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Executive Summary 

This project was undertaken as a portion of the Souris River Study. The governments of Canada 

and the United States asked the IJC to undertake studies evaluating the physical processes 

occurring within the Souris River basin which are thought to have contributed to recent flooding 

events. The public expressed a high interest in the issue of agricultural drainage impacts. Thus an 

“Artificial Drainage Impacts Review” was added to International Souris River Study Board’s 

(ISRSB) Work Plan to help address their questions and provide information to the public 

regarding wetland drainage. This report summarizes the current knowledge of artificial drainage 

in the Souris River basin. The study involved a review of drainage legislation and practices in the 

basin, the artificial drainage science, the extent of artificial drainage in the basin and the potential 

influence on transboundary flows 

Artificial drainage is undertaken to make way for increased or more efficient agricultural 

production by surface or/and subsurface drainage. Surface drainage moves excess water off 

fields naturally (i.e., runoff) or by constructed channels. The purpose of using surface drainage is 

to minimize crop damage from water ponding after a precipitation event, and to control runoff 

without causing erosion. Subsurface drainage is installed to remove groundwater from the root 

zone or from low-lying wet areas. Subsurface drainage is typically done through the use of 

buried pipe drains (e.g., tile drainage). The purpose is to lower the water table in order to 

increase the productivity of the drained land.  

The review of the drainage legislation and practices examined how the three jurisdictions 

regulate surface and subsurface drainage. Manitoba and Saskatchewan have similar processes 

(based on the Northwest Irrigation Act 1894). North Dakota relies more on local agencies (water 

resource district/boards) and has separate processes for surface and subsurface drainage. 

Downstream impacts and landowner(s) approval to accept increased runoff from drainage are 

considered by all the jurisdictions. 

The science review provides an overview of the current understanding of the impact that 

artificial surface and subsurface drainage has on hydrology and water quality. The review found 

that surface and subsurface drainage may have the following impacts: 

Surface Drainage: 

 Artificial surface drainage increases the contributing drainage area which results in 

increased seasonal and annual water yields. However, the percentage increase in 

contributing drainage area decreases with the severity of the flood event. 

 Artificial drainage has the greatest impact on the more frequent flood events. 

 In extreme flood events, such as in 2011, artificial drainage has an insignificant impact on 

the peak flow. 

 Annual nutrient load from wetland drainage is a function of flow. The increase in the 

effective drainage area from drainage will result in increased nutrients loads.   

 Nutrient export will increase consistently with the proportion of sub-watershed’s wetland 

cover lost to drainage. 

 Drained prairie wetlands are potentially a high risk for phosphorus export and should be 

treated as important critical source areas within prairie watersheds. 
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Subsurface Drainage: 

 Artificial subsurface drainage causes a potential minor increase in water yield. 

 In clay soils peak flows tend to be decreased, whereas, in sandy soils peak flows tend to 

be increased. 

 For small or moderate precipitation events, subsurface drainage may help reduce 

downstream peak flows. 

 For large or extended precipitation events when the infiltration ability of the soil is 

exceeded, subsurface drainage has minimal impact on downstream flow and flooding. 

 Generally, subsurface drainage decreases the amount of surface runoff sequestering, 

reducing the loss of substances generally transported by overland flow, potentially 

reducing sediment losses and phosphorus losses.  

 The main water quality concern about subsurface drainage is the increased loss of 

nitrates and other soluble constituents that can move through soil.  

 Subsurface drainage may reduce surface runoff pollutants, but may increase 

dissolved nutrients such as nitrate. Subsurface drainage is a highly visible water 

pathway that transports nitrate from the landscape to surface waters.  Subsurface 

drainage may either decrease particulate losses due to decreased surface runoff or 

may increase total phosphorus loads due to increased total flow. 

There are other factors besides artificial drainage affecting flows; land use change, climate 

change, land management that need to be considered too. The impact of drainage on flows is not 

easily determined by studying changes in flows without removing the effects of other factors, 

which is all but impossible from a practical sense. 

The concept of the change in the effective drainage based on wetland inventory data was 

examined to quantify drainage changes in the Souris River basin. The effective drainage area is 

the area that is expected to contribute runoff in a year of average runoff. It excludes marsh and 

slough areas and other natural storage areas. Wetland inventory data was available for 94% of 

the basin from the National Wetland Inventory (NWI) in the USA and Canadian Wetland 

Inventory (CWI) in Canada. However, significant limitations existed in quantifying current 

drainage due to the date of imagery used to complete the inventories, 1983 in USA and 2006 to 

2018 in Canada. There are some inconsistent attributes between the NWI and CWI data. 

Analysis based on available information indicates the effective drainage area may have increased 

by about 26% across the basin. The key limitations preventing quantification of change in 

effective drainage area is the time of imagery and incomplete basin cover.  

The influence of artificial drainage on transboundary flows was based on a sensitivity analysis 

using the “Contributing Drainage Area Method” developed for Saskatchewan watersheds in the 

1980s.The method assumes the change in the median flow is proportional to the change in 

effective drainage area and in an extreme flood (e.g. 500-year event), the contributing area 

becomes coincident with the gross drainage area. The changes to various other events can be 

interpolated between a median and 500-year event. With uncertainty in the change in effective 

drainage area, a sensitivity analysis was used to estimate potential changes in flows. The 

sensitivity analysis indicates wetland drainage likely results in a significant over approximation 

of the natural flow for the Souris River at Sherwood. For instance, for a 25% increase in the 
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effective drainage area, artificial drainage has the potential to increase the median annual flow by 

25%. Artificial drainage will result in the 1 in 10 year flood volume in the Agreement occurring 

more frequently due to the increased runoff volume from artificial drainage. For a 25% increase 

in the effective drainage, the 1 in 10 year flood volume could potentially be increased by about 

10%. The water quality of the Souris River is expected to deteriorate from the increased nutrient 

loading from increased wetland drainage flows. Under low flows conditions, wetland drainage 

could potentially increase runoff volumes by 25%. 

Based on the available information and its analysis, the following overall study conclusions were 

reached: 

1) Artificial drainage is regulated in the three jurisdictions encompassing the Souris River 

basin: North Dakota, Manitoba and Saskatchewan. Each jurisdictions’ legislation covers 

both surface and subsurface drainage. In North Dakota drainage permitting is 

administered by watershed management boards/districts, whereas, in Manitoba and 

Saskatchewan drainage is a provincial responsibility. The regulations in the three 

jurisdictions are based on similar principles. Downstream impacts and landowner(s) 

approval to accept increased runoff from drainage are considered by all the jurisdictions.  

2) Surface drainage is the prevalent type of artificial drainage in the Souris River basin. 

Although subsurface drainage is occurring in localized areas, it is not significant enough 

to be a basin wide issue yet. Both surface and subsurface drainage have the potential to 

increase flooding and degrade ecosystems. The quantification of wetland drainage 

impacts was for surface drainage. 

3) Drainage projects are licensed individually. The primary focus is to minimize the 

potential for negative impacts on upstream or downstream landowners in the immediate 

area, or on the environment. It is felt that if local impacts are mitigated, they tend not to 

be transmitted further down or up the system. However, there are gaps in watershed 

based planning and the technical challenges inherent in assessing cumulative impacts.  

4) An issue in quantifying artificial drainage in the Prairie Pothole Region is the dramatic 

hydrologic alteration of these landscapes by drainage and the contributing drainage.  

There are significant areas of wetland drainage occurring in the Souris River basin that is 

impacting the hydrographic network and the non-contributing drainage area. It is 

happening in all three jurisdictions. The science allows for the quantification of the extent 

that artificial drainage is occurring. For the Souris River basin, it was not possible 

because of the lack of credible data. The existing wetland inventory data is incomplete 

and based on varying imagery dates. 

5) Wetland drainage is potentially deteriorating the basin’s water quality. The precise 

quantification of the impact is not possible because of other causes such as changing land 

management practices. Sequestration of nutrients in Rafferty and Grant Devine 

Reservoirs is potentially reducing the nutrient load from the upstream watersheds 

mitigating some of the impacts of wetland drainage in the upper portions on the basin. 

6) Wetland drainage may result in a significant over-approximation of the natural flow for 

the Souris River at Sherwood in normal years. 

7) Wetland drainage has the greatest impact on normal to moderate runoff events. During 

extreme floods such as the 2011 Souris River flood wetland drainage has a minor to 
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insignificant impact as wetlands are filling and spilling.  For the 1 in 10 year flood, that 

flood control of the Souris River Project (Rafferty, Grant Devine, Boundary and Lake 

Darling reservoirs) is based on, the occurrence of this flood could be increased.  

8) Climate change and land management practices including wetland drainage, construction 

of the transportation network, changes in agricultural land management practices such as 

conservation tiling, brush clearing and cultivation of grasslands have all contributed 

changed runoff and water quality in the Souris River basin. With climate change more 

extreme and intense precipitation events appear to be occurring along with more multi-

day rainfall events. This has resulted in increased summer runoff. Separating the 

individual impacts is extremely difficult based on the current science.  However, the 

natural variability of floods and droughts is still expected to continue. 

To assist the Study Board on the issue of artificial drainage the author recommends the 

following: 

1) The jurisdictions’ regulation of artificial drainage and its impacts should be included as 

an agenda item at the International Souris River Board Public Meetings about once every 

five years. This would provide an opportunity to update the public on changes to the 

regulatory requirements of the various jurisdictions. 

2) The issue of subsurface drainage should be revisited in five years as there appears to be 

trend towards increased subsurface drainage in the basin.  

3) There is a need for future research into developing tools to assess cumulative 

environmental impacts of artificial drainage. 

4) The quantitation of the extent of drainage would require either:  

a. Redoing the Ducks Unlimited Canada analysis to generate drainage density 

surfaces from up-to-date wetland inventory data. This would require a 

wetland inventory based on air photos for a common time period and 

featuring the agricultural drainage features for the entire basin. This is the 

least costly option compared to the second option below. 

b. LiDAR data for entire the Souris River basin to identify natural and drained 

flow networks and the identification of spill thresholds for each depressional 

basin to estimate loss of wetland storage volumes from ditching. 

5) Water quality trends analysis should be updated at the International gauging stations on 

Souris River at Sherwood and Westhope. 

6) A nutrient sequestration study of the Souris Basin Project reservoirs should be undertaken 

to understand their impact on nutrient loading along the Souris River. 

7) Continue with the current natural flow calculation procedure.  All jurisdictions are 

potentially benefitting from the additional volume under the current procedure. 

8) When the 1989 Canada-United States Agreement for Water Supply and Flood Control is 

up for renewal the Souris River Project operating plan should include the flexibility to 

account for the potential increase in runoff from artificial drainage over time. 

9) There is a need for more testing and development of the hydrologic models such as the 

Prairie Hydrologic Model to help understand the hydrologic impact of the land use and 
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climate change on the prairie pothole region. The status of this science should be revisited 

in five years.  
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1 Introduction 

1.1 Background  

This project was undertaken as a portion of the Souris River Study. In areas of the basin, the 

public expressed a high interest in the issue of agricultural drainage impacts. The impact of 

agricultural drainage was not explicitly identified in the 2013 Souris River Plan of Study. 

However, the Plan of Study did identify work related to change in contributing drainage area 

from drainage as part of the hydrology and hydraulic work. As well, the reference issues to the 

IJC by the governments of Canada and the United States asked the IJC to undertake studies 

evaluating the physical processes occurring within the Souris River basin which are thought to 

have contributed to recent flooding events. Thus an “Artificial Drainage Impacts Review” was 

added to International Souris River Study Board’s (ISRSB) Work Plan to help address their 

questions and provide information to the public regarding wetland drainage. 

The work involves summarizing current knowledge of artificial drainage in the Souris River 

basin (SRB). A review of the existing literature will help address questions regarding wetland 

drainage and provide information to the public. There are diverse opinions on the effect that 

wetland drainage has. During extreme floods, some contend that drainage of marshes, sloughs 

and potholes has increased the severity of flooding, while others contend it has little impact. 

Draining wetlands has the effect of sending nutrients, sediments and other pollutants 

downstream, along with the additional water flow which has the potential to increase flow and 

degrade ecosystems. The extent to which drainage is occurring and the resulting impact on 

international flows are questions that that are relevant to the activities of the ISRSB. 

1.2 Issue 

Wetlands are often drained to make way for increased or more efficient agricultural production. 

This drainage is sometimes focused on smaller, seasonally and temporarily flooded wetlands that 

result in the consolidation of surface water into fewer, more‐permanent wetlands that likely 

become larger and deeper with more drainage or contribute to the natural drainage network.  

In this study both surface and subsurface (tile) drainage were examined as both have different 

effects on the hydrology and water quality.  In general, surface drainage is conducted on heavier-

textured soils and tile drainage, along with surface drainage, is used on lighter-textured soils.  

Surface Drainage: Surface drainage moves excess water off fields naturally (i.e., runoff) or by 

constructed channels. The purpose of using surface drainage is to minimize crop damage from 

water ponding after a precipitation event, and to control runoff without causing erosion. 

Shortcomings of surface drainage include: erosion and filling in of ditches (which requires 

ongoing maintenance), increased risk of salinization in areas affected by artesian pressure, and 

potential water quality impacts because water is not filtered through soil.  

Subsurface (Tile) Drainage:  Subsurface drainage is installed to remove groundwater from the 

root zone or from low-lying wet areas. Subsurface drainage is typically done through the use of 

buried pipe drains (e.g., tile drainage). The purpose is to lower the water table in order to 
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increase the productivity of the drained land. Water tables that are close to the surface in the 

spring restrict seeding operations and impede crop growth and development. Rising water tables 

during the growing season can damage actively growing crops, resulting in yield losses. 

Capillary rise can carry salts into the root zone and contribute to soil salinity. In Manitoba, tile 

drainage has a particular fit in the wet, sandy soils used to produce high value crops. Agronomic 

benefits of tile drainage include: more rapid warming and drying of soils in the spring, which 

allows for earlier planting and consequently increases yield potential; deeper rooting by crops; 

lower soil salinity; timelier field access throughout the growing season; reduced soil compaction. 

These improved growing conditions lead to higher crop yields, reduced yield variability, better 

nutrient use efficiency and more uniform maturity. 

Drainage water can be a source of nutrients, salts, and other contaminants that can deteriorate 

water quality used for drinking water, irrigation, industrial use, recreation activities, and most 

aquatic ecosystems. 

Landowners must obtain legal jurisdictional approval before starting surface or subsurface 

drainage projects and drainage of wetlands or wet areas. The approval process will require 

technical information about the proposed drainage system and may require consent from 

downstream landowners and/or local governments. 

1.3 Study Objectives 

This study’s objective is for the International Souris River Study Board and the public to gain a 

better understanding of the impacts of artificial drainage in the basin on transboundary flow in 

the Souris River basin. This was accomplished through a review of drainage legislation, a review 

of the historical aspects and current state of drainage in the Souris River basin, a literature review 

of possible impacts to water quantity and assessment of possible transboundary influences, and 

recommendations for the International Souris River Study Board to consider for next steps.  

The report has been organized in the following Sections: 

Section 2: Review of drainage legislation and practices in the Souris River basin 

Section 3: Review of artificial drainage science 

Section 4: Quantification of the extent of drainage in the Souris River basin 

Section 5: Determine the potential influence artificial drainage has on transboundary flows 

Section 6: Study Conclusions and Recommendations  

All work was overseen by an Oversight Committee comprised of members from the 

Saskatchewan Water Security Agency (WSA), North Dakota State Water Commission 

(NDSWC), and Manitoba Sustainable Development (MSD). 
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Figure 1.1 Souris River basin map 
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2 Legislation and Practices  

2.1 Introduction 

A jurisdictional review of agricultural drainage legislation in North Dakota, Saskatchewan and 

Manitoba was undertaken to understand how artificial drainage is regulated in the Souris River 

basin. North Dakota’s drainage legislation has undergone much change over time but the basic 

approach has remained the same. Saskatchewan has recently overhauled its legislation and 

regulations, whereas, Manitoba is currently proposing changes to its legislation and regulations 

identified in its recent provincial Surface Water Management Strategy. Manitoba is proposing a 

“no net loss” of wetland benefits. Manitoba is also proposing a new streamlined approval process 

for lower risk-lower impact drainage and the protection of more permanent classes of wetlands. 

Each jurisdiction’s policy, tools and methods for regulatory drainage oversight were examined. 

The following areas of licensing/permit regulations are discussed: project exemptions, 

assessment process, permit conditions, downstream approvals, treatment of historical unlicensed 

drainage, drainage compliance, and the role of the local governments. The three jurisdictions’ 

agricultural drainage legislation were then compared to identify significant differences. 

In the report, the terms “permit” (used by North Dakota) and “licence” (used by Saskatchewan and 

Manitoba) are used in the same context. 

2.2 North Dakota  

This section is based on information provided by the North Dakota State Water Commission 

(NDSWC) (Erbele G., 2017).  North Dakota drainage law has existed since 1883. It has 

undergone much legislative change over time but, the basic approach remains the same. 

Significant changes came in 1957, when a permitting requirement for the drainage of a pond, 

slough, or lake was created. Only drainage areas comprising 80 acres (32.37 hectares) or more 

required a permit.  In 1975, the permitting threshold was lowered to 40 acres (16.39 hectares). In 

1977, the threshold was changed back to 80 acres - the current level. The year 1987 marked the 

start of “no net loss” drainage and wetland regulations but they were repealed 1995. In 2011, a 

separate permitting process from surface drainage was created for subsurface drainage. A 

subsurface water management process replaced the subsurface drainage permitting process in 

2017. Since 2017 legislation, water resource district/boards have sole control over tile permitting 

(i.e. subsurface water management permitting).  The state only has a role if the state classifies a 

surface drain permit as having drainage of statewide or interdistrict significance.  There are 

separate application forms for surface and subsurface drains.  

