
   

A 
 

SNAKE RIVER WATERSHED 
MONITORING PLAN 

 
Topical Report RSI-2509 

 
 
 
 
 
 
 
 
 

Prepared by 
 

Bruce Wilson 
Megan Burke 

RESPEC 
 
 
 
 

prepared for 
 

Middle-Snake-Tamarac Rivers Watershed District 
453 North McKinley Street 
Warren, Minnesota  56762 

 
 
 
 
 
 
 
 
 

March 2015 
 

 
1935 West County Road B2, Suite 320 

Roseville, MN  55113 
651.788.7813 



 Snake River Watershed Monitoring Plan 
 

RESPEC RSI-2483 iv 

TABLE OF CONTENTS 

1.0 MONITORING OBJECTIVES STATEMENT .........................................................................  1 

2.0 INTRODUCTION ................................................................................................................  2 

3.0 HIERARCHY OF RIVER MONITORING CONSIDERATIONS .............................................  3 

4.0 ONGOING MONITORING PROGRAMS .............................................................................  4 
4.1 TRACKING WEATHER PATTERNS ..................................................................................  4 
4.2 RIVER WATCH—CITIZEN STREAM MONITORING—ONGOING  SINCE 1995 .....................  4 
4.3 RED RIVER WATER MANAGEMENT BOARD’S SURFACE WATER QUALITY MONITORING 

PROGRAM ....................................................................................................................  7 
4.4 MINNESOTA POLLUTION CONTROL AGENCY’S MILESTONE AND CONDITION 

MONITORING PROGRAMS ............................................................................................  7 
4.5 MINNESOTA DEPARTMENT OF NATURAL RESOURCES/MINNESOTA POLLUTION 

CONTROL AGENCY COOPERATIVE STREAM GAUGING PROGRAM ...................................  8 

5.0 FUTURE MONITORING OPTIONS .....................................................................................  10 
5.1 MONITORING OBJECTIVE 1—PERFORMANCE OF FLOOD REDUCTION AND STORAGE 

PROJECTS ...................................................................................................................  10 
5.1.1 Recommendations and Considerations for Monitoring Objective 1 .........................  10 

5.2 MONITORING OBJECTIVE 2—COMPLIANCE TO SURFACE AND GROUND WATER 
QUALITY STANDARDS ..................................................................................................  11 
5.2.1 Water Quality ....................................................................................................  11 

5.3 MONITORING OBJECTIVE 3—TRACKING PERFORMANCE OF RESTORATION AND 
PROTECTION PROJECTS TO IMPROVE  WATER QUALITY ...............................................  14 

6.0 CONCLUSIONS AND RECOMMENDATIONS .....................................................................  16 

7.0 REFERENCES .....................................................................................................................  18 



 Snake River Watershed Monitoring Plan 
 

RESPEC RSI-2483 v 

LIST OF TABLES 

TABLE PAGE 
 

3-1 Stream Monitoring and Assessment Hierarchy ...................................................................  3 

4-1 Availability of Water Quality Data Within the Snake River Watershed ..................................  6 

4-2 Snake River Watershed Stream Gage Descriptions ............................................................  8 

5-1 Summary Statistics for Each Discharge Gage ....................................................................  11 

5-2 Impaired Waters Within the Snake River Watershed ..........................................................  12 

  



 Snake River Watershed Monitoring Plan 
 

RESPEC RSI-2483 viii 

LIST OF FIGURES 

FIGURE PAGE 
 

4-1 Surface Water Quantity and Quality Monitoring Locations Within the Snake River 
Watershed ......................................................................................................................  5 

4-2 Discharge Gage Locations Within the Snake River Watershed ............................................  9 

5-1 Impaired Waters Within the Snake River Watershed ..........................................................  13 

 

 

 

 
 



 Snake River Watershed Monitoring Plan 
 

RESPEC RSI-2483 1 

1.0 MONITORING OBJECTIVES STATEMENT 

Stream monitoring needs have been identified to support Snake River Watershed (SRW) and closely 
linked Red River of the North management efforts to track (1) performance of flood reduction and 
storage projects, (2) compliance to surface and groundwater quality standards, and (3) performance of 
restoration and protection projects to improve water quality.  Future remedial considerations will rely on 
comparisons of monitored conditions with management goals as adjusted for changing land uses, 
weather patterns, and water quality standards. The ability to detect SRW system changes and the 
reliability of comparisons will depend on the design of the monitoring programs, including potential 
adjustment for hydrologic and climatologic variations. A detailed monitoring plan that will include 
monitoring site locations, sampling schedules, and responsible parties, will be developed as part of the 
forthcoming implementation plan referenced in the next chapter of this report. 
 
