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Abstract  

In 201 6, the Mississippi Watershed Management Organization (MWMO) continued  monitoring the 
water quantity and quality of stormwater drainage systems to the Mississippi River. A network of 
precipitation gauges throughout the watershed collected data on rain and snow patterns. Three 
wetlands (the Kasota Ponds) were monitored for wa ter quality and their vegetation and invert ebrate 
communities were sampled . The MWMO also contracted with the Anoka Cons ervation District (ACD) 
to carry out water level and water quality monitoring on Sullivan Lake and Highland Lake in 
Columbia Heights.  

MW MO staff continued collecting water quality samples from three different reaches of t he 
Mississippi River. Bathymetric  data were also collected between Lock and Dam 1 and the Canadian 
Pacific Railway (CPR) Bridge near N . 41st Avenue. In 2016 MWMO staff als o began to monitor the 
efficacy of some recently constructed best management practices (BMP s) within the watershed . 
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Acronyms and Abbreviations  

1NE stormwater outfa ll near the Excel Riverside Plant in Northeast  Minneapolis at RM 
857.2E 

2NNBC  Old BassettɅs Creek Tunnel outlet at RM 854.8W 

4PP  stormwater outfall near the I -35W Bridge at RM 853.2W  

6UMN   stormwater  outfall near the University of Minnesota Coal Storage Facility at RM 853.0E  

7LSTU  Bridal Veil Tunnel outlet at RM 851.6E  

10SA St. Anthony Village stormwater drainage system sampling location, the outlet to the 
river is several miles away at RM 853.2E  

11CHF              stormwater outfall near the Minneapolis Public Works Fridley Water Treatment 
PlantɅs property in the Anoka County Riverfront Regional Park at RM 859E 

ǇS  micro Siemens  

ACD  Anoka Conservation District  

BMP  best management practice  

C  Celsius 

cf  cubic foot  

cfs  cubic feet per second  

CFU  colony forming unit  

cm  centimeter  

D.O.  dissolved oxygen  

DI  deionized  

E. coli   Escherichia coliform  

EPA  U.S. Environmental Protection Agency  

EQuIS  Minnesota Pollution Control Agency Ʌs water quality database  

F  Fahrenheit  

ft   foot  

GIS  geographic information system  

GPS  global positioning system  

IBI   Index of Biological Integrity  

in   inch  

in/hr   inches per hour  

KP  Kasota Ponds  
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L  liter  

m  meter  

MCES  Metropolitan Council Environmental Services  

mg  milligram  

mL   milliliter  

MPCA  Minnesota Pollution Control Agency  

MPN  most probable number  

MPRB  Minneapolis Park and Recreation Board  

MR  Mississippi River  

MS4  municipal sep arate storm sewer system  

MWMO  Mississippi Watershed Management Organization  

n/a  not applicable  

NAVD88 North American Vertical Datum, 1988  

NCHF  North Central Hardwood Forest ecoregion  

NGVD29  National Geodetic Vertical Datum, 1929  

NOAA  National Oceanic  and Atmospheric Administration  

NPDES  National Pollutant Discharge Elimination System  

OHWL   Ordinary High Water Level  

PCBs  polychlorinated biphenyls  

ppt   parts per trillion  

PVC  polyvinyl chloride  

RM  river mile upstream from the confluence of the Missi ssippi and Ohio Rivers in Cairo, IL  

SAFL  St. Anthony Falls Laboratory  at the University of Minnesota  

TMDL   total maximum daily load  

USACE  United States Army Corps of Engineers  
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Glossary  

Automatic sampler:  equipment that is programmed to collect water samples based on the 
parameters in the program. It allows for the collection of samples without staff being present during 
a precipitation or snow melt event . 

Baseflow:  sustained flow in the stormwater drainage system that is the result of groundwate r 
seepage or perm itted discharge into the system . 

Best Management Practice  (BMP) : technique, measure  or structural control that is used to manage 
the quantity and improve the quality of stormwater runoff . 

Composite sample:  a water sample that contains wat er collected during a precipitation or snow melt 
event at specific  intervals throughout the event . 

Confined space: a space defined by the existence of all of the following conditions:  

¶ is large enough and so configured that an employee can bodily enter and  perform assigned 
work ; 

¶ has limited or restricted means for entry or exit (for example, manholes) ; and  

¶ is not designed for continuous employee occupancy . 

Discharge:  rate of flow in a pipe or stream, expressed as a volume per unit time, most commo nly 
cubic feet per second (cfs) . 

Eutrophic ation : excessive richness of nutrients in a lake or other body of water . Eutrophic water 
bodies support high algal growth and can become anoxic .  

Flow -paced: water samples collected with the automatic sampler after a specific volume of water has 
passed by the sensor . 

Grab sample:  a single wate r sample submitted for analysis . 

Illicit discharge:  any discharge to the stormwater drainage system that is not composed entirely of 
stormwater . Except ions  include discharges allowed under a NPDES permit or water u sed for 
firefighting operati ons. 

Impaired: a waterway that is considered too polluted or otherwise degraded to meet the water 
quality standards set by states, territories,  or authorized tribes in the U nited States.  

Index of Biological Integrity (IBI): a regionally based index used to  measure the integrity of 
waterbodies and to determine the level of their biotic impairment. The IBI relies on multiple 
parameters (termed "metrics") based on macroinvertebrate or aquatic plant community structure 
and function, to evaluate a complex biotic  system.   

Macroinvertebrate: invertebrate fauna that can be captured by a 500 µm net or sieve.  