2.2.1 Permit Thresholds  

2.2.1.1 Surface Drainage  

For surface drainage, a permit is required to drain a pond, slough, lake, or sheetwater, or any 

series thereof, which has a watershed area comprising 80 acres (32.37 hectares) or more 

(N.D.C.C. 61-32-03). The term sheetwater is defined as shallow water that floods land not 

normally subject to standing water. It is not exclusive to wetlands and has been applied to 

http://www.legis.nd.gov/cencode/T61C32.pdf
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overland flow, such is the case with legal assessment drains that channelize overland flow. The 

requirement for a drainage permit is not based on the size of the wetland or pond, but the size of 

the watershed in which the wetland is located. A wetland in a watershed less than 80 acres is 

exempt. Watershed means the area which drains into a pond, slough, lake, or sheetwater, or any 

series thereof. A permit is also required whether the drainage involves constructing a ditch, 

pumping to remove the water, extending or modifying an existing drain, or filling a wetland.  

(N.D.A.C. 89-02-01-03). A drainage permit is not required for maintenance of a drain (N.D.A.C. 

89-02-01-05(1)). 

2.2.1.2 Subsurface Drainage  

For subsurface (tile) drainage a permit is required for: 

 Systems comprising more than 80 acres (32.37 hectares). The watershed area is not used 

to determine whether a permit is required under this section. 

 Subsurface water management systems that use surface intakes must be permitted 

exclusively under section 61-32-03.1 if the system’s surface intakes have a drainage 

coefficient of three-eighths of an inch (0.95 centimeters) or less. Subsurface water 

management systems that use surface intakes must be permitted exclusively under section 

61-32-03 if the system will have a drainage coefficient exceeding three-eighths of an inch 

(0.95 centimeters). 

 A subsurface water management system less than 80 acres (32.37 hectares) of land do not 

require a permit. 

2.2.2 Permit Process  

2.2.2.1 Surface Drainage 

The process of obtaining a surface drainage permit is collaboratively administered by the state 

engineer and local water resource management district/board. Permit applications are submitted 

to the state engineer (N.D.C.C. 61-32-03 and N.D.A.C. 89-02-01-07) who refers the application 

to the water resource district/board(s) where the watershed is located for the district/board’s 

consideration and approval. Applications proposing drainage of statewide or interdistrict 

significance may be returned to the state engineer for final approval. (N.D.C.C. 61-32-03 and 

N.D.A.C. 89-02-01-08). Drainage is considered to have statewide or interdistrict significance 

when: 

 Property owned by the state or its political subdivisions would be affected.  

 Sloughs, ponds, or lakes having recognized fish and wildlife values are affected.  

 Drainage would have a substantial effect on another district.  

 Drainage which would convert previously noncontributing areas (based on twenty-five 

year event - four percent chance) into permanently contributing areas. 

 For good cause, the state engineer may classify any proposed drainage as having 

statewide or interdistrict significance, or the state engineer may determine that certain 

proposed drainage is not of statewide or interdistrict significance (N.D.A.C. 89-02-01-

09). 

http://www.legis.nd.gov/information/acdata/pdf/89-02-01.pdf
http://www.legis.nd.gov/information/acdata/pdf/89-02-01.pdf
http://www.legis.nd.gov/information/acdata/pdf/89-02-01.pdf
http://www.legis.nd.gov/information/acdata/pdf/89-02-01.pdf
http://www.legis.nd.gov/cencode/T61C32.pdf
http://www.legis.nd.gov/information/acdata/pdf/89-02-01.pdf
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2.2.2.2 Subsurface Drainage 

For subsurface drainage the local water resource district/boards have sole permitting jurisdiction 

and authority over tile projects.  The only role of the office of the State Engineer is developing 

the permit application and keeping a database of approve tile permits. Upon receipt of a 

subsurface water management application the water resource district/board must determine if the 

application is “complete” (NDSWC, Regulatory Program: Drainage Permits).  The North Dakota 

Office of the State Engineer reference provides guidance to water resource district/boards in 

assessing applications for completeness.  The water resources district/board considers and 

approves the permit. 

2.2.3 Assessment 

2.2.3.1 Surface Drainage 

Prior to granting a surface water permit the following factors are considered (N.D.A.C. 89-02-

01-09.2): 

 The water volume proposed to be drained and its impact upon the watercourse into which 

it will be drained. 

 Adverse effects that may occur to downstream landowners. This factor is limited to the 

project's hydrologic effects, such as erosion, flood duration, sustained flows impacts, and 

downstream water control device operation impacts. 

 The engineering design and other physical aspects of the drain. 

 The project's impact on flooding problems in the project watershed. 

 The project’s impact on ponds, sloughs, streams, or lakes having recognized fish and 

wildlife values. 

 The project’s impact on agricultural lands. 

 Whether easements are required. 

 Other factors unique to the project. 

2.2.3.2 Subsurface Drainage 

For subsurface water permits, the applicant is required to provide the design and physical aspects 

of the proposed system, and any adverse hydraulic effects, including erosion, flood duration, 

crop loss, and downstream water control device operation impacts, which may occur to land 

owned by a landowner (within one mile downstream of the proposed subsurface water 

management system outlet unless the distance to the nearest assessment drain, natural 

watercourse, slough, or lake is less than one mile). This information is used ensure the project 

causes no unreasonable harm prior to issuance of the permit. “Unreasonable Harm” means 

hydraulic impacts, including erosion or other adverse impacts that degrade the physical integrity 

of a roadway or real property within one mile downstream of the system’s outlet. 

2.2.4 Flow Easement  

Flow easements are only required for surface drainage. If the investigation indicates the proposed 

drainage will flood or adversely affect lands of downstream landowners, the water resource 
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district/board may not issue a permit until flowage easements are obtained.  Flowage easements 

are required until the water reaches a watercourse. The flowage easements must be filed for 

record in the office of the recorder of the county or counties in which the lands are situated. 

2.2.5 Permit Conditions  

2.2.5.1 Surface Drainage 

All surface water permits of statewide or interdistrict significance must include the following 

conditions: 

 All highly erodible drainage channels must be seeded to a sod forming grass. 

 Vegetative cover must be adequately maintained for the life of the project or control 

structures must be installed. 

 Receipt of a permit does not relieve an applicant from liability for damages resulting 

from any activity conducted under the permit. The state engineer or Water Resource 

District/Board may attach other conditions to the permit if necessary 

2.2.5.2 Subsurface Drainage 

A water resource district/board may attach reasonable conditions to an approved permit for a 

subsurface water management system that outlets directly into a legal assessment drain or public 

highway right of way. The outlet may be required to include proper erosion control, reseeding of 

disturbed areas, installation of riprap or other ditch stabilization, and conditions. Also, a control 

structure may be required to be incorporated into the system and closed during critical flood 

periods. 

2.2.6 Drainage Complaints 

Only a landowner experiencing flooding or adverse effects from an unauthorized drain 

constructed before January 1, 1975 may file a complaint with the water resource district/board.  

Any person may file a complaint about an unauthorized drain constructed after January 1, 1975 

with the water resource district/board (N.D.A.C. 89-02-04 (drainage complaints regulations). 

 For complaints of unauthorized drainage (NDCC 61-32-03 or 61-32-03.1). If the drain is 

determined to be noncompliant, the landowner shall be notified of specific nature and 

extent of the noncompliance and that if the drain is not closed or filled within a 

reasonable time, the district/board shall close the drain and assess the cost of the closing 

against the property of the landowner responsible.  A water resource district/board’s 

decision on a drainage complaint may be appealed to the Office of the State Engineer 

within 30 days of receipt of the water resource district/board’s decision on the complaint. 

If the water resource district/board does not act on the complaint within a reasonable time 

(120 days), the original complaint may be filed with the Office of the State Engineer 

within 150 days of the original submittal date. 

 For complaints of obstruction to a drain or watercourse, if it is determined that an 

obstruction to a drain has been caused by a negligent act or omission of a landowner or 

tenant (N.D.C.C. 61-16.1-51) the district/board shall notify the landowner. If the 
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obstruction is not removed, the district/board shall remove the obstruction and assess its 

costs against the property of the responsible landowner. A water resource district/board’s 

decision on an obstruction to a drain complaint may be appealed to the district court of 

the county in which the land is located. 

2.2.7 Emergency Drainage  

The state engineer may adopt rules for temporary permits for emergency drainage (N.D.A.C. 89-

02). Emergency means a situation that will cause significant damage to people or property if not 

addressed immediately and that would not occur under normal circumstances. An emergency 

may exist because of an extremely wet hydrologic cycle. Damages caused by deliberate acts may 

not constitute an emergency.  

2.2.8 Water Resource District/Board 

A water resource district/board (WRD/B) is authorized to establish drain projects, that is, 

projects to drain water from several tracts of land that are likely owned by several individuals. 

One purpose of a drainage project is to coordinate efforts to remove (drain) unwanted water, 

rather than having each landowner doing what the landowner wants to do and leaving the 

community with an uncoordinated system of drains.  The lands which benefit from the project 

are assessed a special assessment for its cost. Affected landowners have an opportunity to vote 

on the project (N.D.C.C. 61-16.1-20) and an opportunity to appeal the assessment to the state 

engineer (N.D.C.C. 61-16.1-23; also N.D.A.C. Art. 89-02). 

2.3 Saskatchewan  

Drainage regulation has occurred in the province for the last 100 years, but the enforcement of 

these regulations has not been widespread. Historically, it was believed that the only issue 

drainage presented was whether landowners were flooding their neighbours. There was also a 

widespread belief in the agricultural community that drainage was a right of land ownership.  

Drainage was historically regulated by a series of acts, with the most current legislation called 

The Water Security Agency Act (The WSA Act), passed in 2013 with new regulations enacted in 

2015.  

2.3.1 The Drainage Control Act 

In 1980, The Drainage Control Act (DC Act) received royal assent.  The DC Act allowed the 

establishment of watershed areas and watershed commissions to manage the issues around 

drainage. New drainage works required a permit issued by the watershed commissions based on 

the submission of suitable plans. The DC Act had a provision that allowed land owners who 

thought they had or could suffer damage from upstream drainage works, to launch a complaint to 

the commission. The first fines for illegal drainage were established under The DC Act. Anyone 

not conforming to The DC Act including the construction of illegal works could, upon summary 

conviction, be fined up to $5,000. The DC Act implemented the first drainage complaint system 

in 1981. This complaint system was in place from 1981 to 2015. It allowed anyone whose land 

experienced negative impacts of drainage to complain, regardless of the year the drainage works 

were constructed.  In 1980 it was determined there were too many illegal works in place and it 

http://www.legis.nd.gov/information/acdata/pdf/89-02-05.1.pdf
http://www.legis.nd.gov/information/acdata/pdf/89-02-05.1.pdf
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would be more practical to grandfather existing works and rely upon the new complaint process 

to determine problematic drainage works.  

2.3.2 The Drainage Control Regulations 

In 1981, The Drainage Control Regulations (The Regulations) were introduced to support The 

Drainage Control Act.  The Regulations described the process for making application, described 

required plans and rules for advertising. The Regulations also established a number of 

exemptions. All works in existence January 1, 1981 did not require approved. Drainage works 

through roads and highways were exempt provided they did not significantly inhibit the flow or 

divert water away from the outlet to which the water would have drained naturally. The removal 

of obstructions and silt from a watercourse and works that did not drain water off of the owner’s 

land were also exempt.  It should be noted that even though pre-1981 works did not require an 

approval, the owner of the works still required land control through easement to the point of an 

adequate outlet, where the impact of the drainage is considered negligible. 

2.3.3 The Water Security Agency Act and the Water Security Agency Regulations 

The Drainage Control Act was repealed in 1984 and replaced with a series of acts, with the most 

current legislation called The Water Security Agency Act (The WSA Act), passed in 2013.  A 

series of wet years beginning in 2010 resulted in hundreds of complaints often taking about two 

years to resolve.  There was a call to renew drainage regulation and resolve some of the issues 

around drainage and drainage complaints.  The Drainage Control Regulations were repealed in 

2015 and replaced with The Water Security Agency Regulations (The WSA Regulations).  

2.3.4 The Agricultural Water Management Strategy 

In September 2015, the Saskatchewan government announced The WSA Regulations, legislation 

and policies to support responsible drainage as part of an Agricultural Water Management 

Strategy. These regulations were the first significant changes since 1980 when The Drainage 

Control Act was introduced. The WSA Regulations were intended to clarify the approval process 

around drainage and to support a new policy approach intended to achieve the benefits of 

drainage while managing their risks. The new approach ensured that all drainage projects were 

properly evaluated for their potential impacts before considering approval, there would be easier 

ways to facilitate land control, and there would be a greater emphasis on the use of controls on 

drainage outlets. In Saskatchewan, the legislation was intended for surface drainage as tile-

drainage is not a concern at present.   

The most significant change with The WSA Regulations was that pre-1981 drainage works 

required a permit. Unapproved works could be altered or closed by the Water Security Agency 

without compensation. This means that, over a period of time, all drainage works need an 

approval regardless of when they were built. No unapproved works were grandfathered. In the 

fall of 2016, The Water Security Agency started using wetland mapping to help identify 

unauthorized drainage works under their new regulations, and to assist in bring unauthorized 

works into approval. Currently there are about 20,000,000 acres of agricultural land where 

wetland inventory has been identified, largely on the east side of the province.  It was estimated 
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that there were between 100,000 and 150,000 quarters of land with unapproved works in the 

province requiring authorization.  

Saskatchewan’s response to drainage complaints now focuses on achieving compliance.  The 

new regulations support a new approach to the drainage complaint process to help streamline the 

process. When drainage complaints are received, the Water Security Agency (WSA) will first 

determine if the works existed and if there was an approval in place. If there was no approval, the 

owner would be requested to seek approval within a prescribed amount of time or the works 

would be ordered closed. By having the landowner seek approval within the regulation, the new 

approach to drainage complaints will negate the need for the Water Security Agency to 

undertake time consuming investigations to determine if the alleged works have caused or could 

cause damages. Changes to The WSA Act in 2018 changed the fines boosting them to a maximum 

of one million dollars per day if a court so chooses. The level of fines will be determined by the 

courts on a case-by-case basis, “weighted to the severity of the situation.” 

The new regulations resulted in drainage licensing going from a complaints-based system to a 

permit-based system.  Drainage permits are based on two principles: that landowners need 

permission to move water to and over someone else’s property and that an adequate outlet must 

be available.  When draining, the proponent must have permission to move water onto, or across, 

another person’s land to the point of adequate outlet. The regulations allow new types of 

permission to use land. The most secure form of land permission is ownership, followed by a 

registered easement. Permission to use land can be obtained through joint applications or written 

agreements.  

Drainage approvals will consider how to reduce impacts and will reflect the risk involved. The 

impact on flooding, water quality and habitat loss will be assessed when approving drainage 

projects, and ensuring those impacts are addressed Approval holders will be required to use best 

practices in design and construction of works to reduce impacts of drainage.  When a project 

application is received, WSA will evaluate whether the project also requires an Aquatic Habitat 

Protection Permit.  If it does, the Aquatic Habitat Protection Permit will be issued at the same 

time as the drainage approval, and the conditions for both permits will be listed in the Approval.  

The types of mitigation conditions will depend on the size of the project and where it is located 

in the province. Approval holders may be required to: 

 Install and operate structures to control the release of water from a drain.  In order to 

prevent drained water adding to flood peaks, higher risk projects will be required to 

install permanent flow restriction structures, such as suitably sized culverts or gates.  

 Retain some surface water or storage space for water.  In order to prevent drainage 

adding to flood peaks, higher risk projects may be required to permanently retain a 

portion of the surface water they wanted to drain as wetland or dead storage (ability to 

fill). 

 Comply with conditions for an Aquatic Habitat Protection Permit. 

In cases where a landowner is unable to obtain permission to drain because there is no adequate 

outlet, outlet gates or closure could take place to restore water back to the natural spill level.  
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Drainage applications (especially in networks) are complicated because they often involve many 

legal parcels and landowners. Landowners should expect to hire a qualified person for assistance 

in most cases. A qualified person is a professional engineering or geoscience, agrologist, an 

applied science technologist or an individual who has successfully completed a training course 

approved by the corporation or has a suitable combination of education and experience. 

Currently, the Water Security Agency is focusing on approvals in high priority areas where many 

Requests for Assistance have been received.  

2.3.5 Summary 

 All drainage needs an approval.  Over a period of time, all drainage works need an 

approval regardless of when they were built. No unapproved works are grandfathered. 

Drainage works built pre-1981 also need an approval. 

 New types of permission to use land. When draining, the proponent must have 

permission to move water onto, or across, any other person’s land to the point of 

adequate outlet. The most secure form of land permission is ownership, followed by a 

registered easement. Permission to use land can also be obtained through joint 

applications or written agreements. 

 Drainage approvals will consider how to reduce impacts and will reflect the risk 

involved.  Approval holders will be required to use best practices in design and 

construction of works to reduce impacts of drainage. The types of mitigation conditions 

will depend on the size of the project and where it is located in the province. 

 Approval holders may be required to install and operate structures to control the release 

of water from a drain.  In order to prevent drained water adding to flood peaks, higher 

risk activities will be required to install permanent flow restriction structures, such as 

suitably sized culverts or gates.  

 Approval holders may be required to retain some surface water or storage space for 

water.  In order to prevent drainage adding to flood peaks, higher risk activities may be 

required to permanently retain a portion of the surface water they wanted to drain as 

wetland or dead storage (ability to fill).  