  

1.0 
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2.0 INTRODUCTION 

The SRW (Hydrologic Unit Code [HUC] 09020309) drains an area of 611,800 acres (or approximately  
956 square miles) in northwestern Minnesota. The majority of the watershed is located in Marshall 
County, with smaller portions located in Polk and Pennington Counties. The surface-water rich SRW is 
bordered on the west by the Red River, to the north by the Lower Red River Watershed, to the east by 
the Thief River, and to the south by Grand Marais Creek.  European settlement of the area followed the 
1870s expansion of the railroads into the Red River region.  Since that time, the SRW has undergone 
dramatic land-use modification, including plowing its native prairies, harvesting its hardwood forests, 
draining its wetlands, and modifying its natural stream courses. Today, approximately 70 percent of its 
landscape is used for agricultural production.   
 
As prairies, forests, and wetlands were converted to agriculture and developed uses, significant increases 
in runoff and pollutant loads occurred from efficient artificial drainage systems (curbs and gutters/drain 
tiles and ditches) that remove excess water from soils and surfaces. Consequently, intense storm runoff 
from fields and streets can quickly deliver water runoff pulses suspending sediments and nutrients that 
negatively affect lakes and rivers (i.e., increased algae, reduced oxygen, loss of fisheries, and adding to 
cumulative downstream water quality impacts).  Altered weather patterns provide additional driving 
forces that affect watershed dynamics.  Headlines have described the increasingly common boom-and-
bust nature of runoff from rapid winter thaws and large, storm-induced floods to extended dry period 
prompted fire seasons that have all collectively caused hundreds of millions of dollars of statewide losses 
to dwellings, infrastructures, productivity, and increased public safety concerns. Hence, monitoring 
conducted in areas that are heavily influenced by artificial drainage will need to factor widely fluctuating 
flows in assessment methods that range from simple (grab sampling) to fully characterizing runoff with 
larger reliance upon automated techniques.   
  

2.0 
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3.0 HIERARCHY OF RIVER MONITORING CONSIDERATIONS 

While many factors need to be considered in designing river monitoring programs, key aspects should be 
considered to achieve Snake River monitoring objectives.  Table 3–1  summarizes a  hierarchy of 
monitoring considerations that vary with drainage area, starting from the Snake River mouth (HUC 8 
level) and progressing upstream to smaller drainage areas (HUC 10 and HUC 12 levels).  In general, flow 
and pollutant variability can be expected to increase as drainage areas decrease. Therefore,  more 
upstream river reaches (with smaller drainage areas) frequently require increased attention to sampling 
program details. However, smaller scale areas are most likely to show significant (measureable) 
improvements over shorter periods of time because of fewer contributing sources.  Hence, the effects 
from targeted remedial action may be more readily detected at the smaller scale. This is of particular 
note because grant funding agencies are increasingly requiring documentation of performance.   

Table 3-1.  Stream Monitoring and Assessment Hierarchy (Modified From Walker [2002]) 

HUC Level 
Scale 

HUC 8 
River 

HUC 10 
Tributaries 

HUC 12 
Smaller Tributaries and 

Drainage Ditches 

Entity State, Red River —> RRB + MSTRWD  

Variability Lower —> Higher 

Sampling Scheme Continuous Flows + Storm 
Samples + Grab Samples —> Flow-Weighted Continuous 

Response to Management Slower —> Faster 

Available Baseline for Measured 
Change More —> Less 

Quality/Availability of Existing Data Higher —> Lower 

 
Minnesota has made significant investments in monitoring, databases, and applied forecasting tools to 
guide and measure the performance of restoration and protection efforts.  As a part of these efforts, 
Minnesota’s agencies have cooperatively developed networks of stream, river, lake, and groundwater 
monitoring stations to characterize water resources. Because monitoring all areas is not feasible, the 
Minnesota Pollution Control Agency (MPCA) has also invested in developing basin-wide hydrologic and water 
quality models to more fully define water and pollutant sources for targeting restoration and protection 
practices. The project will employ the MPCA’s Hydrologic Simulation Program—FORTRAN (HSPF) model that 
was developed for the Snake River. The three continuous SRW gauging stations, which are described in 
Section 4.5, provide the foundation for the three stated monitoring objectives and aid watershed 
evaluations. Flows from three continuous gauging stations along the Snake River and one downstream site 
on the Middle River were used to calibrate the SRW HSPF model. The data can be used to evaluate 
conditions at unmonitored locations, determine the potential effectiveness of a suite of Best Management 
Practices (BMPs), and prioritize/target areas for BMP implementation and adaptive management (what 
works and what does not). Developing short- and long-term metrics will help track performance to goals 
(e.g., reduction of peak events, number of bankfull events, increase of base flows for fisheries, and tracking 
trends in pollutant concentrations via the use of flow-weighted mean concentrations (FWMCs). The 
statistical power for detecting changes in pollutants will be enhanced by using state-of-the-art monitoring 
procedures and regression models to adjust for hydrologic/climatic variations.   