Outfall:  the end of a stormwater pipe, where the stormwater enters the receiving waterbody .  
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Pipeshed:  an area of land where water from precipitation or snow melt drains into a waterbody 
through a man -made conveyance system of stormwater pipes (as opposed to natural systems such as 
streams). A pipeshed is not as l andscape -driven as a w atershed .  

Rain event: precipitation  greater than 0.01 inches occurring eight  or more hours after the last 
precipitation.  

Secchi tube: a plastic cylinder  100 cm in length with a small black and white disk attached to a string 
that is used to measure wate r clarity . This tube  is designed to function like the traditional Secc hi disk 
used in lake monitoring . 

Specific conductivity: a measure of how well water can conduct electrical current for a unit length 
and unit cross -section at a certain temperature. Conductivity increases with the amount of ions in 
water. These ions come from the breakdown of compounds and conduct electricity b ecause they are 
positively or negatively charged when dissolved in water. Therefore, specific conductivity is an 
indirect measure of the presence of dissolved solids such as chloride, nitrate  and sulfate, and can be 
used as an indicator of water pollutio n.  

Stormflow:  water flowing in stormwater pipes during storm (precipitation) and snow melt events. 
Stormflow in pipes is typically short in duration and has a high velocity . 

Stormwater:  water that is not infiltrated during and immediately following a rain  or snow melt 
event . 

Stormwater drainage system:  a series of roadways, curbs, catch basins, pipes, and tunnels that 
carry stormwater or snow melt from the s urface to a receiving waterbody . Note: sanitary and 
stormwater pipes are ty pically separated in Minn esota. 

Tail water : a condition where the Mississippi River water level is high enough to enter stormwater 
outfalls  and mix with outflowing stormwater, which can  interfere with data collection . 

Trophic State Index: a standardized method of comparing phosphorus and algal concentrations 
across water bodies, using measures of phosphorus, chlorophyll -a and Secchi depth transparency. 
Trophic states range from oligotrophic, mesotrophi c, eutrophic  to hypereutrophic . 

Total Maximum Daily Load  (TMDL) : a calcu lation of the maximum amount of a pollutant that a 
waterbody can receive daily and still safe ly meet water quality standards . 

Watershed:  an area of land where surface water (from rain or snow melt) runoff and groundwater 
drain into a waterbody. Watershed b oundaries are defined by elevation . 
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Annual Monitoring Report 2016  

Executive Summary  

The annual monitoring report details the monitoring activities of the Mississippi Watershed 
Management OrganizationɅs (MWMO) 2016 monitoring season. Each year, MWMO staff complete an 
annual monitoring report that summarizes  the yearɅs monitoring activities and outlin es the next 
yearɅs work plan. Current and past reports are available on the MWMO website at 
mwmo.org/reports/water -quality -monitoring .  

The MWMO monitors water quality in the watershedɅs stormwater drainage system, the Mississippi 
River  and wetlands. Within these systems, major fa ctors influencing water quality include the 
amount of precipitation, timing of precipitation events  and land use practices in the watershed. Long -
term monitoring is necessary to characterize the impact of various land use practices on surface 
water runoff  within the MWMO and, ultimately, the Mississippi River. Water quality in the 
Mississippi River is also influenced by precipitation and land use practices in the entire Mississippi 
River basin upstream of the MWMO. Long -term monitoring of the river will ai d the understanding of 
upstream weather patterns and land use impacts on the MWMO watershed.  

The 2016 monitoring season included: collection of precipitation data from eight  monitoring 
locations, collection of bacteria samples from seven locations in the Mississippi River and five  
stormwater drainage system sites, automated collection of water quantity and water quality data 
from six  stormwater outfall sites draining to the Mississippi River and one stormwater pipe at the 
jurisdictional boundary of the Cit ies of Saint Anthony Village and Minneapolis, collection of water 
quality samples from the Mississippi River, and collection of water quality samples from three 
wetlands. The Anoka Conservation District (ACD) collected water elevation  and water quality  data at 
Sullivan Lake  and Highland Lake  for the MWMO.  

Portions of the  14-mile stretch of the Mississippi River in the MWMO are listed on the Federal Clean 
Water ActɅs Section 303(d) list of impaired waters for fecal coliform. The Minnesota Pollution Control 
Agency (MPCA) has moved from a fecal coliform standard to an Escherichia coliform  (E. coli)  
standard ; therefore , all fecal coliform impairments are now evaluated with E. coli data. Long -term 
monitoring of both the river and the stormwater  drainage system is necessary to evaluate E. coli 
inputs from within the watershed compared to those inputs from upstream sources. The MPCA 
initiated the Upper Mississippi River Bacteria Total Maximum Daily Load (TMDL) Project in 2008 to 
develop daily E. coli  load limits for the Mississippi River (MPCA, 2012). In 2014, the MPCA released its 
Upper Mississippi River Bacteria TMDL Study and Protection Plan (MPCA, 2014). This document 
designated the stretch of the Mississippi River within the MWMO as a Protecti on Reach and deferred 
it for a TMDL study.  

http://mwmo.org/reports/water-quality-monitoring/
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MWMO staff began collecting water quality samples from the Mississippi River during 2014 and 
continued this sampling in 2015  and 2016 . The purpose of monitoring the water quality of the 
Mississippi River is to est ablish baseline water quality data that can be used for the management of 
the river. Water quality measurements and samples were collected at eight sites, twice per month in 
April ɀ November and once per month during December  ɀ March . Monitoring sites on the Mississippi 
River and within the MWMOɅs boundaries were selected to represent three distinct reaches of the 
river. Samples were collected from the middle of the river at three feet below the water su rface and 
were analyzed for nutrients, sediment, inorganics, organics  and metals.  