 Qualified persons will assist landholders to prepare drainage applications. Drainage 

applications (especially in networks) are complicated because they often involve many 

legal parcels and landowners. Landowners should expect to hire a qualified person for 

assistance in most cases. 

 Water Security Agency’s response to drainage complaints now focuses on achieving 

compliance.  When Water Security Agency receives a request for assistance, they will 

confirm that there are drainage works and whether they are approved.  If they are not 

approved the owner of the works has a period of time to obtain an approval, or be 

required to close the works.  

 Aquatic Habitat Protection Permit’s will be issued concurrently with drainage approvals. 

 A mitigation strategy that is more encompassing is currently in the development stages.  

This will deal with impacts on water quality, and habitat and will also reduce cumulative 

impacts of drainage on receiving water bodies and water courses. 
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The Agricultural Water Management Strategy continues to evolve. 

2.4 Manitoba  

Manitoba’s drainage legislation dates back to 1880 when the Drainage Act allowed the Province 

to drain and develop land to gain title from the federal government. Drainage is currently 

legislated through The Water Rights Act. The Water Rights Act was created in 1930 when 

responsibility for resources was transferred to the province. The Act has been amended 

numerous times. In June, 2018 the Province passed The Sustainable Watersheds Act. This Act 

amends various pieces of legislation in Manitoba, including The Water Rights Act (Part 4 of The 

Sustainable Watersheds Act). Some of these amendments came into force in June, 2018 and 

others are awaiting regulation development and will come into force once proclaimed. Recently, 

the Manitoba government consulted on a proposed drainage regulation for The Water Rights Act.  

2.4.1 Licensing Requirements 

Under the Water Rights Act, drainage is considered a water control work. The Water Rights Act 

defines water control works as follows: "water control works" means any dyke, dam, surface or 

subsurface drain, drainage, improved natural waterway, canal, tunnel, bridge, culvert borehole 

or contrivance for carrying or conducting water, that  

(a) temporarily or permanently alters or may alter the flow or level of water, including but 

not limited to water in a water body, by any means, including drainage, or  

(b) changes or may change the location or direction of flow of water, including but not 

limited to water in a water body, by any means, including drainage.  

Prior to 1988, drains were constructed throughout the province without knowledge of, the 

licensing requirements of the Water Rights Act. In 1988, a policy was established focusing on 

enforcement of the requirement for authorization of water control works with an aim to ensure a 

water rights licence was obtained prior to installing, reconstructing, or maintaining a drain after 

the Act was proclaimed. The 1988 policy, Procedure Directive PR 08 14 002, stated ″No licence 

shall be required for the maintenance or restoration of existing channels. However, a licence is 

required prior to restoration or reconstruction of existing channels when such work significantly 

increases the flow capacity of the channel″. Manitoba courts upheld that The Water Rights Act 

did not apply to drainage projects constructed before April 19, 1988. The Water Resource Act 

was amended in 2000 to allow the province to address the problematic historic works  

2.4.2 Licensing Practices 

Drainage Licensing policy and procedures require anyone wanting to change or alter the 

drainage of their land to submit an application for a licence. The licence application identifies the 

water outlet, location of works, description of works and their impact on drained water body, and 

approval of downstream landowners.  The works must also be proven acceptable to municipal or 

provincial government departments if the works affect the location or flow of water on municipal 

or provincial property. Works must not alter the natural state of seasonal, semi-permanent or 

permanent marshes, Class 3, 4, and 5 according to the Stewart and Kantrud marsh classification 
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system which is utilized to classify wetlands. The wetland classifications that cannot be altered 

are defined as follows:  

 Class 3 Seasonal ponds are characterized by shallow marsh vegetation, which generally 

occurs in the deepest zone. They are usually dry by mid-summer.  

 Class 4 wetlands will hold some water in years with average to above-average moisture 

conditions but can go dry in years with below-average moisture conditions.  Class 4 

wetlands frequently have marsh vegetation of submerged aquatic vegetation such as 

cattails, bulrushes and pond weeds in the central area of the wetland  

 Class 5: wetlands that holds surface water permanently in years with average moisture 

conditions.  Class 5 wetlands may go dry in years with well below-average moisture 

conditions.  Class 5 wetlands have permanent open water in the central area that is 

generally free of emergent vegetation.  Submerged plants may be present in the deepest 

part of the wetland with emergent plants on the edges of the wetland. 

2.4.3 Licence Assessment 

The primary focus of drainage licensing is to minimize the potential for negative impacts on 

upstream or downstream landowners, or on the environment. Drainage projects are licensed 

individually. Cumulative impacts are currently taken into account to the best extent possible 

given the current gaps in watershed based planning and the technical challenges inherent in 

assessing those impacts. It is felt that, if local impacts are mitigated, they tend not to be 

transmitted further down or up the system. Factors considered when licensing drainage projects 

are: 

 availability of an adequate outlet to handle increased flows 

 amount of water being drained 

 the ability of the receiving water body to handle increased flow from the proposed project 

 valid objections 

 controls on the speed of flow 

 soil erodibility 

 slope of the land 

 potential impact on water resource and other resources, public and private property, 

riparian interests, receiving water body or watercourse, agricultural land base, community 

standards 

2.4.4 Enforcement Practices  

Under the Provincial Offenses Act officers designated by the minister have the power to issue 

tickets. Officers may also issue an appearance notice setting time aside for appearance in front of 

a Justice.  In cases where the offender does not comply with requests to remediate unauthorized 

water control works, the offending party will be issued a Ministerial Order to modify the illegal 

drainage works to the conditions outlined in the order by a specified date. If the offender does 

not comply, the province, or a contractor hired by the province, can undertake the required work 

and steps taken to attribute the costs incurred to the offender. 
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2.4.5 Proposed New Regulatory Approach   

In June 2018, the Manitoba government passed The Sustainable Watersheds Act which amended 

four acts including The Water Rights Act. The amendments to The Water Rights Act enabled 

creation of regulations around a new expedited registration process for lower risk, lower impact 

projects and compensation provisions to support no net loss of wetland benefits for certain 

classes of wetlands. The intent is to expedite the drainage approval process for lower risk, lower 

impact projects while increasing protection for more permanent classes of wetlands.  

As of July 2019, Manitoba has concluded public consultations on a proposed new regulation 

under The Water Rights Act and the final version of the regulation is still under development. 

Expected outcomes of the proposed regulation are:  

 streamlined applications and approvals for projects determined to be lower risk-lower 

impact  

 reduced red tape and timely approvals for lower risk - lower impact projects  

 increased focus on reviewing higher-risk and higher-impact projects  

 increased flexibility for requirements for landowner approval of proposed water control 

works  

 improved surface water management coordination and communication by providing 

stronger linkages between watershed plans and municipal plans that influence land use 

decision-making approval of upstream activities  

 improved surface water management coordination  

2.4.5.1 Harmonizing Provincial Approvals and Reducing Red Tape  

The proposed regulation would streamline approvals and reduce red tape by exempting certain 

activities from The Water Rights Act including:  

 Drainage and water retention projects that require a licence under The Environment Act  

 Culvert replacements with no change in culvert size or invert elevation  

Water control works in urban areas where the water control works do not drain Class 3, 4, or 

5 wetlands or outlet to outlying rural areas  

2.4.5.2 Downstream Approvals  

The proposed regulation would ensure that approval is required from those downstream 

landowners who are significantly impacted by a drainage or water control work project. 

However, the regulation would introduce flexibility for departmental discretion to ensure 

projects cannot be vetoed without merit.  

2.3.5.3 Strengthening Surface Water Management  

The proposed regulation would strengthen linkages between The Water Rights Act and other acts 

to improve surface water management by balancing drainage with retention on a watershed scale.  
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2.3.5.4 Registrable Projects 

The proposed regulation under The Water Rights Act would streamline applications and 

approvals. If a project falls within one of six classes and meets the requirements for that class, 

shown on Table 2.1. It would be eligible to proceed through a simplified authorization process. 

Applicants would register eligible projects with Manitoba Sustainable Development and within 

14 days they would receive a registration certificate indicating they may proceed with their 

project. If a project is ineligible for registration or an application is incomplete, the applicant 

would be notified within the 14 day period.  

2.3.5.5 Non-Registrable Projects  

If the project cannot be registered, it would proceed through a full licensing review process 

similar to the existing licensing process.  The following are considered Non-Registrable Projects:  

 Loss or alteration of a seasonal (Class 3), semi-permanent (Class 4), or permanent (Class 

5) wetland  

 Drainage of Canada Land Inventory Class 6 or 7 soil or unimproved organic soil  

 Transfer of water between watersheds  

 Negative impacts on fish spawning, rearing, or passage  

 Inconsistency with an approved watershed plan  

 Violation of conservation agreement restrictions  

2.3.5.6 Prescribed Wetlands  

Amendments to The Water Rights Act in 2018 included a new provision for offsetting the loss or 

alteration of prescribed wetlands with a goal of no net loss of wetland benefits. The proposed 

regulation would define Class 3, 4 and 5 wetlands as prescribed wetlands. Applicants that apply 

for a licence to alter or drain a prescribed wetland would be required to work through a 

mitigation process to avoid wetland loss, minimize impacts and, as a last resort, compensate for 

the loss of wetland benefits.  

Class 1 and 2: Ephemeral and temporary wetlands. These wetlands usually hold surface water 

caused by snowmelt or precipitation for less than one month during years with normal moisture 

conditions. Land may be cultivated and seeded in drier years. Loss or alteration does not require 

wetland compensation.  

Class 3, 4 and 5: Seasonal, semi-permanent and permanent wetlands.  These wetlands usually 

hold surface water caused by snowmelt or precipitation for one month or more during years with 

normal moisture conditions. Land may be dry by midsummer or hold surface water throughout 

the growing season. Drainage or alteration requires a Water Rights Act licence and 

compensation.  

2.3.5.7 Compensation Methods  

Restoration and enhancement are the methods of compensation required in legislation. These two 

methods are further defined in the proposed regulation:  
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1. Restoration is the return of a wetland to a close proximity of its natural condition.  

2. Enhancement is defined three ways:  

i. Increasing the size (area) of a wetland  

ii. Improving the wetland benefits associated with the wetland (including the 

surrounding upland habitat)  

iii. Providing legal protection to a wetland through a conservation agreement  

The proposed changes are still in a public consultation process. 

2.5 Conclusions 

The drainage law of the three jurisdictions is based on similar principles. The drainage 

legislation in Saskatchewan and Manitoba is based on the Northwest Irrigation Act. The Act was 

the first water rights legislation enacted by the Federal government.  “The Act stated that, the 

right to the use of water in any river stream, watercourse, lake, creek, ravine, canyon, lagoon, 

swamp, marsh or other body of water was vested in the Crown. The legislation established a 

system of water rights based loosely on the USA system of first in time first in right but used 

prior allocation rather than prior appropriation. The legislation required that the water use and 

the works used to convey the water be approved under the Act. Consequently, although the 

legislation was directed at the establishment of an orderly system of water use and allocation, 

drainage works were also captured. The Act defined “works” to include any dykes, dams, weirs, 

flood-gates, breakwaters, drains, ditches, basins, reservoirs, canals, tunnels, bridges, culverts, 

cribs, embankments, headworks, flumes, aqueducts, pipes, pumps and any other contrivance for 

carrying or conducting water or other works which were authorized to be constructed under the 

provisions of the Act” (Dybvig W., 2017). Over time the three jurisdictions’ legislatures have 

enacted statutory law that reiterated, modified or expanded their drainage laws. As a result there 

are differences in the policy, tools and methods for dealing with regulatory drainage in each 

jurisdiction.  

Table 2.2 compares the drainage laws of the three jurisdictions. As indicated in Table 2.2, there 

are similarities in their drainage regulations. For all three jurisdictions, an assessment of the 

proposed drainage project on the receiving watercourse and downstream lands is required prior 

to issuance of any drainage licence.  Applicants must demonstrate there is an adequate outlet 

downstream available to handle the increased drainage water. This may require the approval of 

downstream landowners to show that their proposed project does not negatively impact another 

landowner, and if it does, that they have taken steps to secure the approval of that landowner. All 

three jurisdictions are able to enforce their drainage regulations through fines and/or the closure 

of the works and assessment of the costs against non-compliant landowners. 

Key differences in the jurisdictions’ drainage laws are as follows: 

 In Manitoba and Saskatchewan, the provinces are responsible for drainage regulation and 

enforcement. In North Dakota, state law imposes considerable responsibility on local 

government to oversee what they often see as a local issue. Consequently, water 
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management district/boards are responsible for drainage permitting. However, the state 

has a role only for surface water drainage when impacts extend beyond local government.  

 North Dakota is the only jurisdiction that licensing/permit process distinguishes between 

surface and subsurface drainage. North Dakota water resource district/boards have sole 

authority for all regulator aspects of subsurface drainage systems. The role of the office 

of the State Engineer is developing the permit application and keeping a database of 

approve tile permits. Manitoba is proposing to consider subsurface drain as a separate 

class, see Table 2.1 Class B. 

 North Dakota requires a permit before a landowner can drain a wetland with watershed of 

more than 80 acres (32.37 hectares). Saskatchewan now requires a drainage licence for 

all wetland drainage projects even though any unapproved drainage works constructed 

prior to 1981 were grandfathered by the 1981 Drainage Regulations. Manitoba, 

grandfathers’ drainage works constructed prior to 1988, but additional maintenance, 

alteration or construction requires a licence. 

 Permit conditions in Saskatchewan allows for the installation of outlet controls and/or 

retain of surface water.  The closure of outlets may be required during critical flood 

times. In North Dakota, subsurface drainage outlets may be required to include proper 

erosion control, reseeding of disturbed areas, installation of riprap or other ditch 

stabilization, and conditions. Also, a control structure may be required to be incorporated 

into the system and closed during critical flood periods.  

 In Manitoba, drainage works must not alter the natural state of seasonal, semi-permanent 

or permanent marshes including classes 3, 4 and 5.  Manitoba has new provisions for 

offsetting the loss or alteration of prescribed wetlands with a goal of no net loss of 

wetland benefits. The proposed regulation would define seasonal (Class 3), semi-

permanent (Class 4), or permanent (Class 5) wetlands as prescribed wetlands. Alteration 

of these wetlands would be required mitigation to avoid wetland loss, minimize impacts 

and, as a last resort, compensate for the loss of wetland benefits.  

 The North Dakota state engineer may adopt rules for temporary permits for emergency 

drainage.  In Manitoba, municipalities who declare a state of local emergency may 

conduct emergency water control works without authorization under The Water Rights 

Act. Municipalities are responsible for impacts that result from the emergency works. 

When a state of local emergency expires, the works must be restored to pre-existing 

conditions or authorization obtained to maintain the constructed the water control works. 

In Saskatchewan, emergency drainage is provided for under The Water Security Agency 

Regulations in accordance with emergency declarations.  

Drainage projects are licensed individually. The primary focus is to minimize the potential for 

negative impacts on upstream or downstream landowners in the immediate area, or on the 

environment. It is felt that if local impacts are mitigated, they tend not to be transmitted further 

down or up the system. This is not necessarily the case. There are gaps in watershed-based 

planning and the technical challenges inherent in assessing cumulative impacts. There appears to 

be a need for future research into developing tools to assess cumulative environmental impacts of 

drainage. 
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The current legislation does not allow a landowner in one jurisdiction to file a drainage 

constraint against one in another jurisdiction. The only mechanism to deal with this situation 

appears to be inter-governmental watershed planning.  
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Table 2.1: Registrable Projects and Associated Requirements (Manitoba Sustainable 

Development, 2018). (These projects would be eligible for authorization through registration and 

would not require a license). 

 

Project Class Requirements 

Class A – Minor surface drain construction 
Construction of surface drains with a depth not 

exceeding 12 inches below natural prairie level, 

Cannot result in the drainage of Class 6, 7 or 

unimproved organic soils. 

Class B – Agricultural subsurface tile drain 

construction 
Construction of subsurface tile drains and all associated 

water control works that have a drainage coefficient of 

equal to or less than 3/8 inch over a 24-hour period on 

agricultural lands. 

Project must be designed by a tile drainage designer 

who has completed an approved tile drainage course 

Cannot be located within 50 m of a prescribed class 

of wetland. 

Average depth of the 

    - lateral pipe cannot exceed 36” 

    - header pipe cannot exceed 60” 

All outlets are equipped with control devices 

Cannot result in the drainage of Class 6, 7 or 

unimproved organic soils. 

Class C – Water control works for new crossings 
Construction of water control works related to new 

access crossings that do not constrict water flow. 

Application must show size of immediate upstream 

and downstream culverts. 

Must demonstrate that culvert in the approach will: 

   - Be equal in size to the largest culvert 

immediately upstream or downstream 

   - Have an invert elevation at the bottom of the 

drain 

Class D – Minor culvert changes 
Replacing an existing culvert with a culvert that does 

not change the hydraulic capacity of the culvert by 

more than 15%, as long as there is no change in the 

invert elevation of the culvert. 

Include a pre-construction topographical survey that 

shows location, size, and invert elevation of existing 

culverts.  

Class E – Wetland enhancement and restoration 
Construction of water control works that are not more 

than 1 m in height and retain less than 25 acre-feet of 

water that restore a wetland that had previously been 

rained or increase the area of an existing wetland. 

Include a pre-construction survey of the site that 

shows the maximum flooded area. 

Any associated landowner approvals including: 

   - Those who may be flooded by the project. 

   - Those immediately downstream may see a 

reduction in water flow as a result of the plug. 

Class F – Small dam construction 
Construction of dams less than 2.5 m in height that 

retain less than 25 acre-feet of water. 