3.0 
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4.0 ONGOING MONITORING PROGRAMS 

SRW monitoring efforts have been shared among several partnering groups. Several local, state, and 
federal agencies collect valuable watershed information, beginning with weather data collected by a 
variety of volunteers and airports and data storage and analysis provided by the Minnesota Department 
of Natural Resources (MNDNR) Climatology Office, the National Weather Service (NWS), and others. Red 
River Basin-related water quality monitoring has been coordinated by the International Water Institute 
(IWI) and includes the Red River Basin’s River Watch program and the Red River Flood Reduction—Water 
Quality Project initiated in 2003. Other agency-sponsored monitoring has been provided by the MPCA’s 
milestone and condition monitoring programs and the MNDNR/MPCA cooperative stream gauging 
program. The cooperative stream gauging program houses gages that are jointly operated and/or 
support programs operated by the US Geological Survey (USGS) and the NWS Advanced Hydrologic 
Prediction Services.  Surface water quantity and quality monitoring locations are illustrated in Figure 4–1, 
and monitoring details (i.e., sample counts) for each location are given in Table 4-1. Monitoring activities 
have been identified by the Middle-Snake-Tamarac Rivers Watershed District (MSTRWD) Planning 
Regions to provide information in support of the MSTRWD management decisions [MSTRWD, 2011]. 
Collectively, these monitoring efforts can be used to track progress to goals subject to periodic updates 
and revisions. 

4.1 TRACKING WEATHER PATTERNS 

In addition to the agricultural community’s weather vigilance, periodic summaries of recent and long-term 
weather reporting station data may be helpful in modifying monitoring activities and interpreting data to 
reflect weather variability.  Several free weather reporting services are available to help better define 
patterns. Data summaries are available from the Minnesota Climatology Office (http://climate.umn.edu/) 
and the Midwestern Regional Climate Center (http://mrcc.isws.illinois.edu/CLIMATE/) with local reporting 
stations at Alvarado, Argyle, Thief River Falls, and Warren. Of particular note is the number of winter 
thaw periods (defined for this purpose as two or more days with peak temperatures above 32 degrees 
[F°]); wet period cumulative precipitation from back-to-back storms; and dry period durations and 
intensities, such as the cumulative number of days with less than 0.25 inch of precipitation.   

4.2 RIVER WATCH—CITIZEN STREAM MONITORING—ONGOING  
SINCE 1995 

River Watch is a citizen stream-monitoring program that uses schools and other groups to collect stream 
and ditch water quality monitoring data. The program incorporates training citizen volunteers to collect 
baseline water quality data. Participants also receive leadership experiences through public outreach 
efforts in their local communities.  Volunteers monitor local streams with state-of-the-art tools and learn 
field-based physical and biological ambient water quality analysis techniques to assist water managers in 
watershed health assessments.  Volunteers have monitored over 200 water quality sites across the Red 
River Basin for condition assessment. Sites are monitored monthly during ice-off conditions for water 
quality variables that include stage, temperature, transparency, turbidity, pH, conductivity, and dissolved 
oxygen. The IWI and partnering groups will work with the River Watch program to ensure that 
appropriate water quality and flow monitoring will be conducted to evaluate progress on implementation 
projects and the restoration of the impaired reaches. 

4.0 
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Figure 4-1. Surface Water Quantity and Quality Monitoring Locations Within the Snake River Watershed.
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Table 4-1. Availability of Water Quality Data Within the Snake River Watershed (Stations are 
organized by major river and ordered by location from upstream to downstream).   