The MWMO continued monitoring water quantity and water quality of the watershedɅs stormwater 
drainage system by monitoring baseflow, snow melt events  and rain events in six  stormwater tunnels 
draining to the Mississippi River. Samples were analyzed for nutrients, sediment, inorganics, organics  
and metals. Water quality standards do not exist for stormwater; therefore, data were not compared 
to standards but are summarized  in subsequent sections of the annual monitoring report. The 
MWMO will continue to monitor stormwater drainage systems to develop a record of baseline data 
with which to characterize stormwater quality within the watershed. The MWMO also provid es 
stormwate r data to the MPCA for TMDL  projects within the watershed.  

The MWMO contracted with the  ACD to conduct water level  and water quality monitoring activities 
on Sullivan Lake  and Highland Lake  in Columbia Heights. A volunteer, in coordination with ACD, 
conduc ted regular  water level monitoring during 201 6 between April and  September . ACD also 
collected monthly water quality samples at each lake. Samples were analyzed for indicators of lake 
status such as nutrient levels and water clarity. Summaries of these dat a are included in this report.  

The MWMO also continued monitoring three wetlands known as Kasota Ponds. Samples were 
collected for nutrients, sediment, inorganics  and metals analyses. The MPCA water quality criteria 
indicate that wetland water quality sh ould maintain background conditions. MWMO staff also 
conducted wetland vegetation and macroinvertebrate surveys in each of the three wetlands. The 
results of this survey are used to as sess the relative condition of the wetlands  

MWMO staff  continued to collect bathymetric data on the Mississippi River between Lock and Dam 1 
and the Canadian Pacific Railway (CPR) Bridge in line with N . 41st Avenue. The purpose of collecting 
Mississippi River bathymetric data is to provide baseline data on the morphology of the river bed . In 
2016, the MWMO also began to monitor the effectiveness of some newly installed best management 
practices (BMP s) within the watershed. This year, BMP s were instrumented with water quality and 
quantity sampling equipment i n order to assess the efficacy of each BMP at remov ing  pollutants from 
stormwater. The first complete year of data will be collected and analyzed in 2017 .
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Introduction  

The MWMO established the monitoring program to provide a scientific basis for identifying and 
evaluating water quality and quantity issues, implementing solutions to improve water quality, 
and reestablishing natural water regimes in the watershed. The objectives of  the monitoring 
program are to:  

¶ Monitor biological, chemical, and physical parameters of water resources in the 
wa tershed  

¶ Monitor water quality within the watershed  

o Develop a record of baseline data to characterize water quality and identify 
pollutants that exceed water quality standards  

o Assess water resources for pollutants listed on the Minnesota Impaired Waters list 
for the TMDL process  

¶ Collect rate and volume data  for the Mississippi River  and key subwatersheds  

¶ Monitor performance of stormwater management practices  

¶ Collaborate with stakeholders to identify and apply a standardized data collection and 
assessment approach  

¶ Develop partnerships and collaborate with other organizations and/or agencies, both 
inside and outside the watershed boundaries, to improve water quality in the Mississippi 
River  

¶ Assess land use impact on water quality  

¶ Participate in the technical  development and update of statewide monitoring databases  

¶ Make data accessible to the public and public entities and to MWMO staff for use as an 
education tool (e.g. , BMP performance data)  

¶ Develop an emergency monitoring plan in case of emergencies affecti ng water resources  

New BMP s within the watershed were monitored for their effectiveness at pollutant removal and 
bathymetric data were collected for the Mississippi River. Refer to Figure 1 below  for a ma p of the 
MWMO boundary. Descriptions of the sampling sites are found in subsequent sections of this 
report.  
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Figure 1. MWMO watershed boundary and Headquarters.  
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Background  

The MWMO was established in 1985 by a Joint Powers Agreement among member organizations. 
In 2012, the MWMO boundaries expanded to include portions of the Cities of Fridley and 
Columbia Heights and the  entire  City of Hilltop. The MWMO watershed boundaries are shown in 
Figure 1. The MWMO is a unique organiza tion in that it includes a 14 mile stretch of the 
Mississippi River as it runs through Minneapolis and St. Paul. The reach of the Mississippi River 
included in the MWMO extends from 1.25 miles upstream of the Interstate -694 (I-694) bridge in 
Fridley to Loc k & Dam No. 1 (Ford Dam). There are three lakes within the MWMOɅs boundaries: 
Loring Pond in Minneapolis, Sullivan Lake (formerly known as Sandy Lake) and Highland Lake in 
Columbia Heights.  

Minnesota regulations require that the MWMO protect water quality in the watershed. Minnesota 
Rules Chapter 7050 requires that all waterbodies comply with state water quality standards. 
Furthermore, section 303(d) of the Federal Water Pollution Control Act (commonly known as the 
Clean Water Act) requires states to develo p TMDLs for waters with impaired uses. Impaired 
waters are those waters that exceed water quality standards for their classified use. Some typical 
classifications include drinking water , aquatic  life , and recreation (swimming and fishing). 
According to Min nesota Rules Chapter 7050, the stretch of the Mississippi River within the MWMO 
watershed is divided into two reaches for classification. Table 1 highlights the most restrictive 
classifications.  