Include a pre-construction survey of the site.  A 

design plan approved by a professional engineer or 

other certified agent, that: 

   - Demonstrates the dam will accommodate a 1 in 

100 year flood event 

   - Shows the maximum flooded area                                             

Any associated landowner approvals including: 

    - Those who may be flooded by the project 

    - Those immediately downstream who 
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Table 2.2 Jurisdictional Drainage Legislative Comparison  

Subject 
Jurisdiction 

North Dakota Saskatchewan Manitoba 

Permitting  

Agency  

Water management district/board 

(state has a role when impacts 

extend beyond  local government) 

 Water Security Agency Manitoba Sustainable Development 

Exemptions wetlands with drainage areas less 

than 80 acres (32.37 hectares)  

None No legislative exceptions. However, 

based on a policy decision non 

problematic works constructed prior 

to 1988 are exempt. 

Subsurface (tile) 

Drainage 

Process 

Administrated by water 

management districts/boards. State 

only provides license 

Standard permit Standard permit 

Impact 

Assessment 

Impact on the receiving watercourse 

and lands of lower proprietors. 

Limited to the project’s hydrologic 

effects such as erosion, duration of 

floods, impact of sustained flows, 

and impact on the operation of 

downstream water control devices. 

Engineering design and other 

physical aspects of the drain. Impact 

on flooding problems in the project 

watershed. 

Impact on flooding, water quality 

and habitat loss  

• availability of adequate outlet to 

handle increased flows 

• amount of water being drained 

• the ability of the receiving water 

body to handle increased flow from 

the proposed project 

• valid objections 

• controls on the speed of flow 

• soil erodibility 

• slope of the land 

• potential impact on water resource 

and other resources, public and 

private property, riparian interests, 

receiving water body or 

watercourse, agricultural land base, 

community standards 
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Subject 
Jurisdiction 

North Dakota Saskatchewan Manitoba 

Flow Easements The flowage easements is required 

until the water reaches a 

watercourse 

Easements or other acceptable 

joint applications or written 

agreements are required to move 

water to someone else’s property 

and that an adequate outlet 

downstream must be available to 

move water to someone else’s 

property and that an adequate 

outlet downstream must be 

available. 

Approval of downstream 

landowners is required to show that 

their proposed project does not 

negatively impact another 

landowner, and if it does, that they 

have taken steps to secure the 

approval of that landowner.   

Potential Permit 

Conditions 

All highly erodible drainage 

channels must be seeded to a sod 

forming grass. Vegetative cover 

must be adequately maintained for 

the life of the project or control 

structures must be installed. Receipt 

of a permit does not relieve an 

applicant from liability for damages 

resulting from any activity 

conducted under the permit. For 

ssubsurface drainage outlets may be 

required to include proper erosion 

control, reseeding of disturbed 

areas, installation of riprap or other 

ditch stabilization, and conditions. 

Also, a control structure may be 

required to be incorporated into the 

system and closed during critical 

flood periods. 

Use best practices in design and 

construction. Install controls 

and/or retain some surface water 

or storage space for water may be 

required.  AHPP conditions will 

also be included on Drainage 

Approvals. 

Works must also be proven 

acceptable to municipal or 

provincial government if the works 

affect the location of flow of water 

on municipal or provincial property. 

Works must not alter the natural 

state of seasonal, semi-permanent or 

permanent marshes including classes 

III, IV, and V  
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Subject 
Jurisdiction 

North Dakota Saskatchewan Manitoba 

Enforcement   Prior to January 1, 1975 only 

impacted landowners. After January 

1, 1975 anyone. If the drain is not 

closed or filled and/or obstruction is 

not removed, within a reasonable 

time, the board shall close the drain 

and assess the cost of the closing 

against the property of the 

landowner responsible.   

Fines for unauthorized drainage 

works from a maximum of 

$10,000 per day to up to $1 

million per day.  WSA may also 

enter onto lands where works 

have been ordered closed and 

construct ditch blocks or other 

structures to render the 

unauthorized works inoperable. 

Under the Provincial Offenses Act 

officers designated by the minister 

have the power to issue tickets. 

Officers may also issue an 

appearance notice setting time aside 

for appearance in front of a Justice.   

Ministerial orders to modify the 

illegal drainage works within 

specified times. Get a third party to 

undertake the required work with all 

incurred costs incurred charged to 

the offender. 

Maintenance of 

Drain 

Permit not required Permit not required License gives authority for ongoing 

maintenance. 

Emergency 

drainage 

State engineer may adopt rules for 

temporary permits for emergency 

drainage (N.D.A.C. 89-02-05.1). 

Provided for under The WSA 

Regulations in accordance with 

emergency declarations.  

Municipalities who declare a state of 

local emergency (SOLE) may 

conduct emergency water control 

works without authorization under 

The WRA.  Municipalities are 

responsible for impacts that result 

from the works. When the SOLE 

expires the works must be restored 

or their authorization obtained. 
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3 Review of Artificial Drainage Science 

3.1 Introduction 

Wetlands are widely regarded as important components of a natural landscape, because of their 

value to local and regional biodiversity and particularly their functional hydrological role. The 

natural functions of wetlands can be altered or impaired by artificial drainage. The artificial 

drainage of prairie pothole wetlands has the potential to increase flooding and degrade ecosystems. 

A literature review of the impacts of artificial drainage on surface and subsurface hydrology was 

undertaken to understand the current state of knowledge.  The hydrologic processes are the main 

determinants of wetland types in the way they receive, store, and release water. Surface drainage 

moves excess water off fields by constructed channels. Subsurface drainage is usually through the 

use of buried pipe drains (e.g., tile drainage) to remove groundwater from the root zone or from 

low-lying wet areas.  

Wetlands function as natural sponges that trap and release surface water. It is the water storage 

function of wetlands that reduces flooding.  By temporarily storing and slowly releasing storm 

water they reduce flows allowing sediments and associated pollutants to settle out. The specific 

effects of artificial drainage as a contributor to increased streamflow are not well understood but 

give rise to increased seasonal and annual water yields (Schottler et al., 2013). Given the extent of 

past wetland drainage and current intensification of subsurface drainage (Sugg, 2007; Blann et al., 

2009), artificial drainage networks in total have the potential to alter water budgets and river flows 

on a watershed scale and degrade the ecosystem. 

This section presents an overview of the current understanding on the impact that artificial surface 

and subsurface drainage of prairie wetlands on the downstream hydrology and water quality  

3.2 Hydrology 

This section examines the hydrologic impacts of artificial drainage. Wetlands have the capability 

to store large amounts of melting snow and runoff and release the water slowly, reducing the 

impacts on downstream flows.  Through the loss of this storage, artificial drainage impacts the 

timing, magnitude and volume of runoff. The impact of surface and subsurface drainage were 

reviewed as they have different impacts on a watershed’s hydrology.   The effect of artificial 

drainage on the contributing drainage area of a watershed is discussed. Findings regarding changes 

on water yields and flooding are then discussed along with the current state of knowledge. 

3.2.1 Drainage Area Definitions 

The effective drainage area is the area that excludes marsh and slough areas and other natural 

storage areas which would prevent runoff from reaching the main stream in a year of "average 

runoff" (Martin, 2001). The gross drainage area of a stream at a specified location is the area, 

enclosed by its drainage divide, which might be expected to entirely contribute runoff to that 

specified location under extremely wet conditions. The gross drainage boundary is the drainage 

divide (i.e. the height of land between adjoining watersheds) (Stichling and Blackwell. 1957). 

Agriculture and Agri-Food Canada (AAFC) has calculated gross and effective drainage areas at 
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numerous sites primarily at the hydrometric gauging stations on the prairies 

(https://open.canada.ca/data/en/dataset/38d86b01-05c5-4763-aea6-4f3c62bac2a9).  

The contributing drainage area to runoff on the Prairie Pothole Region fluctuates by year, by 

season, and by runoff event because of the glacial landscape and the climate, i.e. the fill and spill 

mechanisms of prairie potholes. The Prairie Pothole Region extends across southern Alberta, 

Saskatchewan and Manitoba and extends into North Dakota, South Dakota, Iowa, Minnesota and 

Montana. The number of potholes fluctuates from two million to eight million, depending on 

seasonal moisture levels (Ducks Unlimited, 2019). Drainage of wetlands increases a runoff events’ 

contributing drainage area.   

The non-contributing area is the area that lies outside of the effective drainage demarcation (i.e. 

the area between the effective and gross drainage delineations). The portion of the non-

contributing area that contributes to runoff in a particular event varies with the frequency of that 

event (PFRA, 2007). It is impacted by the antecedent moisture conditions in the basin and the 

magnitude of the snowfall/rainfall event.  As the magnitude of a flood flow increases (low 

frequency flood events) a greater percentage of the watershed contributes runoff, referred to as the 

contributing drainage area, due the fill and spill dynamics of prairie wetland until almost the entire 

drainage area is contributing runoff. An example is the Souris River 2011 summer flood, where the 

basin was saturated to the point where in portions of the watershed almost the entire gross drainage 

area was contributing flow to the mainstem of the Souris River. Figure 3.1 shows the natural non-

contributing drainage area of the Souris River basin. The determination of gross and effective 

drainage areas in the prairie provinces was initiated in 1970 by the Hydrology Division of PFRA 

(PRFA, 1983). The Souris River basin at the outlet has a gross drainage area of 62,453 sq. km with 

an effective drainage area of 22,186 sq. km.  

https://open.canada.ca/data/en/dataset/38d86b01-05c5-4763-aea6-4f3c62bac2a9
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Figure 3.1 Souris River basin natural effective and non-contributing drainage areas (PFRA, 1983) 

3.2.3 Non-Contributing Drainage Area 

Surface runoff on the prairies very often drains internally into topographic depressions, forming 

wetlands or sloughs that act as closed basins (Hayashi et al., 2003; Fang and Pomeroy, 2008). 

These depressions store surface water for long time periods (Shaw et al., 2012a,) and under normal 

conditions, internally drained basins are non-contributing to streamflow. After successive wet 

years when the storage capacity of many wetlands have been exceeded, causing a fill and spill 

process, runoff increases dramatically. Temporary streamflow networks can form, resulting in a 

dynamic increase in the contributing area for runoff (Shaw et al., 2012). As such antecedent soil 

basin storage conditions are a significant driver in high frequency precipitation events producing 

water volumes similar to low frequency, high volume runoff events. 

There is a complex relationship between wetland storage and contributing area. It was 

demonstrated to follow a hysteretic relationship (Shook et al., 2013). The relationship is explained 

by the fact that evaporation or seepage is taken from the water surface of a wetland at a slower rate 

than runoff is delivered from the wetland’s much larger drainage area. This memory explains the 

sudden conductivity between wetlands and the changes in contributing drainage during low 

frequency runoff events. The existence of the hysteresis indicates that a hydrologic model using a 
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single transfer function for basins affected by wetland storage does not accurately estimate the 

dynamic contributing drainage area. The changing connections among the wetlands can be 

simulated using a set of synthetic wetlands in a Pothole Cascade Model developed by Shook and 

Pomeroy (2011). The relationship indicates once wetland storage is filled above approximately 

85%, the contributing drainage increases dramatically (Shaw et al., 2012b,).  

The actual floodwater storage and the potential catchment contribution need to be examined when 

considering the flood reduction potential of wetlands (Huang et al., 2011). Isolated wetlands 

commonly are integral parts of extensive low systems. However, isolated wetlands can spill over 

their surface divides into adjacent surface-water bodies during periods of abundant precipitation 

and high water levels increasing the contributing drainage area.  

In reality, the non-contributing areas of basins in the region are dynamic and change with the 

amount of water in depressional storage (Stichling and Blackwell, 1957; Gray, 1964; Pomeroy et 

al., 2010; Shaw et al., 2011). Shook et al, 2013 felt the dynamic nature of the contributing area 

invalidates all conventional hydrological models which require a basin’s contributing area to be a 

fixed value. Wetland storage capacities in hydrologic models to simulate wetland-dominated 

basins would appear essential. 

3.2.3 Contributing Drainage Area Method  

Because of the complexity of determining the change in the contributing drainage area with the 

magnitude of a flood hydrologists have relied on a statistical approach over the years to determine 

the effect of agricultural drainage projects (Pentland, 1980). The technique is a generalized 

approach based on a contributing drainage area concept and implies drainage projects increase the 

drainage area directly contributing to flow. It is hypothesized that, at some extremely rare (high 

flood event) the contributing area becomes coincident with the gross drainage area. A runoff event 

with a recurrence interval of between 1:500 or 1:1000 (Pentland, 1980) is usually assumed to 

describe the event at which an entire prairie watershed might contribute to the runoff. However, 

the distinction between which of the two might be more applicable is a matter of judgment, based 

on watershed characteristics. 

This method along with its limitations is described as follows in the Upper Assiniboine River 

Basin Study, Appendix A (Manitoba Conservation et al., 2000). “Application of the technique is 

initiated by deriving a frequency distribution of pre- and post-drainage contributing areas on 

probability paper. First the pre-drainage effective drainage area is plotted at the median 

probability and is joined, by a straight line, to the gross drainage area which is plotted at an 

appropriate extreme probability position (commonly the 1:500 or the 1:1000 frequency is deemed 

appropriate based on the watershed characteristics). Next the post-drainage effective drainage 

area is plotted, also at the median point on the frequency curve and also joined to the gross 

drainage area by a straight line. There are now two frequency lines representing pre and post- 

drainage conditions starting at the median frequency and converging at the gross drainage area 

plotted at the extreme frequency side of the frequency distribution. Thus, for any required 

frequency the corresponding pre-drainage and post-drainage contributing drainage areas can be 

extracted. 
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Given a frequency curve of the pre-drainage flood volumes, a frequency curve of post-drainage 

runoff volumes can be developed. The post-drainage runoff volume for any selected frequency is 

derived as the product of the pre-drainage volume, for that frequency, times the ratio of the post to 

pre-drainage contributing drainage areas, for the corresponding frequency. It is evident that by 

using this technique, the effect of wetland drainage decreases as the event frequency decreases 

(i.e., a higher flood event) and the ratio of the post- to pre-drainage ratio approaches unity.  

There are several limitations to this technique, not the least of which is the subjective nature of the 

effective drainage area delineation. Furthermore, while the method is suitable for small 

watersheds its application to large, complex basins is precluded by the variation and complexity of 

the drainage patterns found in large basins. The main difficulty in large basins lies in the fact that 

within the effective drainage areas are many unaccounted for pockets of dead drainage. The 

technique neglects the fact that in large drainage basins much of the agricultural drainage which 

occurs is within the area defined as the effective drainage area and thus does not add to the pre-

drainage effective drainage area. 

Probably the greatest shortcoming is the simplistic assumption that drainage increases flow 

volumes. While drainage will not decrease runoff volumes, the magnitude of any increase depends 

on a number of factors in addition to drainage area. Another limitation of this technique is the fact 

that it does not and cannot account for changes in the hydraulic performance of the stream 

network that usually accompanies drainage projects. That is, not only is the effective drainage 

area increased, but the channel networks are “improved” in order to convey greater flows in a 

reduced time period without exceeding the bankfull capacity of the channel and causing flooding 

of adjacent agricultural land. Also not accounted for in this approach are any temporary storage 

ponds, control works, etc., which may be designed into a drainage project to mitigate any effects of 

increased flow rates. 

Finally, an inherent assumption in this technique is that the watershed at which streamflows have 

been recorded is hydrologically similar to the watershed of the drainage project. While 

hydrologists attempt to select the most appropriate streamflow station, there is often only a limited 

selection from which to choose. Field observation of the watershed of the streamflow station 

and/or the drainage project may not be possible, and there is rarely an opportunity to confirm the 

findings of this approach by field measurement or observation of flows in the drained watershed. 

Notwithstanding the limitations of the drainage area technique, for many applications involving 

smaller prairie watersheds, it is the only practical method available. The Prairie Provinces Water 

Board (PPWB) agreed to use this approach as an interim working procedure to assess the post-

drainage runoff problems until research studies determined the effects of artificial drainage on 

downstream flow in prairie streams.”  

3.2.4 Hydrologic Modelling Flood Studies 

The 2011 Flood on the Souris and Assiniboine Rivers and Lake Manitoba Basins raised concerns 

that artificial drainage had significantly increased the severity of the event. Some contended that 

what was already a significant flood was compounded by the elimination of wetlands from 

agricultural lands as their natural features and processes that could have helped buffer against such 
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an event had been lost. A fairly extensive literature review was undertaken on the role of wetland 

drainage in flood attenuation, during the Assiniboine River and Lake Manitoba Basins Flood 

Mitigation Study (KGS Group, January 2016).  The study found, most evidence of the effects of 

wetlands is derived through hydrologic modelling and empirical studies. Some modeling studies 

have shown that wetland drainage increases stream flood frequencies and magnitudes (Gleason et 

al., 2007; Yang et al., 2010). The Prairie Hydrological Model (PHM) developed and tested on the 

Smith Creek Research Basin (Pomeroy et al., 2014) was critiqued. The Prairie Hydrological Model 

included hysteretic relationship between wetland storage and runoff contributing area (Shook et 

al., 2013) and was felt to represent the most advanced research on hydrologic modelling of 

dynamics of prairie wetlands.   

A review of the available literature since the KGS Group study indicated no further development 

on PHM and a few additional studies that had used the Soil and Water Assessment Tool (SWAT) 

to assess the effects of wetland restoration. Based on this the KGS Group study was considered to 

cover the most recent research on the topic of the flood attenuation of effects of wetlands. Thus, 

KGS Group’s findings were presented as follows: 

Table 3.1 summarizes the findings from the various modelling studies examined by KGS Group. 