Station Ammonia BOD Chloride Chlorophyll a DO E. coli Fecal Coliform Inorganic Nitrogen Kjeldahl Nitrogen Mercury TOC Ortho-Phosphate pH Phosphorus Conductivity Temperature TDS TSS Transparency Turbidity 

Middle River  

S004-106 10   10   15 8   10 8       15 10 15 15   12 15 3 

S002-988         30               30   34 30     29 35 

S002-987         27               27   28 27     26 30 

S007-440 10   10   13 8   10 8       13 10 13 13   10 13   

S002-989 10   10   65 20 19 27       19 72 27 76 72 19 19 57 75 

S004-215         29               29   29 29     26   

S000-700 12   10   94 19   13 1       93 13 94 94   20 88 48 

S000-697 12             12       12   12             

S003-691 17   18   70 26 20 39 6     24 77 39 77 77 20 50 60 66 

South Branch Snake River 

S007-311         4               4   4 4     4 4 

S007-310         5               5   4 5     5 5 

S002-108         64     34       33 61 34 63 64   35 60 61 

Swift Coulee 

S001-598                                     169   

Snake River 

S004-152 16   11 8 36 19 18 31 7     18 43 31 43 43 18 20 29 43 

S003-101 18   11 8 73 18   16 8       72 16 76 74   20 68 73 

S002-986         37               34   39 37     33 37 

S002-994         42   18 18       18 47 18 48 49 18 18 31 49 

S004-214 10   10   13 8   10 8       13 10 13 13   10 13   

S004-142 23   18 8 74 26   58 51   2 38 73 58 74 74   56 74 89 

S003-692 26   21 8 66 26 18 45 15     22 73 45 73 73 18 45 57 60 

S000-185 104 12 68 28 229 45   270 143 5 25 233 243 268 237 232   226 215 321 

Grand Total 
# of Samples 268 12 197 60 986 223 93 593 255 5 27 417 1,024 591 1,040 1,025 93 541 1,072 999 
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A program description can be found at http://www.iwinst.org/education/participate. An interactive map 
showing sampling teams, water quality monitoring site locations, and meteorological monitoring site 
locations is provided at http://riverwatch.wq.io/. Participating sampling teams within the SRW include 
Warren/Alvarado/Oslo Schools and Newfolden School. The key contact is Mr. Danni Halvorson.  

4.3 RED RIVER WATER MANAGEMENT BOARD’S SURFACE WATER 
QUALITY MONITORING PROGRAM 

The IWI is the host organization for the Red River Board (RRB) Decision Network and River Watch.  A 
related effort, the Flood Damage Reduction (FDR) Water Quality Project, has been ongoing since 2003. 
Water quality sampling needs for FDR projects are identified by local watershed project planning 
teams.  Monitoring occurs before and after construction of FDR projects at upstream and downstream 
stream locations.  Samples are collected at 18 locations in the Minnesota portion of the Red River 
Basin.  The analysis includes field parameters, nutrients, and sediment.  The goal of the project is to 
document water quality changes resulting from FDR project implementation. Funding for this project is 
provided by the Minnesota Flood Damage Reduction Workgroup (http://www.iwinst.org/monitoring-
network/water-quality-projects). 

4.4 MINNESOTA POLLUTION CONTROL AGENCY’S MILESTONE AND 
CONDITION MONITORING PROGRAMS 

The MPCA conducts intensive monitoring of each of the state’s 81 major watersheds (8 digit HUC) on a 
rotating ten year cycle.  A watershed approach to is employed to guide MPCA’s monitoring efforts, 
aggregate monitoring information from local, state, and federal agencies, and to integrate watershed 
information from small to large scales.  Sampling occurs in each major watershed once every ten years. 
In this approach, intermediate-sized (approximately 11 digit HUC) and minor (14 digit HUC) watersheds 
are sampled, along with the major watershed (8 digit HUC) outlet to provide a complete water quality 
assessment. Sites are selected near the outlet or “pour point” at all watershed scales. This approach 
provides robust assessment coverage of rivers and streams without monitoring every single stream 
reach. The MPCA’s intensive monitoring of the Snake River was scheduled to begin 2013.  Data 
assessments were not available for this report. The following is an excerpt from http://www.pca. 
state.mn.us/index.php/view-document.html?gid=10230 
 

The outlet of the major watershed is sampled for biology, water chemistry, and fish contaminants 
to allow for the assessment of aquatic life, aquatic consumption, and aquatic recreation use 
support. Each 11 digit HUC pour point is sampled for biology and water chemistry to support the 
assessment of aquatic life and aquatic recreation use support. Watersheds at this scale generally 
consist of major tributary streams with drainage areas ranging from 75 to 150 square miles. Lastly, 
most minor watersheds (typically 10-20 square miles) are sampled for biology to assess for aquatic 
life use support.  The second step of the intensive watershed monitoring effort consists of follow up 
monitoring at all 11 digit HUC’s determined to have impaired waters. This follow up monitoring is 
designed to identify the source(s) and cause(s) of impairment.  
 