The MWMOɅs stretch of the Mississippi River is listed on MPCAɅs 303(d) list of impaired waters for 
fecal coliform/ E.coli , mercury, and polychlorinated biphenyls (PCBs). The MPCA divided the 
stretch of the Mississippi River flowing through the MWMO into three reaches. Table 2 lists the 
impaired reaches of the river a nd the corresponding pollutants of concern. The MPCA has written 
a statewide TMDL for mercury (MPCA, 2007). Both Sullivan Lake and Highland Lake are listed on 
the 303(d) list of impaired water s for nutrient/eutrophication and biological indicators. All thr ee 
of the Kasota Ponds and Loring Pond are listed on the 2014 Impaired Waters List for chloride 
impairments.  

Protecting water quality in the Mississippi River is a complicated task. The Mississippi River 
flowing through the MWMO is densely urbanized with commercial, industrial, residential, park 
lands, and downtown Minneapolis land uses , all of which contribute  to the volume and quality of 
the water entering the river through the stormwater drainage systems. The MWMO monitors 
stormwater drainage systems to determine the water quantity and water quality contributions of 
surface runoff from the watershed to the riv er. However, the entire Mississippi River basin 
upstream of the MWMO watershed boundary also contributes to water quality in the MWMOɅs 
stretch of the river.  
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Table 1. Water use classifications for waterbodies in the MWMO  

 

  

Waterbody  Water Use Classification  

Mississippi River, MWMO upstream boundary to Upper 

Saint Anthony Falls  

1C, Domestic consumption (drinking water)  

2Bd Aquatic life and recreation and source of 

drinking water  

Mississippi River, Upper Saint Anthony Falls to Lock &  

Dam 1 (Ford Dam)  

2B Aquatic life and recreation  

Loring Pond  2B Aquatic life and recreation  

Sullivan (Sandy) Lake  2B Aquatic life and recreation  

Highland (Unnamed) Lake  2B Aquatic life and recreation  

Mallard Marsh  (Kasota Pond East)  2D Aquatic life and  recreation  

Kasota Pond North  2D Aquatic life and recreation  

Kasota Pond West  2D Aquatic life and recreation  
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Table 2. Pollutants in impaired waters  

 

The Upper Mississippi River is a large, dynamic river system that includes runoff from forested 
areas near the source at Lake Itasca, agricultural runoff from the central region of Minnesota, and 
the urbanized areas of Saint Cloud and the Twin Cities Metro area. Since precipitation produces 
surface runoff, precipitation differences throughout the upper Mississippi River basin can affect 
water flow and water quality in the MWMOɅs stretch of the Mississippi River.  

Thus, if large amounts of rainfall have washed pollutants from upstream  into the river, it is 
possible that flows could increase and water quality could decline, even though it has not rained 
in the MWMO watershed. In cooperation with other federal and state agencies as well as 
watershed management organizations and districts , the MWMO plans to investigate the upstream 
impact on water quality to discern the effect of precipitation in other portions of the state on 
water quality in the MWMOɅs stretch of the Mississippi River.  

Impaired Waterbody  Pollutant  

Mississippi River, MWMO upstream boundary to Upper 

Saint Anthony Falls  

Fecal coliform/ E.coli , mercury in fish tissue, 

polychlorinated biphenyls (PCBs) in fish tissue  

Mississippi River, Upper Saint Anthony Falls to Lower 

Saint Anthony Falls  

Mercury in fish tissue, PCBs in fish tissue  

Mississippi River, Lower Saint Anthony Falls to Lock & 

Dam 1 (Ford Dam)  

Fecal coliform/ E.coli , mercury in fish tissue  

Loring Pond  Chloride  

Sullivan (Sandy) Lake  Nutrient/eutrophication biological indicators  

Highland (Unnamed) Lake  Nutrient/eutrophication biological  indicators  

Mallard Marsh  (Kasota Pond East)  Chloride  

Kasota Pond North  Chloride  

Kasota Pond West  Chloride  
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Further complicating the investigation of water vol ume and quality in the r iver are the 
groundwater connections . Groundwater may carry pollutants from upstream in the Mississippi 
River basin to the MWMOɅs stretch of the river. Conversely, p ollutants may also leach from the 
river into the groundwater system . It is quite difficult to track potential groundwater inputs from 
an area as large as the Mississippi River basin upstream of the MWMO to the MWMOɅs stretch of 
the river. The MWMO has long -term plans to coordinate with organizations and agencies in the 
upper portion of the basin to improve water quality in the Mississippi River.  

Precipitation Monitoring  

Precipitation determines surface runoff and is arguably the greatest factor controlling surface 
water quality. As stated in the Background section of this monitoring report, water quality in the 
MWMOɅs stretch of the Mississippi River is affected by precipitation in the entire Mississippi River 
basin upstream of the MWMO, including trib utary watersheds to the river.  

The MWMO collects precipitation data from  a variety of sources, including gauges installed and 
operated by external entities , as well as those operated by the MWMO itself. Figure 2 shows 
locations of all  precipitation gauges  utilized by the MWMO . Tables 3 and 4  show 2016 monthly 
precipitation val ues for several locations in the Upper Mississippi River Basin between St. Cloud 
and the Minneapolis -St. Paul (MSP) International Airport. Table 3  includes data from non -MWMO 
gauges only. Precipitation data at the St. Anthony Falls Laboratory (SAFL) site w ere collected by 
SAFL personnel. Precipitation data from precipitation monitoring sites in St. Cloud, Becker, Elk 
River, New Hope, Chanhassen  and the Minneapolis -St. Paul International Airport were 
downloaded from either www.dnr.state.mn.us/climate/historical/acis_stn_meta.html  or 
climate.umn.edu/mapClim2007/MNlocApp.asp . 