The finds suggested that “a wetland’s ability to attenuate peak flows appears to be highest for high 

frequency, low to medium precipitation events that occur when there is a large capacity for water 

storage. Flood attenuation ability is lowest for low frequency events, particularly following a long 

period of high precipitation where the capacity for water storage is low. Also, wetland drainage 

results in increased seasonal and annual water yields. However, very few studies differentiate the 

increase in runoff between high and low frequency flood events. It would appear that the 

percentage increase in runoff volume decreases with the severity of the flood event”. However, 

few of the modelling studies accurately estimate the dynamic contributing drainage area of the 

prairie wetland landscape.  Therefore, the results need to be interpreted with caution.  

“Studies on flood attenuation focus a lot on flood peak and total flood volume reduction but less 

on flood peak timing. Flood timing can be critical in determining the success of a flood mitigation 

strategy, and it is definitely an aspect that has been understudied in relation to wetland drainage. 

The location of the wetland drainage has a significant impact on the peak. Also, the percentage of 

change in peak flow rate cannot be directly converted to a change in river stage, as at higher flow 

rates the river channel normally has more flow capacity” 

The KGS Group finding of increasing runoff with drainage intensity is well supported in most 

recent literature. Recent research conducted in the Pipestone Creek (SK) watershed by Perez-

Valdivia et al., (2017), determined that reducing non-effective contributing areas through wetland 

drainage greatly increased effective contributing areas and resulted in higher peak flow and total 

annual discharge volumes. 
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Table 3.1 Summary of Quantified Wetland Drainage Impacts Studies (KGS Group, 2016) 

Watershed 

Drainage 

Area 

(sq. km) 

Degree of 

Drainage 

Impact on Peak Flow Rate Impact on 

Runoff 

Volume 

Impact on 

Flood Peak 

Timing 
High 

Frequency 

Moderate 

Frequency 

Low 

Frequency 

Devils Lake      

Decrease equal to 

25% of the restored 

volume 

 

Little Cobb 

River, MN 
868.7 

10% to 40% 

internally drained 

37%-57% 

increase 
 

Negligible 

effect 
n/a 

 

 

Maple River 4,144 

0.25% of 

watershed 

Drained 

24% 

increase 
 

6% 

increase 
  

Rat River 

Watershed 
1,550 

Sensitivity 

analysis 2%, 5% 

and 10% increase 

in wetland area 

  
Negligible 

effect 

Decrease proportional 

to % increase in 

wetland area 

 

No impact on 

date of peak 

Broughton’s 

Creek 
251.9 

519 hectares or 

70% of the 

wetlands 

degraded or lost 

37% 

increase 
  62% increase  

Redwood 

River, MN 
1813 Restored wetlands 

23%* 

decrease 

11%* 

decrease 

10%* 

decrease 
  

Boone 

River, IA 
984 Restored wetlands 

9%* 

decrease 

7%* 

decrease 

5%* 

decrease 
  

Smith Creek 435 

Reduction in 

wetland from 17% 

to 9% (during 

1958 to 2001) 

30% to 50% 

increase 
Negative 

10%* 

increase 

PP% increase in long 

term average 
 

Fisher River 2,200 

Reduction in 

wetlands and 

water body areas 

16.6% to 14.0% 

from 1992 to 

2002 

 
2.90% 

increase 

5.50% 

increase 

5% increase for 

moderate frequency 

flood event 

4% for low frequency 

flood event 

No impact on 

date of peak at 

watershed 

outlet 

Mustinka 

Sub-basin  
527.8 Restored wetlands    

Potential to store 12% 

to 21% of the total 

precipitation 

 

Hamden  

watershed, 

MN 

26 Restore wetlands 
18% to 80% 

decrease 
 Not affected  

1% to 6% decrease 

during low frequency 

flood events, 31% 

decrease in average 

flow 

 

Otter Tail 

River,  MN 
4,506 

1513 wetlands 

covered 27%  

 

Loss of the first 

10% to 20% of 

wetlands 

 

40% 

increase 
    

Note: *Assumes average soil moisture conditions. 
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3.2.5 Prairie Hydrological Model 

A Prairie Hydrological Model (PHM) was developed and tested on the Smith Creek Research 

Basin (Pomeroy et al., 2014).  The location of the watershed is show on Figure A. PHM represents 

the most advanced hydrologic research on the modelling of the impact of prairie wetlands on 

flooding. PHM includes the hydrologic processes of the prairies along with the hysteretic 

relationship between wetland storage and runoff contributing area (Shook et al., 2013).  The Smith 

Creek basin was selected as a research basin as it undergone extensive wetland drainage since 

the1950s. Smith Creek is Saskatchewan tributary entering the Assiniboine River in Manitoba just 

below Lake of the Prairies in the Upper Assiniboine River basin. 

The Smith Creek watershed has a drainage area of 393.4 km2 (151.9 mi²) and is relatively flat, with 

slopes fluctuating from 2% to 5% and elevations ranging from 490 m to 548 m (1608ft. to 1798ft.). 

Smith Creek basin has undergone substantial artificial drainage from 1958 when it contained 96 

km2 of wetlands covering 24% of the basin area to the existing (2008 measurement) 43 km2 

covering 11% of the basin. Figure B shows the Smith Creek basin wetland areas and drainage 

channels in 1958, 2000 and 2009 as determined by aerial photograph analysis. 

The Prairie Hydrological Model was used to simulate streamflow runoff from Smith Creek 

watershed for six years (2007–2013), with good performance when compared to field 

observations. Smith Creek measured streamflows over this period included the highest annual flow 

volume on record (2011) and high flows from heavy summer rains in 2012. Results from this 

model indicate that both annual discharge and peak daily streamflow have a high sensitivity to 

wetland drainage in years that were not preceded by exceptionally wet conditions. 

In the study, historical wetland drainage was found to significantly increased peak discharges and 

total volumes of water. For 2011, the flood of record, drainage resulted in simulated increases of 

32% in the annual flow volume. Results from this model also indicate that both annual discharge 

and peak daily streamflow have a high sensitivity to wetland drainage in years that were not 

preceded by exceptionally wet conditions. The wetland drainage that has occurred between 1958 

and 2008 in the Smith Creek basin has resulted in markedly higher annual flow volumes.   For 

moderate to low flow years, drainage increased annual flow volumes by very large amounts (200% 

to 300%).  

Although the PHM represents a significant advance in the science there is still a need to consider 

the hydraulic impacts of roadway crossings that restrict flow and cause backwater storage effecting 

floodplain storage once flows exceed channel capacity and their effect on the timing of the runoff 

(AECOM, 2009).  Application of the model in the Red River basin recognized the need for 

improving its dynamic routing (Cordeiro, 2017).  
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Figure A. Location of Smith Creek basin in southeastern Saskatchewan with the basin 

contributing areas and agricultural zone of the Canadian Prairies outlined.  

Figure B. Smith Creek basin wetland areas and drainage channels in 1958, 2000 and 2009 as 

determined by aerial photograph analysis by DUC and mapped onto the drainage basin area 

determined by Pomeroy et al. (2014) using a high resolution LiDAR-based digital elevation 

model.  
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3.2.6 Summary  

In terms of water quantity, many studies have demonstrated the role of wetlands in mitigating peak 

flows and total discharge volume (Pomeroy et al., 2014; Wang et al., 2010; Yang et al 2010). 

However, other studies have questioned the role of wetlands in moderating discharge, especially 

under extreme events (Ehsanzadeh et al., 2016; and Ehsanzadeh et al., 2012). However, it would 

appear that: 

 Reducing non-contributing drainage area through wetland drainage increases effective 

areas and results in increased seasonal and annual water yields. However, it appears that 

the percentage increase in runoff volume decreases with the increase in severity of the 

flood event. 

 Wetland drainage has the greatest impact on the more frequent flood events. 

 Most studies demonstrate that in extreme flood events, such as in 2011, wetland drainage 

has a small to negligible incremental impact on the peak flow. 

3.3 Subsurface (Tile) Drainage  

Subsurface drainage is buried pipelines that intercept water below ground surface and direct it to 

an outlet. In agriculture, tile drainage is used to control water table elevations where the water 

table rises close to the surface before, during or after the growing season. This water is generally 

not removed in a timely manner by surface drains. Tile drainage controls high water tables that 

affect planting, cultivation or harvest conditions and/or remove excess salt that accumulates 

(Rahman, 2013(August)). 

Some important factors that will determine the impact of tile drainage on downstream flow and 

flooding include soil types, rainfall (or snowmelt) amount and intensity, point of interest (near the 

field outlet or over a larger watershed), time frame of interest, existing soil moisture conditions, 

and the extent of surface drainage (including surface intakes) and channel improvements. Because 

of the many factors and complexity involved, computer models are used to help understand how 

drainage impacts hydrology. The following information of the impact of soil types, rainfall (or 

snowmelt) amount and intensity was obtained from the North Dakota State University 2015 

document “Frequently Asked Questions about Subsurface (Tile)”. 

3.3.1 Impact of Soil Types 

Peak discharge during a storm event is heavily influenced by the soil types: 

 In lower hydraulic conductivities (such as clay) tile drainage will lower the water table, 

which increases soil water storage capacity and infiltration. This reduces the amount of 

surface runoff and the peak flows coming from the field. Peak flows tend to be reduced by 

routing more of the rainfall through the soil matrix and increasing lag time. However, 

during small precipitation events or during intense rainfalls with multiple peaks drains may 

increase the peak flow. Rainfall regimes do influence the hydrologic response, though a 

basin’s soil properties remain the dominant factor. 
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 In soils with higher hydraulic conductivities, such as sand, tend to increase peak flows 

during precipitation events. Soils with high hydraulic conductivities naturally have a high 

infiltration rate. Therefore, during an average precipitation event a large portion of the 

water is infiltrated and stored until it is eventually released through lateral seepage. By 

adding tile drains, this stored water is allowed a much quicker means of escape and is 

added to the streamflow, creating a flashier responses to precipitation events. On the 

contrary, drains decrease the peak flow in sand during intense storm events. 

3.3.2 Impact of Rainfall (or Snowmelt) Amount and Intensity 

 For small to moderate rain or snowmelt events, tile drainage may help reduce downstream 

peak flows that are often a concern for flooding. Discharge from tile drainage occurs during 

a longer time period than surface runoff, however, base flows (streamflows between storm 

or snowmelt events) tend to increase from tile drainage. 

 For large rain or snowmelt events or extended rain events on wet soils that exceed the 

infiltration capacity of the soil, which are typically related to catastrophic flooding, stream 

flows are driven by surface runoff, and tile drainage has minimal impact on downstream 

flow and flooding. 

 Large rainfall events tend to exhaust the soil storage capacity very quickly thus routing 

excess water out of the system via surface runoff. The tiles have a maximum carrying 

capacity and their contribution to the streamflow is negligible compared to the rapid 

surface runoff during large storm events. Therefore, maximum annual peak flows are not 

significantly impacted by additional subsurface drainage (Sheler, 2013).  

3.3.3 Extent of Subsurface Drainage  

Clay and loam have similar hydraulic conductivities and therefore respond to drainage in similar 

ways. By adding drains to these, flashiness can be reduced by up to 40%. Draining soils with 

higher hydraulic conductivities (sand and silt) only reduces the flashiness by up to 34%. Also, 

drained soils with higher hydraulic conductivities (sand and silt) show more sensitivity to the 

distance between tiles (Sheler, 2013). 

For large watershed scales, the complexity increases greatly with more variation in all of the 

factors contributing to stream flow, and thus, isolating the impacts of tile drainage at these scales 

becomes much more difficult. Local hydrologic effects are dampened at larger watershed 

scales (UME, 2019). Therefore, the influence of tile drainage on stream flow and flooding at these 

larger scales is not yet well-understood. A recent study (Rahman et al, 2013) modelled two 

scenarios, 13% and 40% of the Upper Red River valley above Fargo with subsurface (tile) 

drainage. The results compared to the baseline condition of 1.6% subsurface drainage indicated 

that under the 13% scenario there were not any significant differences in streamflow 

characteristics. However, under a 40% scenario tile drainage would likely be noticeable changes in 

the streamflow characteristics.  

The magnitudes of smaller floods are likely to increase while the magnitudes of larger floods 

decrease. The reduction in the peak for large floods was from reduced flow volumes rather than 

https://extension.un.edu/agricultural-draage/impact-agricultural-drainage-minnesota
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increasing the time-to-peak of the hydrograph. More water is moved from the watershed in the fall 

season, creating more storage capacity in the soils. However, the increase in storage capacity in 

soils had negligible effect in reducing the monthly flow volumes in the following spring 

(Mohammed et al., 2013.  

3.3.4 Water Yield 

Studies based on computer modeling suggest that the water yield (surface runoff plus tile and 

shallow groundwater flow) with tile drainage will be similar to the water yield without tile 

drainage. Some studies have shown some increase (on the order of 10%) in overall water yield 

from tile drainage, while others have shown no change or even a decrease. These studies, however, 

have not been verified with field data. Although tile drainage may contribute to local water yields 

their downstream effects will diminishing with increasing watershed size (Schillin, 2019).  

3.3.5 Summary 

Hydrologic response of tile drainage is impacted by the soil type (clay versus sandy) and the 

amount and intensity of the precipitation. Generally: 

 Tile drainage has the potential to result in a minor increase in water yield similar to surface 

drainage  

 In clay soils peak flows tend to be decreased, whereas, in sandy soils peak flows tend to be 

increased. 

 The impact of precipitation: 

o For small or moderate events, subsurface drainage may help reduce downstream 

peak flows. 

o For large events or extended events when the infiltration ability of the soil is 

exceeded, tile drainage has minimal impact on downstream flow and flooding. 

3.4 Water Quality  

Artificial drainage water can be a source of nutrients, salts, and other contaminants that can 

deteriorate water quality. Drained water will eventually reach downstream wetlands, creeks, rivers, 

or lakes. These water bodies are used for drinking water, irrigation, industrial use, and/or 

recreation activities, and most sustain aquatic ecosystems. The Souris River basin (SRB) is 

characterized by high nutrient concentrations. Of particular concern is the fact that nutrient loads 

were increasing substantially in the Souris River basin (Bourne et al., 2002). In a recent study 

(Badiou et al., 2018), the average nutrient exports measured in nine Souris River sub-basins were 

three to four times higher than the average for the period 1994 and 2007. Phosphorus plays a 

critical role as the limiting nutrient for aquatic ecosystems. The Souris River is no exception. The 

soils in the Souris River basin have high levels of natural phosphorus and runoff from them can 

become the main source of excess phosphorus causing deteriorated water quality and aquatic 

ecosystems.  
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3.4.1 Water Quality Parameters 

In general, wetlands have been shown to be an effective means of improving water quality through 

the capture of sediment and reduction of nutrient levels in outflows, although long-term 

performance is not well documented yet in the scientific literature (Land et al., 2016). 

The following is a list and brief description of key water quality parameters. 

Nitrates: Wetlands have been demonstrated to be highly effective in reducing both total nitrogen 

(TN) and nitrate levels through the process of denitrification. Wetlands can reduce nitrogen (N) 

levels by up to about half. Reduction of the various forms of phosphorus in wetland outflows 

appears to be more variable among wetland types and environmental conditions. The removal 

efficiency of nutrients was correlated with inlet nutrient concentration, nutrient and water loading 

rate, water retention time, and wetland area. (WMAO, 2016).  

Nitrogen (N) as nitrate is highly soluble and readily leaches through the soil profile. Excess N in 

surface water may be a concern for aquatic life, and nitrate contamination can be a concern for 

groundwater potability. 

Phosphorous (P):  Drainage facilitates the transfer of P from agricultural landscapes to surface 

waters. Draining wetlands has likely converted areas that acted as important P sinks to sources of 

P. The most important processes for the long-term retention of P in wetland systems are the 

sedimentation of particulate P and the sorption of soluble inorganic P to wetland sediments. Intact 

prairie wetlands may be effective sinks for P, indicating they may play an important role in 

mitigating nonpoint-source pollution. Conversely, drained prairie wetlands are potentially a high 

risk for P export and should be treated as important critical source areas within prairie watersheds 

(Badiou et al., 2018).   

Phosphorus is less mobile in soils than nitrate-nitrogen and as a result is concentrated near where it 

is applied or released from decaying vegetation. In non-tiled fields P is lost to surface waters via 

surface runoff as either dissolved P or particulate P during soil erosion. Tile drainage increases 

infiltration, reducing particulate P losses due to decreased soil erosion and surface runoff. Losses 

of dissolved phosphorus may be reduced during rain events on thawed soils when rain infiltrates 

the soil and is drained via the tile lines. However, under current conditions most runoff and P loss 

in Manitoba occurs during spring snowmelt when soils are frozen (Flaten, 2016). 

Salinity: Salt concentrations in tile drainage water are higher than in surface runoff because water 

will dissolve salts as it moves through the soil to the tile line. In most cases, the resulting 

concentrations are low enough that impacts to receiving waters are negligible. However, in fields 

with elevated salinity or saline groundwater, the tile outflows can carry significant quantities of 

salts.  

Insecticides: Neonicotinoid insecticides (neonics) are commonly used as seed treatments for major 

crops such as corn, soybean and canola. Due to their high water solubility and persistence in soil, 

these chemicals may be transported via tile drainage water from the soil to surface waters.  
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Nutrients loads: In the Souris River basin nutrient loads appear to be largely dominated by total 

dissolved nutrients (Badiou P, 2018 (April)). For six of the sub-watersheds (Antler, Lightning, 

Wintering, Graham, Medora, and Elgin) total dissolved phosphorus loads generally comprised in 

excess of 70% of total phosphorus loads and in many cases comprised in excess of 90% of loads. 