In addition to the MPCA’s intensive watershed monitoring effort described above, the Minnesota 
Department of Agriculture (MDA) monitors pesticides in Minnesota water resources to identify 
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surface water pesticides of concern, trends over time, provide information on the effectiveness of 
pesticide management plans and BMP, and provide data needed by the MPCA to assess water 
quality. This information can also be factored into the watershed framework, further enhancing our 
understanding of water quality within each watershed. 

4.5 MINNESOTA DEPARTMENT OF NATURAL RESOURCES AND 
MINNESOTA POLLUTION CONTROL AGENCY COOPERATIVE STREAM 
GAUGING PROGRAM 

The MNDNR and MPCA operate a cooperative river-gauging program that includes three active stations in 
the SRW listed in Table 4-2 and depicted in Figure 4–2. Flow gauging for these stations does double duty 
for river flooding prediction by the NWS, including NWS River Flood Gages, MKLM5–Snake near above 
Warren, ALVM5–Snake River above Alvarado, and AGYM5–Middle River at Argyle.   
 

Table 4-2.  Snake River Watershed Stream Gage Descriptions 

Gage Gage Description 
Corresponding 
Water Quality 

Station 

Data 
Availability 

Drainage Area  
(mi 2) 

DNR 68006002/ 
USGS 05085900/ 
(Inactive) 

Snake River above 
Alvarado, MN S004–142 January 1995–

September 1996 307 

DNR 68006001/ 
USGS 05086000 
NWS ALVM5 

Snake River at Alvarado, 
MN S004–142 September 2004–

December 2013 309 

DNR 68017001 
USGS 05087500/ 
NWS AGYM5 

Middle River at Argyle, 
MN S000–700 January 1995–

December 2013 255 

DNR 68031002 
USGS 0508540/ 
NWS MKLM5 

Snake River near 
Warren, MN S003–101 November 2008–

November 2013 176 

DNR 68032002/ 
USGS 05085420 
(Inactive) 

Snake River above 
Radium, MN S004–152 September 2004–

October 2008 30 
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Figure 4-2.  Discharge Gage Locations Within the Snake River Watershed.
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5.0 FUTURE MONITORING OPTIONS 

5.1 MONITORING OBJECTIVE 1—PERFORMANCE OF FLOOD REDUCTION 
AND STORAGE PROJECTS 

Discharge data were summarized for the four sites within the SRW that have continuous discharge data 
during the most recent 10-year assessment period, including the following MNDNR gages: 68032002 
located on the Snake River near Radium, 68031002 located on the Snake River above Warren, 68006001 
located on the Snake River above Alvarado, and 68017001 located on the Middle River at Argyle. MNDNR 
gage 68006002 was discontinued in 1996 (before the current assessment period) and relocated 
downstream as MNDNR gage 68006001; therefore, data summaries are not included for this site. There is 
no continuous gauging station located on the Snake River below its confluence with the Middle River. The 
combined flow estimates are available from HSPF model predictions but are not included in this analysis.  
As shown in Table  5-1 , MNDNR gage 68017001 on the Middle River has continuous data throughout the 
entire evaluation period. Two of the gages on the Snake River (68032002 and 68006001) are missing 
winter and early spring (November through March) measurements.  Flows should be continuously 
monitored over the entire annual cycle (including winter and early spring) at each station whenever 
possible to better address monitoring objectives. In cases where the system has iced over and no stream 
flow exists, this information should be noted in the metadata. This recorded data ensures that zero flow 
values because of ice are not recorded as missing values, which allows for more informed data analyses.    
 
The Snake River sites exhibit excessive peaks and low-flow conditions. Table 5-1 shows the calculated  
7-day low flow, average annual flow, and peak flow for each gaged site.  The extent of no flow or very 
low-flow conditions (highlighted in yellow in Table 5-1) presents substantial challenges to maintaining 
biological integrity in this system because of the inability of the system to buffer temperature fluctuations 
and maintain the necessary dissolved oxygen concentrations to support aquatic life. In a similar fashion, 
peak flow conditions have been associated with soil erosion and transport within the system, as 
monitored by turbidity and total suspended solids (TSS), and causes violation of water quality standards.  
Peak flows that are greater than ten times the average annual flows have been highlighted in brown in 
Table 5-1. Two levels of flow assessment will help evaluate performance of flood reduction projects.  
 