Table 4  shows monthly precipitation data from the MWMO network of precipitation gauges, 
located primarily within the MWMO watershed. Precipitation data at sites 1NE, 10SA, 11CHF, 
Edison High School, Columbia Golf Course, Waite Park Elementary School, and the MWMO  
Weather Station were collected by MWMO  staff . Precipitation data at the  6th  Street  NE site were 
recorded and submitted by MWMO citizen volunteers. Figure 3 shows 2016 monthly precipitation 
at the 1NE site in comparison to the 30 -year monthly precipitation  normals at Minneapolis -St. 
Paul International Airport.  

http://www.dnr.state.mn.us/climate/historical/acis_stn_meta.html
http://climate.umn.edu/mapClim2007/MNlocApp.asp
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Figure 2. Precipitation gauges in the Upper Mississippi River Basin and MWMO boundary.  
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Table 3. 2016 monthly precipitation (inches) at several locations in the Upper Mississippi River basin  

Month   St. 

Cloud 1 

Becker 2 Elk 

River 3 

New 

Hope 4 

SAFL5 Chanhassen 7 Minneapolis 

St. Paul 

International 

Airport 8 

MSP 30 

YR MO 

Normal 9 

January   0.31 0.56 0.27 0.31 0.17 0.31 0.31 0.90 

February   0.63 1.07 0.54 1.02 0.23 1.18 1.09 0.77 

March   1.50 1.15 1.90 1.92 1.59 1.42 2.26 1.89 

April   1.74 2.67 2.76 3.73 3.45 3.31 2.84 2.66 

May   2.17 3.97 3.11 2.13 1.36 2.03 2.42 3.36 

June  3.37 3.18 2.61 3.47 3.60 4.58 4.49 4.25 

July  6.74 7.57 7.34 5.74 3.76 5.43 5.09 4.04 

August   8.36 5.46 7.11 9.15 8.00 9.70 7.82 4.30 

September   3.08 5.30 4.44 7.08 3.90 5.15 5.47 3.08 

October   2.68 2.11 2.70 3.25 2.31 3.46 3.41 2.43 

November   1.69 1.47 2.13 2.92 2.02 1.71 2.98 1.77 

December   1.58 1.43 0.16 1.26 1.23 2.25 2.14 1.16 

Total   33.85 35.94 35.07 41.98 31.62 40.53 40.32 30.61 

1 Location: Latitude 45.5441 Longitude -94.0708, Source: http://www.dnr.state.mn.us/climate/historical/acis_stn_meta.html  
2 Location: Latitude 45.4206 Longitude -93.9333, Source: http://climate.umn.edu/hidradius/radius_new.asp  
3 Location: Latitude 45.5272 Longitude -93.7110, Source: http://www.dnr.state.mn.us/climate/historical/acis_stn_meta.html  
4 Location: Latitude 45.0167 L ongitude -93.3667, Source: http://www.dnr.state.mn.us/climate/historical/acis_stn_meta.html  
5 Location: Latitude 44.9823 Longitude -93.2549, Source: C Ellis, Saint Anthony Falls Laboratory (SAFL) 
6 Location: Latitude 44.9149 Longitude -93.2549, Source: ht tp://www.mvp -wc.usace.army.mil/projects/Lock1.shtml  
7 Location: Latitude 44.8514 Longitude -93.5650, Source: http://www.dnr.state.mn.us/climate/historical/acis_stn_meta.html  
8 Location: Latitude 44.8830 Longitude: -93.2288, Source: http://www.dnr.state.mn.us/climate/historical/acis_stn_meta.html  
9 Location: Latitude 44.8830 Longitude: -93.2288, Source: http://www.ncdc.noaa.gov/cdo -

web/datasets/NORMAL_MLY/stations/GHCND:USW00014 922/detail  

  



 

Annual Monitoring Report 2016  11 

Table 4. 2016 monthly precipitation (inches) at several locations in the MWMO precipitation  