Similarly, across all nine sub-watersheds studied, total dissolved nitrogen generally accounted for 

greater than 80% of total nitrogen loads. 

3.4.2 Wetland Functions 

Wetlands act as a trap for nutrients, salts and bacteria. Variations in salts and dissolved organic 

carbon (DOC) loads were linked to hydrological processes whereas variations in nitrogen, 

phosphorus, and bacteria loads were associated with both biotic and hydrological processes. The 

major inorganic nutrients entering wetlands are nitrogen and phosphorus. In the wetland, nitrogen 

and phosphorus are removed from the surface water and transferred to the sediment, wetland plants 

or atmosphere. Losses of nitrate, a mobile form of N, to water systems because of drainage 

are of concern. Wetlands hold runoff waters and release it gradually, improving water quality 

by filtering nutrients and some pollutants. Draining wetlands has the inadvertent effect of 

sending nutrients, sediments and other pollutants downstream, along with the additional water 

volume.  

Artificial drainage systems can have a significant impact on water quality because they behave like 

shallow, direct conduits to surface waters. Westbrook (2011) found wetland water quality is an 

important control of water quality in downstream drainage waters as the outlet drain acted as a 

simple conduit, with little loss or gain of solutes along its length. Thus, the effectiveness with a 

wetland is drained and its water quality characteristics are the factors critical to determining solute 

exports via downstream watercourses. Drainage ditches were found to export greater Total 

Dissolved Nitrogen (TDN) than natural spills with nearly all water quality parameters studied 

higher in streams draining sub-basins with greater wetland drainage. 

There has been considerable research regarding the longevity, seasonality, and retention time 

required for wetlands to be effective. For example, Fisher and Acreman (2004) studied 57 

wetlands around the world to determine their nutrient removal efficiency. They found that 80% of 

the wetlands studied exhibited nutrient retention. Where N and P concentrations were increased, 

they found that the variability between the wetlands was very high and that there was generally an 

increase in soluble species rather than particulate. Uusi-Kämppä (1997) also showed that the 

retention of soluble P is much less efficient than the retention of particulate P in many wetlands. In 

a study by Jordan et al. (2003), a 1.3 ha restored wetland receiving agricultural runoff was tested 

for removal efficiency under unregulated inflow conditions. Jordan’s results showed that the 

wetlands ability to remove materials was likely reduced due to the high variability of inflows; 

however the wetland still reduced non-point source pollution to some degree. 

Phosphorus, organic nitrogen and some metals (iron or aluminum) usually attach to sediment and 

are carried by runoff to the wetland (Miller, 1990). By holding water, a wetland allows sediment 

and large particles to settle on the wetland bottom. The root systems of wetland plants then absorb 
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nutrients from the sediment. Much like phosphorus, some pesticides also bind to sediment 

materials.  

The ability of wetlands to transform and store phosphorus (P) is generally much lower than that of 

nitrogen (N), and long term P retention is generally poor. A study (White, J.S., and S.E. Bayley) of 

a large northern prairie wetland indicated that the marsh removed 87% of influent ammonia, 80% 

of nitrate, and 64% of P annually. Nutrient retention was attributed to shallow marsh depths and 

long residence times which allow more contact with soil and biota. Generally, sites that provided 

the best treatment were those with more diverse plant communities.  

A study (Liu Y. et al., 2014) of small dams on the Manitoba Escarpment showed a daily peak flow 

reduction of 0 to 14% at the watershed outlet with a reduction of sediment, TN, and TP at the 

South Tobacco Creek of 4.51, 3.59, and 2.96%, However, on-site reduction rates of sediment, TN, 

and TP for those reservoirs with relatively long retention time and large retention storage were 

much higher than the reduction rates at the watershed outlet. The back-flood dams had higher 

impact on sediment, TN, and TP reduction followed by multipurpose and dry dams. The reduction 

rate was closely related to the dam characteristics with the higher the ratio between reservoir 

surface area and reservoir contribution area, the greater the relative pollutant reduction rate at the 

dam site. An inter-annual analysis showed that greater sediment, and TP abatement amount in the 

reservoirs occurred in wet years with larger flow volume but the relative reduction rate was much 

lower. Donald et al (2015) found that for large lakes and reservoirs in the Lake Winnipeg basin 

with water residence times of >0.55 years significant sequestered occurred. Twelve reservoirs in 

the Saskatchewan River sub-basin collectively sequestered 92% of the TP inputs and 68% of the 

TN inputs to the sub-basin.  Patoine et al. (2006) determined 89% of summer N inputs, were 

sequestered into Lake Diefenbaker. Nutrient management initiatives upstream of large lakes and 

reservoirs appears to have minimal nutrient reduction benefit downstream on Lake Winnipeg. 

3.4.3 Annual Nutrient Load 

Annual nutrient load is a function of annual flow. A study of Broughton’s Creek watershed 

wetland loss since 1968 indicated a 31% increase in the effective drainage area (Yang et al. 2008).  

This resulted in a 30% increase in water flow with a 31% increase in nitrogen and phosphorus 

load, 41% increase in sediment loading (average annual). Yang et al. (2012) provide estimates of 

the phosphorous load in Smith Creek under the various scenarios. For a wetland loss of 25% of 

wetlands, there would be a resultant 11% increase in the annual total phosphorous (TP) loading; 

this quantity would increase to 145% under complete wetland loss.  

An analysis (Pascal et al., 2108 (May)) indicated nutrient export increased linearly with water 

yield. The nine Souris River basin sub-watersheds exhibited fairly consistent chemo static 

behaviour suggesting that the Souris River basin has reached a state of biogeochemical stationarity 

and is therefore transport limited with respect to nutrients. Therefore, nutrient export increased 

consistently with the proportion of sub-watershed’s wetland cover lost. 

3.4.4 Surface versus Subsurface Drainage  

Surface and subsurface drainage affect water quality differently: 
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 Surface drainage may increase losses from surface runoff primarily sediment and 

phosphorus. 

 Tile drainage may reduce surface runoff pollutants, but may increase dissolved nutrients 

such as nitrate. Tile drainage is a highly visible water pathway that transports nitrate from 

the landscape to surface waters. Tile drainage may either decrease particulate losses due to 

decreased surface runoff or may increase total P loads due to increased total flow. 

 Salt concentrations in tile drainage water are higher than in surface runoff because water 

will dissolve salts as it moves through the soil to the tiles. Except in fields with elevated 

salinity or saline groundwater, concentrations from tile drainage are low enough that 

impacts to receiving waters are generally negligible. 

 

In general, phosphorus and sediment losses via surface runoff are lower from tile-drained fields, 

while losses of nitrate-nitrogen and other dissolved constituents in the root zone are greater. The 

extent of the increase or decrease of these constituents also depends on farm management 

practices, and the magnitudes of the losses are highly variable from year to year (NDSU).  Due to 

both decreased surface runoff and increased infiltration, tile drainage can reduce soil erosion, 

phosphorus (P), potassium (K) and pesticide losses from fields by as much as 40, 48, 29, and 35% 

respectively (Heather Fraser et al, 2001).  

Surface runoff and subsurface drain flow is generally highest in the spring and lowest during the 

summer. Eastman, M., A. (2010) found surface runoff was significantly reduced due to increased 

infiltration caused by the subsurface drainage. In the clay loam sites, outflow from the subsurface 

drained fields was four times higher than the outflow from the naturally drained fields. Subsurface 

drainage and surface runoff contributed equally to phosphorus transport in the clay loam soils; 

however, the high peak P concentrations observed in surface runoff was not observed in subsurface 

drainage. Total P loss from surface runoff was slightly greater than TP loss in subsurface drainage 

water even though flow volumes were much greater in subsurface drainage. In general, TP loss 

was greater at the clay loam sites than sandy loam sites, which was suggested to be the result of 

preferential flow through micro and macro pores in the clay loam sites. While particulate P was the 

dominant form of P loss in the clay loam soils, phosphorus was predominantly lost as dissolved P 

in the sandy loam soils. The Eastman study suggested that, “the construction of subsurface 

drainage in sandy loam soil would greatly reduce the likelihood of surface runoff occurrence, and 

thus minimize the likelihood of high concentration discharges of P into surface waters”.  

For Lake Erie (Internal Joint Commission, 2018), phosphorus transported through tile drains may 

be an important contributor to algal blooms. Although dissolved and particulate phosphorus 

loadings from subsurface tiles are small as a proportion of P applied, the widespread prevalence of 

tiling suggests a substantial cumulative effect. Multiple factors can potentially influence the 

amount of nutrient loss from fields, including type of crop and rotation patterns, tillage practices, 

soil type and texture, slope, artificial drainage, fertilizer type and application approach (e.g. rate, 

timing), and hydrology (e.g. related to weather and climate) (Sharpley and Jarvie, 2012). Two key 

farm practices relevant to phosphorus export are extent of artificial drainage and conservation 

tillage (Jarvie et al., 2017). Climate change is expected to influence P export to the Lake Erie. One 

study found about one-third of the increased dissolved reactive phosphorus (DRP) load of the 

Maumee River since 2002 is attributable to higher runoff volumes, and researchers have noted that 
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a continuing trend of increasing river discharge substantially complicates the ability of nutrient 

management to reach load reduction targets.  

Other land management practices: reduced tillage to minimize erosion and particulate P loss, and 

increased tile drainage to improve field operations and profitability can inadvertently increase 

labile P fractions at the soil surface and transmission of soluble P via subsurface drainage (Jarvie et 

al. 2017). 

There is ongoing research on tile drainage best management practices happening at the University 

of Manitoba.  Research shows the advantage of controlled tile drainage over freely draining 

systems in reducing the export of nutrients and salts (Satchithanantham et al. 2014).  

3.5 Additional Factors 

While wetland drainage impacts streamflows and water quality in the Souris River basin, it is 

difficult to disaggregate its changes from land use and tillage practices, climate change and other 

factors that are occurring in the basin. 

To disentangle the effects of climate and land‐use, the changes in precipitation, crop conversions, 

and extent of drained depressional areas were compared in 21 Minnesota watersheds over 70 years 

(Schottler et al., 2013). Watersheds with large land‐use changes were found to have increases in 

seasonal and annual water yields of greater than 50% since 1940. On average, changes in 

precipitation and crop evapotranspiration explained less than one‐half of the increase, with the 

remainder highly correlated with artificial drainage and loss of depressional areas.  

Van Der Kamp et al. (1999) found that adopting farming practices which represent a land use 

approaching ‘natural or original’ prairie conditions has the potential to reduce runoff. The study 

looked at 10 small wetlands located in the St. Denis Wildlife Area near Saskatoon. Wetland water 

levels had been recorded there for 30 years beginning in 1968. In the early 1980s the uplands of 

some of the wetlands were converted to permanent grass cover as nesting cover for wildlife. In the 

initial years after conversion higher runoff rates were observed than in the adjacent unconverted 

watersheds. However, after a few years, runoff rates from the converted watersheds were 

substantially less than the in the unconverted watersheds. This had profound effects on the 

hydrologic balance of the wetlands. From 1987 onwards, wetlands in the grassed areas became 

much drier. In fact some wetlands dried up and remained dry even in years of heavy precipitation. 

Since the 1980s there has been shift from conventional to conservation tillage. Tiessen et al (2010) 

found conservation tillage reduced the export of sediment in runoff water by 65%. Concentrations 

and export of nitrogen were reduced by 41 and 68%, respectively. After conversion to 

conservation tillage, concentrations and exports of phosphorus (P) increased by 42 and 12%, 

respectively, with soluble P accounting for the majority of the exported P, especially during 

snowmelt. This suggest that management practices designed to improve water quality by reducing 

sediment and sediment-bound nutrient export from agricultural fields and watersheds can be less 

effective in cold, dry regions where nutrient export is primarily snowmelt driven and in the 

dissolved form.  
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The road network has had an effect of the ability of individuals to drain by providing an outlet for 

their drainage works. Manitoba Conservation et al. (2000) concluded that changes in land cover 

including increased road development increased runoff volumes over what would have occurred 

naturally. “The development of an extensive road infrastructure within the basin plays an 

important role for agriculture but this same road network may also have an effect on the hydrology 

of the basin. The design and construction of roadways require drainage of the road bed. These road 

ditches are linked to natural runs and watercourses. Thus, surplus water is removed from the road 

edges. It is also possible to drain wetlands that are in the close proximity to these ditches”. 

The hydrological impact of climate and land use change was examined (Pomeroy et al. 2015) on 

Smith Creek which is an agriculture and wetland dominated watershed. Pomeroy stated that 

“climate has brought on a gradual increase in the rainfall fraction of precipitation (no trends in 

total precipitation) and an earlier snowmelt by two weeks. The number of multiple-day rainfall 

events has increased by half, which may make rainfall-runoff generation mechanisms more 

efficient”. The study demonstrated that variations in weather have changed the runoff pattern but 

that it is unlikely that any single change can explain the dramatic shift in Smith Creek basin’s 

surface hydrology.  

The change in weather in the Souris River basin by the increased frequency of summer rainfall as 

illustrated by the streamflow records for Gainsborough Creek near Lyleton (05NF007). As 

indicated by Figure 3.2, runoff from summer rainfall events has been significantly more the last 20 

years compared to the prior 40 years. 

 

Figure 3.2 Gainsborough Creek near Lyleton June-September Volume 
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3.6 Discussion 

The natural functions of wetlands can be altered or impaired by artificial drainage. Although slow 

incremental changes in the natural landscape can lead to small changes in wetlands, the 

accumulation of these small changes can permanently alter the wetland function (Brinson, 1988). 

Although hydrologic conditions are paramount to the maintenance of a wetland, it is often more 

difficult to evaluate hydrology than it is to assess substrate or biota (National Research Council, 

1995). There has been extensive research over the past decade to understand the hydrologic 

function and water quality process of prairie wetlands. Examples are the research on Smith and 

Broughton Creek watersheds. There have been advances in the hydrologic modelling of the prairie 

wetland environment with the development of the Prairie Hydrologic Model (Pomeroy et al., 

2014). However, continued testing and development of the Prairie Hydrologic Model is needed, 

particularly due to the lack of hydraulic controls in the model.  

Draining wetlands has the effect of sending nutrients, sediments and other pollutants downstream, 

along with the additional water flow which has the potential to increase flooding and degrade 

ecosystems. This water eventually reaches rivers and lakes used for drinking water, irrigation, 

industrial use, and/or recreation activities, and aquatic ecosystems. Phosphorus plays a critical role 

as the limiting nutrient for aquatic ecosystems. The Souris River is no exception. 

Retention time determines the effectiveness of wetlands, lakes and reservoirs in reducing nutrients. 

Donald et al (2015) found that for large lakes and reservoirs in the Lake Winnipeg basin are 

sequestering significant amounts of nutrients. In the Souris River basin, Rafferty and Grant Devine 

Reservoirs may be sequestering significant amounts of the nutrients from the upstream 

Saskatchewan watersheds including wetland drainage. Controlled drainage may provide a similar 

function. Satchithanantham et al. (2014) found on average, controlled subsurface drainage reduced 

the flow volume compared to free drainage with lower average nitrate concentrations. 

Saskatchewan is placing greater emphasis on the use of controls on drainage outlets to mitigate 

downstream impacts. 
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4 Quantification of Artificial Drainage in the Souris River 

Basin 

4.1 Introduction 

This section examines the extent of artificial drainage in the Souris River basin. Artificial drainage 

has been ongoing for decades. The purpose of the retrospective view of drainage in the basin is to 

bring perspective to, and help characterize, the current artificial drainage issues in the basin. For 

the current state of drainage, wetland inventories of drained and existing wetlands were available 

for the majority of the basin. Areas of intensive artificial drainage in the basin were identified. The 

impact of artificial drainage on the non-contributing drainage area was examined.  

4.2 Wetland Inventory 

Work has been ongoing to complete and harmonize the wetland inventory for the Souris River 

basin (SRB). Approximately 94% of the basin is now covered by high resolution wetland 

inventory data as shown on Figure 4.1. For the United States potion a complete wetland inventory 

exist from the National Wetland Inventory (NWI). In the Canadian portion there are gaps in the 

Canadian Wetland Inventory (CWI). The National Wetland Inventory was merged with the 

Canadian Wetland Inventory to produce likely the largest international basin within the prairie 

ecozone with a seamless and nearly complete wetland inventory. The source of two datasets are 

described in the Ducks Unlimited Canada report (Badiou P, et al. 2018). Once completed the 

wetland inventory will help address inter-jurisdictional issues in the Souris River basin. The 

Canadian Wetland Inventory data features completely and partially drained wetlands. These 

wetlands have been mapped in Figure 4.2. From Figure 4.2, it appears wetland drainage is 

prevalent through the mapped portion of the Canadian basin.  

A major problem regarding of the used of the wetland inventory is the varying photo imagery dates 

it is based on. There is not a common reference time period for the data. The NWI data is based on 

circa 1983 imagery.  Whereas, for the Saskatchewan portion imagery for the years 2006, 2009, 

2011, 2017 and 2018 as shown on Figure 4.1. For Manitoba, 2009 imagery was the bases of the 

CWI data.  Another difference between the NWI and CWI data is the CWI features drained 

wetlands and agricultural drainage features.  
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Figure 4.1 Souris River basin Wetland Inventory Coverage Photo Imaging Years 
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Figure 4.2: CWI completely and partially drained wetlands.
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4.3 Ducks Unlimited Canada Wetland Change Study 

Historic wetland change was examined by Ducks Unlimited Canada (Badiou et al, 2018) for nine 

sub-watersheds of the Souris River basin, three in Saskatchewan, (Antler River, Lightning Creek, 

and Pipestone Creek), three in North Dakota (Des Lacs River, Willow Creek, and Wintering 

River), and three in Manitoba (Elgin Creek, Graham Creek, and Medora Creek). The nine 

watersheds were selected based on the availability of water quantity/quality data. The location of 

nine watersheds is shown in Figure 4.3.  