Level I. Tracking of Impounded Water Levels: This is a rapid assessment procedure to 
quantitatively document storage/impoundment volumes of water stored within the SRW flow network.  As 
peak events occur with off-line runoff storage, water levels can be recorded over time and converted to 
storage volumes.  When used with continuous flow records, the reduction of flood peaks and dry period 
base flows can be determined and compared to design specifications.  
 
Level II. Flow Analysis: This is a more advanced assessment based on the continuous flow records for 
each of the SRW gauging stations to identify the magnitude, frequency, and duration of high- and low-
flow events.     

5.1.1 Recommendations and Considerations for Monitoring Objective 1   

The following items are recommended for Monitoring Objective 1:  

5.0 
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1. Install a continuous stream gage below the confluence of the Snake and Middle Rivers, provided 
that backwater effects from the Red River of the North do not make this infeasible: 

2. Restart continuous flow monitoring at MNDNR station 68032002 (Snake River above Radium, MN) to 
provide flow data that characterizes the headwater conditions of the Snake River.  

3. Extend continuous flow monitoring, as possible, throughout the entire year at each site.  This will 
improve the ability to detect reductions of peak spring flows as well as detect increases in base 
flows from watershed flood reduction and storage projects.  

4. Annual summarization of continuously recorded flows should be accomplished and may follow the 
example presented in Table 5-1.  

5. Additional flow-related performance measures (metrics) may include (1) number of bankfull 
events per year and season, (2) monthly mean flows, and (3) frequency and intensity of high-
and low-flow events.  

6. For each cycle of flow assessment, comparable precipitation data should be compiled and 
summarized. Dry period duration and intensity data can be obtained from the state climatologist.  

Table 5-1.  Summary Statistics for Each Discharge Gage 

Flow Gage DNR 68032002 (a) DNR 68031002 DNR 68006001 (b) DNR 68017001 

Water 
Quality Site S004-152 S003-101 S004-142 S000-700 

Description Snake River above 
Radium, MN 

Snake River near 
Warren, MN 

Snake River at  
Alvarado, MN 

Middle River at     
Argyle, MN 

Drainage 30 mi 2 176 mi 2 307 mi 2 255 mi 2 

Water Year 

Flow Flow Flow Flow 

(cfs) (cfs) (cfs) (cfs) 

7-day 
Low 

Avg. 
Ann. Peak 7-day 

Low 
Avg.
Ann. Peak 7-day 

Low 
Avg.
Ann. Peak 7-day 

Low 
Avg. 
Ann. Peak 

2004      0.15 101 1,950 

2005 0.05 30 392   1.64 168 2,430 

2006 0 23 810   0 120 2,770 0.34 103 3,500 

2007 0 12 226   0 55 838 0.37 48 572 

2008 0 3 56   0 13 264 0.07 19 144 

2009    0.43 103 1740 0.4 119 1,600 2.36 155 1,770 

2010    0 67 864 0.04 76 1,320 1.56 104 1,550 

2011    0 95 719 1.45 109 753 1.11 157 1,580 

2012    0 5 109 0 12 502 0 15 388 

2013    0 36 755 0 54 1,120 0.16 36 1,350 

(a) Dataset does not include winter values. 
(b) Dataset does not include winter values for Water Year 2004–2007.

5.2 MONITORING OBJECTIVE 2—COMPLIANCE TO SURFACE AND 
GROUNDWATER QUALITY STANDARDS 

5.2.1 Water Quality  

Degraded water quality, sufficient to violate state water quality standards, was identified by the MPCA for 
six stream segments within the SRW, which encompasses the entire length of both the Snake River (five 
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segments) and Middle River (one segment). The causes of impaired water quality for each stream 
segment vary and include low dissolved oxygen and excessive turbidity on the Middle River and the two 
most downstream reaches on the Snake River, impaired biota (fisheries) and low dissolved oxygen on 
Snake River’s third reach, impaired biota (fisheries) and turbidity on the Snake River’s fourth reach, and 
low dissolved oxygen on the Snake River’s headwater reach.  The MPCA recently promulgated growing 
season standards for TSS and replaces turbidity and river eutrophication standards for phosphorus that 
are linked to algae (chlorophyll a), biochemical oxygen demand (BOD5) (organic matter), and daily 
fluctuations of dissolved oxygen (diel oxygen flux).  Impaired stream segments are described in Table 5-2 
and depicted in Figure 5-1. 