monitoring network  

Month  1NE1 10SA2 11CHF3 Edison 
High 
School4 

Columbia 
Golf 
Course5 

Waite Park 
Elementary 
School6 

6th  ST 
NE7 

MWMO 
Weather 
Station 8 

January  0.20 0.26 0.10 0.20 0.12 0.13 0.33 0.10 

February  0.48 0.37 0.14 0.32 0.39 0.50 0.90 0..24 

March  1.59 1.69 1.51 0.93 1.75 1.76 1.13 1.83 

April  3.47 3.35 3.08 3.97 2.32 3.78 3.43 3.32 

May  2.11 1.68 2.06 2.33 2.63 2.34 2.18 1.79 

June 2.42  2.69 3.46 2.54 2.92 2.72 2.84 

July 5.14  4.84 6.84 6.58 3.71 5.77 5.47 

August  7.35  7.12 8.54 8.08 8.63 7.32 7.44 

September  4.97  5.05 6.23 5.91 5.88 5.26 5.19 

October  2.81 3.35 2.49 3.01 3.28 2.89 2.77 2.60 

November  2.38 2.42 2.18 2.59 2.87 2.50 2.59 2.26 

December  1.49 1.25 1.15 1.41 1.42 1.61 2.11 1.96 

Total  34.41 NA 32.41 39.83 37.89 36.65 36.51 35.05 

1 Location: Latitude 45.023 Longitude -93.277, Source: MWMO data, 1NE  
2 Location: Latitude 45.012 Longitude -93.220, Source: MWMO data, 10SA 
3 Location: Latitude 45.050 Longitude -93.274, Source: MWMO data, 11CHF 
4 Location: Latitude 45.012 Longitude -93.22, Source: MWMO Data, Edison High School  
5 Location: Latitude 45.027 Lo ngitude -93.255, Source: MWMO Data, Columbia Golf Course  
6 Location: Latitude 45.030 Longitude -93.234, Source: MWMO Data, Waite Park Elementary School  
7 Location: Latitude 45.053 Longitude -93.259, Source: Citizen Volunteer, Minneapolis MN  
8 Location: Lat itude 45.013 Longitude -93.272, Source: MWMO Data, MWMO Weather Station  
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Stormwater Monitoring  

The MWMO monitors water quantity and quality at six stormwater outfalls into the Mississippi 
River and one stormwater pipe at the jurisdictional boundary of the Cities of Saint Anthony 
Village and Minneapolis. The monitored locations were chosen because they are the most 
extensive stormwater drainage systems (pipesheds) within the watershed and they are accessible  
for equipment installation . A stormwater drainage system refers to the area that drains to one 
stor mwater outfall. Land uses in the stormwater drainage systems affect water quality. The 
amount of impervious surface and potential pollution differs between industrial, residential, and 
commercial land uses. Refer to Figure 4 for a map of the MWMOɅs stormwater  sampling sites and 
pipesheds.  

Site descriptions and water quantity data for each stormwater site are provided in the following 
pages. Six of the MWMOɅs stormwater sites are monitored for continuous automated  level and 
discharge measurements as well  as water quality during both storm and baseflow conditions. 
Water quality data from the stormwater sites are discussed at the end of this section. MWMO 
monitoring staff will provide complete  water quality and quantity data upon reque st (con tact info 
at mwmo.org ).
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Figure 3. 2016 monthly precipitation totals at the 1NE heated rain gauge compared to 30 -year 

monthly precipitation normals at the Minneapolis -St. Paul International Airport . 

http://mwmo.org/
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Figure 4.  Stormwater pipesheds  monitored by the MWMO and corresponding monitoring site 

locations

Figure 4. Stormwater pipesheds monitored by the MWMO and corresponding monitoring site 

locations.  
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Methodology  

Water Level and Discharge Monitoring  

Water level in a stormwater pipe is very different from water level in the Mississippi River. 
Stormwater pipes respond quickly to rainfall, so water levels may rise many feet within a few 
minutes, depending on the size and intensity of the storm event. Some stormwater pipes only 
contain water during precipitation events, while others have baseflow throughout the year. Most 
stormwater pipes mon itored by the MWMO have varying levels of baseflow year round.  

Six MWMO stormwater monitoring sites are equipped with Isco 6712 automatic samplers 
(Teledyne Isco, Inc., Lincoln, NE). An Isco Area/Velocity sensor is installed in each of the six p ipes 
and connected via cable to an Isco 750 Area/Velocity Flow Module which is attached to the 
automated sampler. The sensor and flow module provide water level and velocity data which are 
then used with pipe area dimensions to compute discharge from the stormwater pipe. A typical 
automated stormwater site set -up is shown in Figures 5 and 6 .  

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5. Example of a typical MWMO stormwater monitoring site cabinet set up, including 

automated sampling and continuous automated monitoring equipment.  
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Sample Collection, Handling, and Preservation  

Grab and composite samples were collected from five  stormwater sites in the MWMO watershed. 
Staff followed sampling procedures outlined in the MWMOɅs Standard Operating Procedure for 
Stormwater Sampling (2011).  For the majority of parameters, samples were collected in 
laboratory -cleansed (non -sterile) plastic bottles. Samples were either collected directly into the 
bottle as grab samples or with automatic samplers as described belo w.  

The Isco 6712 automati c samplers house twenty -four one -liter plastic bottles for composite sample 
collection. Samplers were programmed such that once the water level reached a certain value 
above baseflow, the sampler triggered to start sampling. Once triggered, the sampler rin sed the 
sample tubing before drawing the sample into the containers. Samples were collected on a flow -
paced basis. Once collected, the bottles were composited by a monitoring specialist  by pouring an 
equal amount of water from each sampler bottle into a pl astic bott le.  

Figure 6. Typical area/velocity sensor (black rectangle) and cable and tubing configuration in a 

monitored stormwater tunnel . 



 

16  Annual Monitoring Report 2016  

Dissolved oxygen, conductivity, salinity, temperature, and pH data were measured in the field 
using a YSI ProPlus sonde (YSI Inc., Yellow Springs, OH). Transparency was measured using a 
Secchi tube.  

Stormwater composite samples were collect ed for a minimum of three precipitation events per 
month, as long as that many events occurred. If baseflow conditions were present, samples were 
collected twice per month year round .  

Sampling Quality Control  

The MWMO staff followed the quality control pr otocol outlined in the MWMO Ambient Surface 
Water Monitoring Quality Assurance Project Plan (MPCA, 2010). Blank samples of DI water were 
submitted to laboratories quarterly to verify that sample containers were clean and samples were 
not contaminated durin g travel. In addition, ten percent of samples were collected in duplicate to 
verify that sampling and laboratory procedures did not jeopardize the data. The Isco bottles were 
rinsed twice with tap water and once with DI water between sample events.  