The historic baseline was established using historical air photos from 1958 (July and October) 

for Antler River (SK), Lightning Creek (SK), Graham Creek (MB), Medora Creek (MB), and for 

Elgin Creek (MB). For Pipestone Creek (SK) baseline conditions were established using 

historical air photos from October 1965 and July 1966. For Graham Creek (MB), Medora Creek 

(MB), and for Elgin Creek (MB) 2009 air photo imagery was used for current conditions. Antler 

River (SK), Lightning Creek (SK) and Pipestone Creek (SK) were based on 2005 air photo 

imagery. For the three North Dakota sub-basins (Des Lacs River, Willow River, and Wintering 

River) the NWI (circa 1983) was used for historical conditions.  Their current condition was 

based on the NWI (circa 1983) updated using existing 2012 National Agricultural Imagery 

Program inventory and leveraging the 2010 National Agricultural Imagery Program and 2011 

Bing imagery for additional reference. The air photo coverage dates of the nine watersheds are 

shown in Table 4.1.  

Table 4.1 Dates of Historical and Current Conditions 

Watershed Historical Image Date (s) Present Image Date(s) 

Elgin Jul.22.1958/Oct.25.1958 Sep.19.2009/Sep.25.2009 

Graham Creek Jul.22.1958/Oct.31.1958 Sep.19.2009/Sep.25.2009 

Medora Jul.29.1958/Oct.28.1958 Sep.25.2009/Nov.15.2009 

Lightning/Antler Jul.22.1958/Oct.31.1958 Apr.19.2005 

Pipestone Jul.07.1966/Oct.09.1965 Apr.19.2005 

Wintering River 

* Original NWI (USFWS) NAIP 2010/NAIP 2012 

Des Lacs * Original NWI (USFWS) NAIP 2010/NAIP 2012 

Willow Creek* Original NWI (USFWS) NAIP 2010/NAIP 2012 

Note: * Change detection was accomplished by updating the original NWI 

inventory to conditions captured in  National Agricultural Imagery Program 

2012 
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Figure 4.3: Location Plan Ducks Unlimited Canada Wetland Change Watersheds 
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Although the wetland change analysis was based on various photo imagery dates it provides an 

interesting prospective on the changes in wetland drainage in the Souris River basin.  Wetland 

cover by wetland impact for each watershed per the date of imaging is provided in Table 4.2. 

Drained wetlands were considered to be routed wetlands. Routed wetlands are those connected to 

a drain and are the summation of the completely and partially drained wetlands. Disturbed 

/farmed wetlands are those with no drain present or detectable but not current extent 

and/cultivated margin or dugout impact. As shown in Table 4.1, wetland impacts ranged from a 

low of 6.3% in the Des Lacs River watershed, ND to a high of 16.7% in the Willow River 

watershed, ND. The watersheds in Saskatchewan had relatively high total/historical wetland 

cover (range 13.9 to 15.3%) relative to those in Manitoba and North Dakota which range 

between 6.3 to 0.6% with the exception of higher total/historical wetland cover in the Willow 

River watershed in ND (16.7%) and the Graham Creek watershed in MB (12.6%). Intact 

wetlands comprised between 5.0 and 15.0% of the surface area of the watersheds (Table 4.1). 

Drained wetlands (the routed) comprised between 0.2 and 2.8% of the surface area of the 

watersheds (Table 4.2). Elgin Creek (MB) is the greatest watershed impacted by drainage. About 

1.2% of the surface area of the watershed has been drained.  

Ducks Unlimited Canada estimated the change in the contributing drainage area for the nine 

watersheds from artificial drainage (Badiou et al, 2018). Their approach was based on the PFRA 

concept of the effective drainage area discussed in Section 3.2.1. It assumes that artificial 

drainage increases the natural effective drainage area.  Their approach was described as follows 

“the effective area served as a guide to visually establish the hydrographic density threshold that 

was then applied to historical and current data in an attempt to estimate the magnitude of 

change in effective contributing area over time. For these watersheds existing NTS hydrography 

(Stream, Intermittent Stream) was updated with Agricultural drainage features collected 

photogrammetrically for two epochs representing historical and current conditions based on the 

same imagery used to determine historical and current wetland inventories. Drainage density 

surfaces were generated from all hydrography classes for both epochs using Line Density Tool 

(ArcGIS Spatial Analyst) summarizing a 1km circular neighborhood. Watershed surfaces were 

queried in 0.1 km/km2 increments from high to low density to spatially approximate the effective 

area defined by the PFRA. Following multiple iterations it was determined that the historical 

drainage density threshold of 0.5 km/km2 generated a reasonable approximation to the original 

PFRA Effective.” 

This approach was applied to the nine watersheds. For Canada, the CWI mapping was used. For 

the North Dakota watersheds the US National Hydrography Dataset was updated to include 

agricultural drains visible in the various imagery datasets. The threshold established for the 

Canadian watersheds was applied to the nine watersheds. As indicated in Table 4.2, the current 

effective contributing areas increased for all nine watersheds.  Overall effective contributing 

areas have increase between 11.8 and 82.2%. Similarly, the ratio of effective contributing area to 

gross contributing area have increased between 0.02 and 0.35%.  Table 4.3 indicates the 

percentage change in the historic effective drainage area appears to have some regionalization.  
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 Saskatchewan tributaries to Manitoba exhibit an average increase in the effective 

drainage area of 7%, except Pipestone Creek.  

 Manitoba eastern tributaries exhibit an average increase in the effective drainage area of 

67%.  

 Southern US tributaries exhibit an average increase in the effective drainage area of 20%.  

The nine watersheds percentage change in the historic effective drainage area is shown on Figure 

4.4. 

Duck Unlimited Canada indicated that “analysis is theoretical and not statistically linked to the 

trends in the hydrologic record. The replication of a common metric for both epochs provides a 

reasonable estimate of the change of hydraulic connectivity of the landscape. Regardless if the 

chosen threshold is linked to runoff event size the analysis demonstrates that the magnitude of 

changes to effective area is likely great and that portions of the watershed that were non-

effective or areas of dead drainage have been confirmed to be connected to the outlet of all sub-

basins.” 
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Table 4.2 Wetland impact classes in hectares (and percent coverage) for the nine Souris River 

basin watersheds  
 

Watershed 

Completely 

Drained 

(ha) 

Partially 

Drained 

(ha) 

Routed* 

(ha) 

 

Disturbed / 

Farmed 

(ha) 

Impacted 

(ha) 

 

Intact 

(ha) 

 

Total 

Wetland 

(ha) 

Antler River  67 269 336 1,095 1,431 3,570 5,022 

  0.2% 0.8% 1.0% 3.3% 4.4% 10.9% 15.3% 

Lightning Creek  228 514 742 3,350 4,092 6,255 10,427 

  0.3% 0.7% 1.0% 4.5% 5.5% 8.4% 13.9% 

Pipestone Creek  1787 1449 3236 8,817 12,053 26,464 38,701 

  0.7% 0.5% 1.2% 3.2% 4.4% 9.7% 14.2% 

Des Lacs River  290 3113 3403 391 3,802 13,651 17,460 

  0.1% 1.1% 1.2% 0.1% 1.4% 5.0% 6.3% 

Willow River  0 4831 4831 4 4,837 41,548 46,388 

  0.0% 1.7% 1.7% 0.0% 1.7% 15.0% 16.7% 

Wintering River 6 252 259 139 398 11,702 12,104 

  0.0% 0.2% 0.2% 0.1% 0.3% 8.4% 8.7% 

Graham Creek  167 892 1059 1,491 2,550 6,737 9,351 

  0.2% 1.2% 1.4% 2.0% 3.4% 9.1% 12.6% 

Medora Creek 116 458 574 134 709 2,165 2,907 

  0.3% 1.4% 1.7% 0.4% 2.1% 6.4% 8.6% 

Elgin Creek  437 943 1380 838 2,218 3,037 5,301 

  0.9% 1.9% 2.8% 1.7% 4.4% 6.1% 10.6% 
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Table 4.3:  Gross drainage area (GDA) and changes in effective drainage area (EDA) of nine 

Souris River basin Watersheds (source Badiou et al, 2018) 

Watershed 
GDA 

(km2) 

EDA 

(km2) 

Historical 

EDA/GDA 

Increase 

EDA 

(km2) 

Current 

EDA/GDA 

Change in 

ECA/GCA 

Change 

in EDA 

% 

Current 

EDA 

(km2) 

Antler River 328.4 133.6 0.41 24.5 0.48 0.07 18.3 158.1 

Lightning Creek 748.4 393.6 0.53 46.4 0.59 0.06 11.8 440 

Graham Creek 741.3 178.1 0.24 61.3 0.32 0.08 34.4 239.4 

Pipestone Creek 2724.7 592.3 0.22 427.7 0.37 0.15 72.2 1020 

Des Lacs River 2751 1560.5 0.57 591.3 0.78 0.21 38.3 2151.8 

Willow River 2773.2 984.1 0.35 541 0.55 0.2 55 1525.1 

Wintering River 1391.2 153 0.11 33.6 0.13 0.02 22 186.6 

Medora Creek 337 143.1 0.42 70.1 0.63 0.21 49 213.2 

Elgin Creek 500.5 196.1 0.36 161.1 0.71 0.35 82.2 357.2 

 

 

Figure 4.4: Nine watersheds percentage change in the historic effective drainage area 
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4.4 Impact of Artificial Drainage on the Souris River Basin  

The limitations of the availability wetland data, incomplete coverage and varying imagery dates, 

prevented the application of Ducks Unlimited Canada approach’s to estimate the change in the 

effective drainage area in the Souris River basin. However, it was applied to the available 

wetland data that had agricultural drainage features to understand the spatial extent drainage is 

impacting the basin’s hydrographic network. For the analysis, the drainage density threshold was 

increased to 0.6 km/km. This provided a slightly more conservative estimate than for the 

watersheds with a historical drainage baseline, discussed in Section 4.3.   

Figure 4.5 shows the estimated change in the effective drainage from artificial drainage based on 

the available data. One must examine the map with caution as some of the areas as shown on 

Figure 4.1 are based on imagery that is over 10 years out of date. Figure 4.5 indicates drainage 

has increased the basin’s effective drainage area by about 26%. 

In all three jurisdictions there appears to be areas where artificial drainage has significantly 

increased the natural hydrographic network and the effective drainage area. In Manitoba, the 

areas of the most intensive drainage appear to be in the Elgin and Medora Creek watersheds, 

while the headwaters of the Grant Devine watershed and Pipestone Creek in Saskatchewan show 

a significant change in the effective drainage area. Two of North Dakota watersheds studied by 

Ducks Unlimited Canada, the Des Lac River and Willow Creek, indicate significant changes in 

their effective drainage area.  

4.5 Discussion 

One of the issues in quantifying artificial drainage in the Prairie Pothole Region is the dramatic 

hydrologic alteration of these landscapes, along with the ongoing conversion of wetlands for 

agricultural production.  There are significant areas of wetland drainage occurring in the Souris 

River basin that is impacting the hydrographic network. It appears to be happening in all three 

jurisdictions. 

The quantification of the extent of artificial drainage in the Souris River basin was not possible 

due to an incomplete and limitations of the existing wetland inventories. The NWI is based on 

imagery circa 1983 which is outdated. It also does not classify completely drained wetlands or 

identify the agricultural drainage feature as the CWI does.  The CWI is based on imagery 

spanning the period from 2005 to date.  Comparison of the NWI data with the Ducks Unlimited 

Canada data for the three North Dakota watersheds indicated that the NWI underestimates the 

wetland area impacted by drainage by over 100%. 

The approach developed by Ducks Unlimited Canada allows for the quantification of the extent 

artificial drainage. However, it was not possible for the Souris River basin because of the lack of 

credible data.  The quantitation of the extent of drainage would require:  

a) Imagery for a common time period using the Ducks Unlimited Canada approach based on 

the agricultural drainage features. This is the cheapest, or  
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b) LiDAR data for entire Souris River basin to identify natural and drained flow networks 

and wetland storage volumes. 

The advantages of LiDAR data is it would allow the identification of spill thresholds for 

depressional basins for pre-drainage and post-drainage. Estimate of loss of storage capacity from 

drainage along with the connection of the hydrograph network would be possible. A limitation of 

LiDAR is it does not capture topography for areas inundated during data collection. These areas 

can be estimated by empirical models (Huang et al., 2011). LiDAR data is currently available for 

North Dakota and Manitoba portions of the Souris River basin but needs to be updated. 
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Figure 4.5: Change in Effective Drainage Area
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5 Influence of Artificial Drainage on Transboundary Flows 

5.1 Introduction  

The potential influence of artificial drainage on transboundary flows in the Souris River basin 

was examined. The analysis was based on a sensitivity analysis because of incomplete wetland 

inventory data for the basin. The literature indicates artificial drainage has the potential to impact 

the basin’s transboundary water quantity and quality. The International Souris River Board 

(ISRB), based on its April 2000 directive, is responsible for transboundary flow apportionment, 

water quality and ecosystem health, and oversight for flood forecasting and operations in the 

basin. The quantification of artificial drainage was at the Souris River near Sherwood (ND) 

streamflow gauging station. The Sherwood crossing is the location where the ISRB does it 

natural flow apportionment calculations and flood forecasting oversight decisions.  

5.2 Sensitivity Analysis Approach  

The Souris River near Sherwood has a gross drainage of 23,122 km2 and a pre-drainage (natural) 

effective drainage of 7,146 km2 for a pre-drainage effective to gross drainage area ratio of 0.309. 

The Ducks Unlimited Canada analysis (Section 4.5) based in the available CWI data indicates 

the effective drainage area at Sherwood has increased by about 35% from drainage. Using this as 

a baseline, a sensitivity analysis was undertaken for a 25, 30, 40, 50 and 60% increase in the 

effective drainage area. Table 5.1 shows the range effective to gross drainage area ratios 

considered for the sensitivity analysis. 

Table 5.1: Sensitivity Analysis Post Drainage Effective to Gross Drainage Area Ratios 

Increase in 

Effective 

Drainage Area 

due to Drainage 

Post 

Drainage 

EDA/GDA 

Ratio 

0 0.31 

25% 0.39 

30% 0.40 

40% 0.43 

50% 0.46 

60% 0.49 

 

The potential influence of artificial drainage on runoff volumes was based the concept of the 

Contributing Drainage Area Method discussed in Section 3.2.3. The intent was to determine the 

relative change in the contributing drainage area that artificial drainage has for various runoff 

frequencies.  The approach could not be extended to runoff or flood frequency curves as the 

recorded data already includes drainage impacts as is considered non-stationary because of this.  

As previously discussed, the approach implies artificial drainage increases the effective drainage 
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area directly contributing to flow in a median runoff year. At extremely rare (high) flood events, 

the contributing drainage area becomes coincident with the gross drainage area’s topographic 

divide. The literature indicates that under extreme floods, drainage has little or no impact, as the 

entire basin is contributing runoff.  For the analysis, the runoff event with a recurrence interval of 

1:500 was assumed for coincidence of the effective and gross drainage areas. Frequency 

distributions of pre- and post-drainage contributing areas on probability paper for each of the 

points of interest were developed. Figure 5.1 shows the frequency curves of the change in the 

contributing drainage area for post- and the pre-drainage scenarios examined in the sensitivity 

analysis.  

For any required frequency, the corresponding pre-drainage and post-drainage contributing 

drainage areas were extracted. The ratio of the pre-drainage to post-drainage contributing 

drainage areas was used as an indicator of the potential influence of upstream artificial drainage 

on runoff volumes for that frequency.  As indicated in Tables 5.2 to 5.6, artificial drainage has 

the potential to increase the median annual runoff from 25 to 60% at Sherwood. The volume of 

the 1 in 10 year flood used for flood operations for the Souris Basin Project has the potential to 

be increase from 11 to 26%.  As indicated, the impact of wetland drainage is less for a larger 

runoff event as a greater percentage of the basin is naturally contributing runoff. 