Table 5-2.  Impaired Waters Within the Snake River Watershed 

Reach 
Name 

Reach 
Description 

Assessment 
Unit 

Identification 
Number 

Affected 
Designated 

Use 

Pollutant 
or 

Stressor 

Year Placed 
in 

Impairment 
Inventory 

EPA 
Category

Snake River Middle River to Red 
River 09020309-501 Aquatic life 

DO 2010 
5A 

Turbidity 2013 

Snake River CD 3 to Middle River 09020309-502 Aquatic life 
DO 2012 

5A 
Turbidity 2012 

Snake River CD 7 to CD 3 09020309-503 Aquatic life 
DO 2010 

5A 
Fish 2010 

Snake River South Branch Snake 
River to CD 7 09020309-504 Aquatic life 

Fish 2010 
5A 

Turbidity 2010 

Middle River Headwaters to 
Snake River 09020309-505 Aquatic life 

DO 2015 
5A 

Turbidity 2009 

Snake River Headwaters to South 
Branch Snake River 09020309-506 Aquatic life DO 2012 5C 

 

Conditions monitoring is conducted to determine whether or not a waterbody is supporting its legally 
defined beneficial uses, such as providing drinking water supplies, aquatic life, recreation, and agricultural 
and industrial water supplies. For the SRW, the majority of conditions monitoring will occur during the 
growing/recreation season (specific to each parameter) with a heavy reliance upon grab sampling for TSS 
(April 1 through September 30), total phosphorus/chlorophyll a/ five day BOD5 (June 1 through 
September 30), E. coli (April 1 through October 31), ammonia (year-round), and chlorides (year-round). 
Tracking of daily dissolved oxygen fluctuations will require placing automated oxygen sensors over 
several day periods (June 1 through September 30).  Monitoring will also be conducted to support river 
eutrophication assessments, as described in Minnesota’s newly promulgated river eutrophication 
standards: 
 

River sites subject to assessments will be monitored about 6-8 times each summer for a minimum 
of two summers. All available data from the most the most recent 10-year period will be used in 
the assessment. For some rivers the assessment will be based on data from the two years of 
targeted monitoring while for others there may be multiple years of data available within the 10-
year period.TP and sestonic chlorophyll a data will be averaged for the entire period and compared 
to the RNR-based criteria. BOD5, diel DO flux and pH data (when available for the assessment 
period) may be considered as well in the assessment. Stream sites that exceed the causative 
variable – total phosphorus (TP) and one or more of the response (stressor) variables will be 
deemed impaired and the river reach (AUIDs) will be included on Minnesota’s 303(d) list. [Heiskary 
et. al., 2013]. 
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Figure 5-1. Impaired Waters Within the Snake River Watershed.
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5.3 MONITORING OBJECTIVE 3—TRACKING PERFORMANCE OF 
RESTORATION AND PROTECTION PROJECTS TO IMPROVE  
WATER QUALITY 

There is an increasing emphasis by state and federal granting agencies to obtain performance evaluations 
of restoration projects funded by public dollars.  In response, several levels of performance assessments 
have been developed, varying from relatively simple (visual) observations to detailed monitoring of river 
flows, pollutant concentrations, and biological characteristics. Corresponding levels of professional 
expertise are required to perform these assessments, which range from trained volunteers to experienced 
technicians.  These assessment options may be used in various combinations over time, depending upon 
information requirements, budgetary constraints, time periods, and legal requirements.   Lastly, detecting 
water quality trends typically requires advanced levels of monitoring and assessment that incorporate 
statistically-based sampling designs. 
 
Level I. Sequential Diagnostics: This is a less intensive assessment method that measures 
performance of a practice during precipitation or snowmelt events by measuring influent and effluent 
flow rates; collecting influent and effluent samples for analysis; and comparing influent and effluent 
volume, pollutant concentration, or pollutant loads.  Pollutant sampling will vary as to specific 
requirements and may include laboratory analysis of the following:   

• TSS 
• Total suspended volatile solids (TSVS)  
• Turbidity  
• Dissolved ortho-phosphate phosphorus (DOP)  
• TP  
• Nitrate-nitrite nitrogen (NO3+NO2-N). 

 
Level II. Water Quality Trend Detection: This is the most comprehensive form of monitoring 
typically requiring continuously recorded flows coupled with pollutant sampling as defined by the MPCA’s 
Watershed Pollutant Load Monitoring Network, as follows:  
 

Approximately 35 water quality samples are collected annually at basin and major watershed sites 
and 25 samples collected seasonally at subwatershed sites. Because correlations between 
concentration and flow exist for many of the monitored analytes, and because these relationships 
can shift between storms or with season, computation of accurate pollutant loads requires frequent 
sampling of all major runoff events. Low-flow periods are sampled less frequently as concentrations 
are generally more stable when compared to periods of elevated flow. Despite discharge related 
differences in sample collection frequency, this staggered approach results in samples being well 
distributed over the entire range of flows. Annual water quality and daily average discharge data 
are coupled in the “FLUX32” pollutant load model, to create concentration/flow regression 
equations which are used to estimate pollutant concentrations and loads on days when samples 
were not collected. Primary output includes annual and daily pollutant loads and FWMC. Loads and 
FWMCs are calculated for TSS, TP, DOP, NO3+NO2 -N and TKN.  