Laboratory Analyses  

Samples were analyzed at the Metropolitan Council Environmental Services (MCES) Laboratory. 
The laboratory follow s strict protocols for quality assurance and quality control. Information 
regarding laboratory protocol is available from MW MO staff. Refer to Table A.1 in Appendix A for 
a list of sample parameters, the laboratories used for analysis, the analysis methods, and 
information regarding certification.  

Data Analysis  

The following data cleaning techniques were used to  ensure quality data:  

¶ Suspect data were flagged and verified with the laboratory  

¶ Statistical regression techniques were used to interpolate automated flow data that were 
missing due to equipment problems (MWMO, 2013)  

Continuous Automated Water Monitoring Network  

In 2008 t he MWMO, in collaboration with scientists at the University of Minnesota Saint Anthony 
Falls Lab oratory , designed and deployed a  Continuous Automated Water Monitoring  Network .  
The network was built  to achieve three main goals: continuous m onitoring of stormwater flow, 
data collection and display, and flow paced sampling of stormwater runoff. The three main 
elements of this system are: stormwater and environmental sensors, radio networked dataloggers  
and automated samplers. Stormwater and e nvironmental data are collected and transmitted by 
the network to a web service that creates  graphs and tables describing current and past 
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conditions. Automated samplers are remotely controlled to collect flow paced samples on demand 
with custom inputs fro m operators that adjust sample collection parameters to changing 
conditions.  

Refer to Figure 7 for a map of the network . Details about the specific hardware  and software used 
in the network  are included in the M WM O Annual Monitoring Report 2013 (MWMO, 2014 ). 

Stormwater Water Quality Monitoring Results  

The MPCA does not have water quality criteria for stormwater drainage systems; therefore, data 
are not compared with standards. The MWMO monitors stormwater to characterize surface 
runoff in the watershed and determine land contributions to water quality in the Mississippi 
River. Samples are collected for bacteria, nutrients, sediment, inorganics, organics  and metals 
analyses. The MWMO will not draw conclusions or make assumptions based on this data until 
several years of accurate flow -weighted composite data are available. The MWMO has begun 
calculating annual pollutant loads at some stormwater monitoring sites where several years of 
data do exist. The 201 6 water quality data  have been submitted to the MPCAɅs water quality 
database ( EQuIS) and are available upon request from MWMO monitoring staff. Stormwater 
bacteria data are discussed in the Bacteria Monitoring section of this report. Specific information 
regarding individual stormwater sites can be found in t he following pages.  
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Figure 7. Continuous Automated Water Monitoring Network . 



 

Annual Monitoring Report 2016  19 

Stormwater Site Descriptions and Water Quantity Results  

11CHF  

This site  is the northernmost outfall monitored by the MWMO. Installation of the site was 
completed in October 2014. The outfall is located on the east bank of the Mississippi River at RM 
859, about 50 feet upstream from the northernmost edge of the Minneapolis Public Works Fridley 
Water Treatment PlantɅs property in the Anoka County Riverfront Regional Park. The outfall is a 
seven-foot diameter, round concrete pipe (Figure 8). The nearest intersection is 44 th  Avenue  NE 
and East River Road. The monitoring equipment is located 1,880 feet up the tunnel from the 
outfall on BAE Systems Inc. property just west of the Burlington Northern Santa Fe rail yard and 
north of the rail yardɅs associated stormwater reservoir. This s tormwater drainage system drains 
water from approximately 1,310 acres of parts of the cities of Columbia Heights, Hilltop, and 
Fridley (Figure 9). The pipeshed includes mainly industrial and residential land uses. The 
stormwater drainage system has continu ous baseflow.  

 

 

 

 

 

 

 

 

 
 

 

 

Stormwater discharge  and precipitation data from the 11CH F site are shown in Figure 10. 
Extremely  cold temperatures caused the automatic sampler to  shut off occasionally, resulting in 
short gaps in discharge data  during winter months . 11CHF data are also affected by periodic, 
controlled releases of water from a stormwater  reservoir into the tunnel through a pipe located 
just upstream of the area/velocity sensor location. An automated precipitation gauge is also 
operated at this site.  

Figure 8. Site 11CHF outfall to the  Mississippi River  
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Figure 9. 11CHF pipeshed boundary and monitoring site location . 



 

Annual Monitoring Report 2016  21 

 

F
ig

u
re

 1
0

. 
S

to
rm

w
a

te
r 

d
is

c
h

a
rg

e
 a

n
d

 h
o

u
rl
y

 p
re

c
ip

it
a

tio
n

 t
o

ta
ls

 a
t 
th

e
 1

1
C

H
F

 m
o
n

it
o

ri
n

g
 s

ite
 i
n

 2
0

1
6

. 



 

22  Annual Monitoring Report 2016  

 

1NE (Xcel Riverside Plant)  

Stormwater monitoring e quipment was initially installed  at the 1NE outfall site  in 2006. The 
outfall is located on the east bank of the Mississippi River on the Xcel Riverside Power Plant 
property at RM 857.2 and is a n eight -foot  diameter, corrugated iron pipe (Figure 11). The 
stormwater drainage syst em drains water from approximately 2,240 acres of the Northeast 
Minneapolis neighborhood as well as portions of Columbia Heights and Fridley (Figure 1 2). The 
pipeshed includes mainly residential and industrial land uses. The stormwater drainage s ystem 
has continuous baseflow.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stormwater discharge  and precipitation data collected with automated equipment are presented 
in Figure 1 3. Cold weather caused the automated sampler to shut off occasionally, resulting in 
brief gaps in level and discharge data. During periods of time when the baseflow water l evel was 
very low (typically winter and fall) the sensor could not measure stormwater discharge. Those 
periods are represented as gaps in the discharge data.  

