; some of  which still exist in areas of  considerable development.  From this analysis, it is 

not possible to determine if  the extensive, but shallow, drawdown cone that has developed around the Steinbach-Blumenort area has                                                 
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Prediction of  Long Term Regional Effects (cont’d) 
 
reached a stage of  equilibrium. Johnston and Charron have both assessed the area as being under artesian conditions (Johnston, 1934 
and Charron, 1969). Due to the fact that flowing wells continue to exist suggests the system is at or close to equilibrium. In reviewing 
the local static water levels, it can be assumed that most private well systems in the area have taken current conditions as static for the 
area. 
 
 

Well Field Development Plan 

 

Due to the changing transmissive conditions in the carbonate bedrock aquifer and the leaky conditions with the Winnipeg Formation 

sandstone aquifer, water supply development will be extremely interesting.  The vastly different transmissive conditions will likely result 

in a very narrow drawdown cone that will intersect with the regional drawdown cone.  In addition, the sandstone aquifer is also likely 

expected to start leaking further into the carbonate aquifer, reducing the extent of  drawdown in the carbonate aquifer. 

 

As a result of  the challenging conditions in the aquifers underlying the site, the following development plan is suggested for the 

proposed Park Road municipal well field: 

 

 First five years of  development – Well field limited to 403.25 acre feet/year (497.4 dam3/year) – With annual reporting and 

monitoring, along with the completion of  a numerical groundwater model within three years. 

 

 Five to ten years of  development – Well field limited to 604.88 acre feet/year (746.1 dam3/year) – Assuming monitoring is showing 

acceptable drawdown cone development conditions with annual reporting. 
 

 Ten years and beyond – Well field limited to of  806.50 acre feet per year (994.81 dam3/year), with annual monitoring. 
 

Additional monitoring is needed to the west near the community of  Mitchell to monitor how the drawdown cone develops in this area.  

The existing monitoring wells installed during this investigation should be maintained for long term monitoring purposes in these areas.  

There is a lack of  MCWS wells in the area to accurately map the drawdown cone around the City of  Steinbach.   

 

 

Integrated Water Supply and Watershed Planning Study 
 
A water supply investigation and development of  this size requires careful planning and assessment.  Although it is assumed that 
groundwater supplies are the best option, an integrated water supply and watershed planning study is an important tool in the evaluation 
process. 
 
An integrated planning study for water supply would identify future and prospective water supply sources, and the relative availability.  
This would document and address items such as river supplies, allocations, and other water supply alternatives.  This is important for 
future water supply licensing and environment act licensing.   
 
An integrated water supply and watershed planning study is recommended for the area. 
 
 

Numerical Groundwater Model 
 
During this investigation, attempts were made at the construction of  a simple numerical groundwater model.  The modelling effort was 
found to be extremely challenging due to the leakage effects from the sandstone aquifer, and the calibration became extremely 
challenging and not overly successful.  It is suggested that with development of  this well field, additional operational data can be 
collected to allow for the modeling effort to proceed. 
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Conclusions and Recommendations  

 
Based on our study of  the proposed Park Road municipal water supply, we offer the following conclusions and recommendations:  
 

 The hydraulic conditions on the site are challenging, with vastly different transmissive conditions present.  The Winnipeg 
Formation sandstone aquifer is also leaky into the overlying carbonate aquifer.  The groundwater quality appears to be changing as 
a result of  the interconnections in the two aquifers.   
 

 Overall, the Park Road well field is located in an area that is generally less transmissive than regional conditions.  The pumping test 
resulted in 80 feet of  drawdown at the well after 60 hours, pumping 440 U.S.G.P.M.  These results were highly affected by the 
pumping of  the existing City wells along with Granny’s Poultry.  The drawdown cone around the site was noted to be very deep 
and did not extend very far out radially from the supply well.  Few of  the wells responded to the pumping, as the responses were 
masked by the existing pumping conditions. 

 

 The monitoring wells completed in this study should be maintained, along with the installation of  a further well closer to Mitchell.  
Multi-level wells should be used during the monitoring of  the aquifer in this area.   

 

 The city should develop an aquifer/well head protection program for all the municipal wells, and develop a contingency plan 
should the aquifer become impacted in some manner.   

 

 According to our data collection and analysis, Park Road municipal well field is capable of  providing the requested additional 
allocation of  806.50 acre feet per year (994.81 dam3/year dam per annum, under normal seasonal and climatic conditions, with an 
annual monitoring program.  Due to the complexity of  the aquifers in the area, we recommend a staged development approach.  
Some of  the private wells within 2,000 feet of  the well field may require the pumps to be re-set deeper.  The analysis indicates that 
the requested allocation will not result in a significant amount of  additional drawdown one mile from the pumping wells.   

 

 The groundwater quality in the well should be closely monitored.  This should be done weekly during the operation of  the 
floodway, and 4 times annually during the first few years of  operation.  This work should be conducted by a 
hydrogeologist/hydrogeological engineer. 

 

 In the event of  lower static water levels in the carbonate aquifer, water levels in the pumping wells should be closely monitored.   
 

 Each well should be closely monitored for well performance.  The city should continue performing a regular 
servicing/maintenance program for each well.    

 

 A numerical groundwater model should be developed within three years. 
 

 The city should undertake an annual review of  the carbonate aquifer in the area.  This work should be conducted by a 
hydrogeological engineer/hydrogeologist.  The monitoring network should be reviewed, along with the water quality sampling 
program and municipal pumping records. 

 

 The city should have a groundwater interference program designed by a hydrogeological engineer/hydrogeologist. The program 
would include the assessment of  private water wells in the area that are most likely to be affected by the new well field. Within a 
specific radius from the proposed well field, if  a private water wells develop issues during the development and operations of  the 
new well field, immediate short term water supply will be provided. A third party contractor will then conduct an investigation and 
if  the issues were proven to be caused by the proposed well field, it would be suggested that the city undertake any repairs or 
modifications in the well at their own cost. 
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Limitations 

 

The scope of  this report is limited to the matters expressly covered and is intended solely for the client to whom it is addressed.  

Friesen Drillers Limited makes no warranties, expressed or implied, including without limitation, as to the marketability of  the site, or 

fitness to a particular use.  The assessment was conducted using standard engineering and scientific judgment, principles, and practices, 

within a practical scope and budget.  It is based partially on the observations of  the assessor during the site visit in conjunction with 

archival information obtained from a number of  sources, which is assumed to be correct.  Except as provided, Friesen Drillers Limited 

has made no independent investigations to verify the accuracy or completeness of  the information obtained from secondary sources or 

personal interviews.  Generally, the findings, conclusions, and recommendations are based on a limited amount of  data (e.g. number of  

boreholes drilled or water quality samples submitted for laboratory analysis) interpolated between sampling points and the actual 

conditions on the site may vary from that described above.  Any findings regarding the site conditions different from those described 

above upon which this report was based will consequently change Friesen Drillers Limited’s conclusions and recommendations.   

 

 

Disclaimer 

 

This Friesen Drillers Limited report has been prepared in response to the specific requests for services from the client to whom it is 

addressed.  The content of  this document is not intended to be relied upon by any person, firm, or corporation, other than the client of  

Friesen Drillers Limited, to who it is addressed.  Friesen Drillers Limited denies any liability whatsoever to other parties who may obtain 

access to this document by them, without express prior written authority of  Friesen Drillers Limited and the client who has 

commissioned this document. 
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