Table  5.2: Change in CDA Ratio for 25% Increase in EDA 

Return 

period 

Pre-drainage 

EDA/GDA 

Ratio 

Post Drainage 

EDA/GDA 

Ratio 0.39 

Difference in 

CDA Ratio 

%  Change in  

CDA Ratio 

1 0.31 0.39 0.08 25% 

2 0.31 0.39 0.08 25% 

10 0.51 0.57 0.05 11% 

50 0.71 0.74 0.03 4% 

100 0.80 0.82 0.02 3% 

500 1.00 1.00 0.00 0% 

     
Table  5.3: Change in CDA Ratio for 30% Increase in EDA 

 

Return 

period 

Pre-drainage 

EDA/GDA 

Ratio 

Post Drainage 

EDA/GDA 

Ratio 0.40 

Difference in 

CDA Ratio 

%  Change in  

CDA Ratio 

1 0.31 0.40 0.09 30% 

2 0.31 0.40 0.09 30% 

10 0.51 0.58 0.07 13% 

50 0.71 0.75 0.04 5% 

100 0.80 0.83 0.03 3% 

500 1.00 1.00 0.00 0% 
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Table  5.4: Change in CDA ratio for 40% Increase in EDA 

 

Return 

period 

Pre-drainage 

EDA/GDA 

Ratio 

Post Drainage 

EDA/GDA 

Ratio 0.49 

Difference in 

CDA Ratio 

%  Change in  

CDA Ratio 

1 0.31 0.43 0.12 40% 

2 0.31 0.43 0.12 40% 

10 0.51 0.60 0.09 17% 

50 0.71 0.76 0.05 7% 

100 0.80 0.83 0.04 4% 

500 1.00 1.00 0.00 0% 

     
Table  5.5: Change in CDA for 50% Increase in EDA 

 

Return 

period 

Pre-drainage 

EDA/GDA 

Ratio 

Post Drainage 

EDA/GDA 

Ratio 0.46 

Difference in 

CDA Ratio 

%  Change in  

CDA Ratio 

1 0.31 0.46 0.15 50% 

2 0.31 0.46 0.15 50% 

10 0.51 0.62 0.11 21% 

50 0.71 0.78 0.06 9% 

100 0.80 0.84 0.04 6% 

500 1.00 1.00 0.00 0% 

     
Table  5.6: Change in CDA for 60% Increase in EDA 

 

Return 

period 

Pre-drainage 

EDA/GDA 

Ratio 

Post Drainage 

EDA/GDA 

Ratio 0.43 

Difference in 

CDA Ratio 

%  Change in  

CDA Ratio 

1 0.31 0.49 0.18 60% 

2 0.31 0.50 0.18 60% 

10 0.51 0.64 0.13 26% 

50 0.71 0.79 0.08 11% 

100 0.80 0.85 0.05 7% 

500 1.00 1.00 0.00 0% 

 

The potential impact of artificial drainage on transboundary flows at Sherwood is discussed in 

the following Section 5.3. 
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Figure 5.1: Souris River near Sherwood Sensitivity of Change in CDA Ratio  

5.3 Potential Impact on Souris River near Sherwood Transboundary 

Flows 

5.3.1 Flow Apportionment  

The International Souris River Board directive is to ensure compliance with apportionment 

measures for the transboundary waters of the Souris River, to investigate and report on water 

requirements and uses as they impact the transboundary waters of the Souris River basin. 

Artificial drainage has the potential to impact transboundary waters. The IRSB is responsible for 

ensuring compliance with apportionment measures at the International crossings at the Souris 

River at Sherwood (Saskatchewan/North Dakota border) and Westhope Crossing (North 

Dakota/Manitoba border).  

5.3.1.1 Sherwood Crossing 

At the Sherwood Crossing, Saskatchewan is entitled to divert, store, and use waters which 

originate in the Saskatchewan portion of the Souris River basin, provided that the annual flow of 

the river is not diminished more than 50% of that which would have occurred in a state of nature. 
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The annual natural flow is calculated by the project depletion method for the period January 1 

through December 31. The natural flow calculation currently considers the non-contributing 

drained areas of Yellow Grass Ditch and Tatagwa Lake.  

Normally, Saskatchewan is required to deliver a minimum of 50% of the annual natural flow 

volume at the Sherwood Crossing in every year except in those years when the conditions given 

in (i) or (ii) below apply. In those years, Saskatchewan will deliver a minimum of 40% of the 

annual natural flow volume at the Sherwood Crossing.  

i. The annual natural flow volume at Sherwood Crossing is greater than 50 000 cubic 

decametres (40 500 acre-feet) and the current year June 1 elevation of Lake Darling is 

greater than 486.095 metres (1594.8 feet); or 

ii. The annual natural flow volume at Sherwood Crossing is greater than 50 000 cubic 

decametres (40 500 acre-feet) and the current year June 1 elevation of Lake Darling is 

greater than 485.79 metres (1593.8 feet), and since the last occurrence of a Lake Darling 

June 1 elevation of greater than 486.095 metres (1594.8 feet) the elevation of Lake 

Darling has not been less than 485.79 metres (1593.8 feet) on June 1. 

Artificial drainage will result in increased flows at Sherwood. For a 25% increase in the effective 

drainage area, artificial drainage has the potential to increase the median annual flow by 25%. 

Under the current natural flow calculation only the non-contributing drained areas of Yellow 

Grass Ditch and Tatagwa Lake are considered. At present Saskatchewan is only entitled half the 

additional artificial drainage waters originating in its jurisdiction. Excluding the effects of 

artificial drainage in the natural flow calculations simplifies calculations.  In more than 80% of 

the years the downstream jurisdictions will benefit from the additional flow. 

At present there does not appears to be any justification  to change natural flow calculation for 

the Sherwood Crossing as North Dakota is benefitting and potentially Manitoba from the 

additional flow volume especially during drought conditions. 

The Prairie Provinces Water Board is responsible for apportionment of interprovincial streams 

between Alberta, Saskatchewan and Manitoba. The only stream that presently incorporates 

artificial drainage is the Red Deer River which is estimated by the Contributing Drainage Area 

Method. 

5.3.1.2 Westhope Crossing 

At the Westhope Crossing, North Dakota has the right to divert, store, and use the waters which 

originate in the North Dakota portion of the Souris River basin together with the waters delivered 

to the state at the Sherwood Crossing. 

Except during periods of severe drought, North Dakota will deliver from any available source 

during the months of June, July, August, September, and October of each year, six thousand and 

sixty-nine (6,069) acre-feet of water at the Westhope Crossing regulated so far as practicable at 

the rate of twenty (20) cubic feet per second except as set forth hereinafter: provided, that in 

delivering such water to Manitoba no account shall be taken of water crossing the boundary at a 
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rate in excess of the said 20 cubic feet per second. In periods of severe drought when it becomes 

impracticable for the State of North Dakota to provide the foregoing regulated flows, the 

responsibility of the State of North Dakota in this connection shall be limited to the provision of 

such flows as may be practicable, in the opinion of the said Board of Control, in accordance with 

the objective of making water available for human and livestock consumption and for household 

use. It is understood that in the circumstances contemplated in this paragraph the State of North 

Dakota will give the earliest possible advice to the International Souris River Board with respect 

to the onset of severe drought conditions. 

Artificial drainage in North Dakota and Saskatchewan should result in increased flow volumes 

during drought conditions. This should result in a less frequent need for North Dakota to 

implement serve drought conditions at Westhope. 

5.3.2 Flood Control  

Flood control of the Souris Basin Project (Rafferty, Grant Devine, Boundary and Lake Darling 

reservoirs) is overseen by the International Souris River Board in accordance with the Operating 

Plan of the 1989 Canada-United States Agreement for Water Supply and Flood Control in the 

Souris River Basin. The Department of Army is the entity designated responsible for flood 

operations within the United States. The Government of Saskatchewan is the Canadian entity 

designated responsible for flood operations within the Province of Saskatchewan. 

The International Souris River Board  has responsibility to determine whether the operations 

under the 1989 should proceed based on the Flood Operation or Non-Flood Operation of the 

Operating Plan, which is Annex A to the  Agreement.  Under Annex a flood control operation of 

the Souris Basin Project is triggered if a February 1st or subsequent spring runoff estimate shows 

a reasonable chance (50 percent) of a runoff volume at Sherwood Crossing being equal to or 

greater than a 10-percent (1 in 10 years) flood. Flood operation will cease when flood volumes 

have been discharged and streamflows are at or below 500 cfs at Minot. If a February 1st or 

subsequent spring runoff estimate shows a reasonable chance (50-percent) of a runoff event less 

than a 10-percent (1 in 10 years) flood, then operations will proceed on the basis of the non-flood 

Operating Plan. In addition, under Section 4.3, the operation of the Souris Basin Project will be 

as per Flood Operations if a February 1st subsequent spring forecast shows a reasonable chance 

(50-percent chance) of a 30-day unregulated runoff volume at the Sherwood Crossing equaling 

or exceeding 175,200 ac-ft. (216,110 dam3), a 10-percent (10-year) flood volume, and/or the 

local 30-day runoff volume at Sherwood Crossing equaling or exceeding 30,000 ac-ft. (37,000 

dam3). 

Artificial drainage will result in the 1 in 10 year flood volume in the Agreement occurring more 

frequently due to the increased runoff volume from artificial drainage. For a 25% increase in the 

effective drainage from artificial drainage, 1 in 10 year flood volume could potentially be 

increased by greater than 10%. Any review of Souris Basin Project operating plans needs to have 

the flexibility to account for the potential increase in runoff volumes overtime from artificial 

drainage. 
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5.3.3 Water Quality  

The International Souris River Board's duties involve maintaining water quality, and aquatic 

ecosystem health about existing or potential transboundary issues. The water quality of the 

Souris River is expected to deteriorate from the increased nutrient loading from wetland 

drainage. Under low flows conditions, wetland drainage could potentially increase runoff 

volumes by 25%. To understand the impact, the water quality trends analyses should be 

undertaken for the International gauging stations on Souris River at Sherwood and Westhope. A 

nutrient sequestering study of Rafferty and Grant Devine reservoirs could also be undertaken to 

understand their impacts on water quality from the upstream drained areas. 

5.4 Discussion 

The sensitivity analysis illustrates the potential impact of artificial drainage on transboundary 

flows from a water quality and quantity prospective. Most of the recent wetland inventory data in 

the Saskatchewan headwaters of the Souris River basin has been based on fairly recent air photo 

imagery. Although the wetland inventory data is incomplete, it indicates the artificial drainage 

network has extended the hydrograph network and the effective drainage area. Likely, a 30% to 

40% increase in the effective drainage based on the available data is not unreasonable. The 

current natural flow computations for the Souris River near Sherwood exclude the non-

contributing drained areas of Yellow Grass Ditch and Tatagwa Lake.  At present, there does not 

appears to be any justification to change natural flow calculation for the Sherwood Crossing. All 

jurisdictions have the potential to benefit from the additional flow volumes, primarily during 

drought conditions. 

Artificial drainage will result in the 1 in 10 year flood volume in the Agreement occurring more 

frequently due to the increased runoff volume due to artificial drainage. The review of the Souris 

Basin Project operating plan should consider the flexibility to account for the potential increased 

runoff from artificial drainage overtime. 

The increased flow volumes from artificial drainage have the potential to increased nutrient 

loading.  To understand the impacts the water quality tends analyses for the International 

gauging station on Souris River at Sherwood and Westhope should be updated. A nutrient 

sequestration study of Rafferty and Grant Devine reservoirs could be undertaken to understand 

the impacts of the reservoirs on water quality specifically that of upstream wetland drainage. 
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6.0 Conclusions and Recommendations 

This project was undertaken to assist the International Souris River Study Board address 

questions and provide information to the public regarding artificial drainage. Based on the 

available information and its analysis the following conclusions and recommendations were 

developed by the author to assist Study Board on the issue of artificial drainage. 

1) Artificial drainage is regulated in the three jurisdictions encompassing the Souris River 

basin: North Dakota, Manitoba and Saskatchewan. Each jurisdictions’ legislation covers 

both surface and subsurface drainage. In North Dakota drainage permitting is administered 

by watershed management boards/districts, whereas, in Manitoba and Saskatchewan 

drainage is a provincial responsibility. The regulations in the three jurisdictions are based 

on similar principles. Downstream impacts and landowner approval to accept increased 

runoff from drainage are considered by all the jurisdictions.  

 The jurisdictions regulation of artificial drainage and its impacts should be included as an 

agenda item at the International Souris River Board Public Meetings about once every five 

years. This would provide an opportunity to update the public on changes to the regulatory 

requirements of the various jurisdictions. 

2) Surface drainage is the prevalent type of artificial drainage in the Souris River basin. 

Although subsurface drainage is occurring in localized areas, it is not significant enough to 

be a basin wide issue yet. Both surface and subsurface drainage have the potential to 

increase flooding and degrade ecosystems. The quantification of drainage impacts in this 

study was for surface drainage only. 

 The issue of subsurface drainage should be revisited in five years as there appears to be 

trend towards increased subsurface drainage in the basin.  

3) Drainage projects are licensed individually. The primary focus is to minimize the potential 

for negative impacts on upstream or downstream landowners in the immediate area, or on 

the environment. It is felt that if local impacts are mitigated, they tend not to be transmitted 

further down or up the system. This is not necessarily the case. There are gaps in watershed 

based planning and the technical challenges inherent in assessing cumulative impacts.  

There is a need for future research into developing tools to assess cumulative 

environmental impacts of artificial drainage.  

4) An issue in quantifying artificial drainage in the Prairie Pothole Region is the dramatic 

hydrologic alteration of these landscapes by drainage and the contributing drainage.  There 

are significant areas of wetland drainage occurring in the Souris River basin that is 

impacting the hydrographic network and the non-contributing drainage area. It is 

happening in all three jurisdictions. The science allows for the quantification of the extent 

artificial drainage is occurring. For the Souris River basin it was not possible because of 

the lack of credible data. The existing wetland inventory data is incomplete and based on 

varying imagery dates. 

The quantitation of the extent of drainage would require either:  

a. Redoing the Ducks Unlimited Canada analysis to generate drainage density 

surfaces from up-to-date wetland inventory data. This would require a wetland 
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inventory based on air photos for a common time period and featuring the 

agricultural drainage features for the entire basin. This is the least costly 

option compared to the second option below. 

b. Current LiDAR data for entire the Souris River basin to identify natural and 

drained flow networks and the identification of spill thresholds for each 

depressional basin to estimate loss of wetland storage volumes from ditching. 

5) Wetland drainage is potentially deteriorating the basin’s water quality. The precise 

quantification of the impact is not possible because of other causes such as changing land 

management practices. Sequestration of nutrients in Rafferty and Grant Devine Reservoirs 

is potentially reducing the nutrient load from the upstream watersheds mitigating some of 

the impacts of wetland drainage in the upper portions on the basin. 

Water quality tends analysis should be updated at the International gauging stations on 

Souris River at Sherwood and Westhope. 

A nutrient sequestration study of the Souris Basin Project reservoirs should be undertaken 

to understand their impact on nutrient loading along the Souris River. 

6) Wetland drainage may result in a significant over-approximation of the natural flow for the 

Souris River at Sherwood in normal years. 

 Continue with the current natural flow calculation procedure.  All jurisdictions are 

potentially benefitting from the additional volume under the current procedure. 

7) Wetland drainage has the greatest impact on normal to moderate runoff events and floods. 

During extreme floods such as the 2011 Souris River flood wetland drainage has a minor to 

insignificant impact as all the wetlands are filling and spilling.  For the 1 in 10 year flood, 

that flood control of the Souris Basin Project (Rafferty, Grant Devine, Boundary and Lake 

Darling reservoirs) is based on, the occurrence of this flood could be increased.  

When 1989 Canada-United States Agreement for Water Supply and Flood Control is up for 

renewal the Souris Basin Project operating plan should include the flexibility to account 

for the potential increase in runoff from artificial drainage overtime. 

8) Climate change and land management practices including wetland drainage, construction 

of the transportation network, change in agricultural land management practices such as 

conservation tiling, brush clearing and cultivation of grasslands have all contributed 

increased runoff and deteriorating water quality in the Souris River basin. With climate 

change more extreme and intense precipitation events are occurring along with more multi-

day rainfall events. This has resulted in increased summer runoff. Separation the individual 

impacts is extremely difficult based on the current science.  However, the natural 

variability of floods and droughts is still expected to continue. 

There is a need for more testing and development of the hydrologic models such as the 

Prairie Hydrologic Model to help understand the hydrologic impact of the land use and 

climate change on the prairie pothole region. The status of this science should be revisited 

in five years. 
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Equivalents of Measurement 

The following is a list of equivalents of measurement that have been agreed to for use in reports 

of the International Souris River Board.  

1 centimetre equals 0.39370 inch  

1 metre equals 3.2808 feet  

1 kilometre equals 0.62137 mile  

1 hectare equals 10 000 square metres  

1 hectare equals 2.4710 acres  

1 square kilometre equals 0.38610 square mile  

1 cubic metre per second equals 35.315 cubic feet per second  

The metric (SI) unit that replaces the British acre-foot unit is the cubic decametre (dam3), which 

is the volume contained in a cube 10 m x 10 m x 10 m or 1 000 cubic metres.  

1 cubic decametre equals 0.81070 acre-feet  

1 cubic metre per second flowing for 1 day equals 86.4 cubic decametres  

1 cubic foot per second flowing for 1 day equals 1.9835 acre-feet  
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Glossary 

DA – drainage area 

DC Act - The Drainage Control Act (DC Act) allowed the establishment of watershed areas and 

watershed commissions to manage the issues around drainage, passed in 1980. 

CDA – contributing drainage area 

EDA – effective drainage area 

GDA – Gross drainage area 

GIS – Geographic Information System 

ISRSB - International Souris River Study Board  

LiDAR – Light Detection and Ranging 

MSD - Manitoba Sustainable Development  

NDCC – North Dakota century code  

N.D.A.C.  North Dakota administrative code 

NDSWC - North Dakota State Water Commission  

SOLE - state of local emergency  

OSE - Office of the State Engineer  

PHM- Prairie Hydrological Model developed and tested on the Smith Creek Research basin 

(Pomeroy et al., 2014).   

PRFA – Prairie Farm Rehabilitation Administration 

Sheetwater - shallow water that floods land not normally subject to standing water. It is not 

exclusive to wetlands and has been applied to overland flow, such is the case with legal 

assessment drains that channelize overland flow. 

SRB - Souris River basin  

Souris Basin Project - refers to the development and operation of the Rafferty and Alameda 

reservoirs, Boundary Diversion Channel and operation of the existing Boundary reservoir in 

Saskatchewan and the operation of the existing Lake Darling reservoir in North Dakota for flood 

control 

The Regulations - The Drainage Control Regulations were introduced in 1981 to support The 

Drainage Control Act.   

WRA - Water Resources Act  

WRD/B - North Dakota Water Resource District/Board  

WSA - Saskatchewan Water Security Agency  

WSC Act - The Water Security Agency Act the most current legislation passed in 2013. 

The WSA Regulations - Water Security Agency Regulations replaced The Drainage Control 

Regulations in 2015.  