 
Laboratory samples are analyzed for:  

• TSS  
• TSVS  
• Turbidity  
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• DOP  
• TP  
• Nitrate-nitrite nitrogen (NO3+NO2-N)  
• Total Kjeldahl nitrogen (TKN)  

 
(excerpt from MPCA, 2014 http://www.pca.state.mn.us/index.php/view-document.html?gid=17006) 
 
Management decisions also require an adequate understanding of the sources and magnitudes of system 
variability. Basic hydrologic cycle components are changing (e.g., wet and dry periods, precipitation 
intensity/duration changes, temperatures and growing seasons). Agricultural and urban-dominated 
systems have responses that are typically much more variable (within-year and year to year) than those 
of natural systems, largely because of substantial artificial drainage and watercourse alterations.  Hence, 
measures of system variability should be included in performance evaluations.  
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The SRW covers most of Marshall County, Minnesota, and is a major tributary to the Red River of the 
North draining to Lake Winnipeg.  Today’s heavy, fine-grained soils and flat topography are the result of 
thousands of years of deposition in glacial Lake Agassiz. Because of its rich soils, land use in the Snake 
River Watershed is primarily dedicated to food production. As in urban areas, artificial drainage is heavily 
relied upon in agricultural areas to divert excess accumulations of moisture from soils and surfaces.  The 
combination of flat topography, limited upland storage via wetlands and lakes, heavy soils, and altered 
watercourses has contributed to rapid runoff and flooding.  Management efforts to date have been 
primarily focused on flood reduction and mitigation measures, where excessive sediment losses are 
another a common concern; however, the area is also prone to dry periods that reduce stream flows to 
very low levels imposing substantial limits to fish and aquatic life. Consequently, water quality can be 
poor with most of the Snake River not meeting state water quality standards.   
 
Looking forward, new management initiatives will be developed to reduce flooding and improve 
conservation of soil and water. Significant local-, regional-, and state-led data collection efforts provide 
vital information for the MSTRWD to use in developing cost-effective, watershed-based management 
options.  Better views of the system as a whole are available through use of watershed-wide tools that 
will help evaluate cumulative costs and benefits from treatments organized by sub-drainage area. Much 
as in the developed/urban stormwater context, there will be opportunities to use best practice treatments 
linked in series to reduce runoff volumes and pollutant loads before discharge to the Snake and Middle 
River reaches.    
 
Costs and benefits are primary management concerns in designing flood reduction and conservation 
measures; however, once constructed, publicly funded treatments must be evaluated as to performance 
to goals.  Hence, three monitoring goals were identified to track: 

• Performance of flood reduction and storage projects 

• Compliance to surface and groundwater quality standards 

• Performance of restoration and protection projects to improve water quality.   

 

Overall Recommendations 

1. Reducing peak runoff and soil erosion are common themes to all three of performance goals 
stated above and serve as a solid foundation for subsequent considerations.  

2. Continuation of four continuous flow gauging stations should be a high priority for tracking long-
term performance of flood reduction measures and conservation practices to reduce sediment and 
phosphorus losses. Additionally, continuous flow monitoring is recommended to be restarted on 
the Snake River near Radium, and installing a continuous flow gage below the confluence of the 
Snake and Middle Rivers is recommended to be investigated. As possible, year-round monitoring 
should be pursued for all key sites.  

3. Weather patterns have been changing with some positive and several negative aspects.  Close 
tracking of annual and seasonal weather patterns is recommended with increasing emphasis on 
defining snow melt, wet and dry periods, and aspects that will help the agricultural community 
competitiveness and better address water quality issues.  

6.0 
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4. Increasing attention will be paid to improving the river’s biology.  Reducing peak runoff and 
increasing base flows will be beneficial for river biology.  Performance of these efforts can be 
tracked by using existing flow gauging stations.  

5. Continue to advance remedial actions as possible within the watershed.  As feasible, smaller scale 
area project performance can be tracked with paired watershed or time-series monitoring.  
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