Figure 11. Outfall to the Mississippi River for the 1NE pipeshed. Monitoring cabinet can be seen in 

the upper right corner (green box) . 
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Figure 12. 1NE pipeshed boundary  and monitoring site location . 



 

24  Annual Monitoring Report 2016  

 

F
ig

u
re

 1
3

. 
S

to
rm

w
a

te
r 

d
is

c
h

a
rg

e
 a

n
d

 h
o

u
rl
y

 p
re

c
ip

it
a

tio
n

 t
o

ta
ls

 a
t 
th

e
 1

N
E

 m
o

n
ito

ri
n

g
 s

ite
 i
n

 2
0

1
6

. 



 

Annual Monitoring Report 2016  25 

2NNBC (Old BassettɅs Creek Tunnel Outlet)  

The 2NNBC outfall drains water from 1,067 acres of the Near North Minneapolis neighborhood 
and BassettɅs Creek overflow. It enters the river in a park in the North Loop neighborhood of 
Minneapolis on the west bank of the Mississippi River at RM 854.8. Land  use in the pipeshed is 
primarily residential and commercial. The semi -elliptical outfall is approximately 11 feet high and 
15 feet wide (Figure 1 4). BassettɅs Creek was buried and routed through this tunnel in 1890. In 
1992, the creek was rerouted through  a new tunnel that enters the Mississippi River below the 
surface water level, just downstream from Upper Saint Anthony Falls. Water from BassettɅs Creek 
only flows through the original outfall during overflow periods. The 2NNBC pipeshed is shown in 
Figure  15. 

 

 

The 2NNBC site does not have an automated sampler or area/velocity sensor but grab samples are 
collected during rain events and baseflow when possible. Throughout much of 201 6, river water 
was present in the tunnel. Samples were not collected during that t ime unless, during 
precipitation or melt events, stormwater pushed the river water out of the tunnel such that 
stormwater could be sampled. An In -Situ Level Troll 500 (In -Situ Inc., Ft. Collins, CO) was installed 
at the outfall in October 2014 in order to obtain hourly water level measurements at the outfall.  

Figure 14. The 2NNBC outfall to the original BassetɅs Creek channel before it enters the 

Mississippi River . 
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    Figure 15. 2NNBC pipeshed boundary and monitoring site location   
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10SA (St.  Anthony Village)  

The 10SA monitoring site was established in 2007. 10SA differs from the other MWMO stormwater 
monitoring sites as it is located at the jurisdictional boundary between St. Anthony Village and 
Minneapolis, rather than at an outfall to the Mississippi Riv er. The MWMO chose to monitor this 
location to investigate the quantity and quality of stormwater from the southern portion of St. 
Anthony Village (602 acres) as it enters Minneapolis. The concrete stormwater pipe is four and a 
half  feet  in diameter and is accessed at a manhole within an  open space in a residential 
neighborhood ( Figure 1 6). The tunnel eventually drains into the Mississippi River several miles 
away on the east bank at RM 853.2. The monitored pipeshed is shown in Figure 1 7. Land uses ar e 
mainly residential, commercial, and industrial. There is generally continuous baseflow in this 
stormwater drainage system although the amount is negligible in winter.  In 2016, the original 
equipment cabinet was replaced with a new one in conjunction with  the installation of 
monitoring cabinets just upstream of the 10SA site at the new St. Anthony Regional Stormwater  
Treatment  and Research System  (see BMP monitoring section).  

 

Stormwater discharge data for the 10SA site are shown in Figure 1 8. Due to sensor limitations, 
discharge cannot be calculated during periods of very low baseflow. These periods are displayed 
as gaps in the discharge data. During much of 2016, stormwater discharge at the 10SA site was 
affected by construction and testing activities surrounding the installation of the St. Anthony 
Regional Stormwater Treatment and Research System (see BMP monitoring section). Monitoring 
equipment at the 10SA site was removed in early June and reinstalled in early August of 2016, due 
to these construction activities. Diversion and retention of stormwater related to BMP 
construction affected baseflow conditions throughout the res t of the year.      

Figure 16. Monitoring cabinet  and access manhole at the 10SA stormwater site . 
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    Figure 17. 10SA pipeshed boundary and monitoring site location . 
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4PP (I-35W Bridge) 

Established in 2008, this stormwater outfall  monitoring  site is located below Lower Saint Anthony 
Falls Lock and Dam on the west bank of the Mississippi River at RM 853.2. The semi -elliptical 
tunnel is 14 feet high and 14 feet wide (Figure 19). The system drains stormwater from 
approximately 2,780 acres of the  Phillips and Powderhorn Neighborhoods and the southern 
portion of the Central neighborhood in Minneapolis, as well as water from the I -35W interstate 
highway (Figure 20). Land use is primarily residential, commercial, and heavy industry. There is 
continuo us baseflow in this stormwater drainage system.  

Figure 19. 4PP outfall to the  Mississippi  River . 

The City of Minneapolis and Minnesota Department of Transportation (MnDOT) have been 
conducting maintenance  activities in the 4PP t unnel during winter and spring months over the 
past couple of years. In 2016, t he work in the tunnel went late into the spring and high river levels 
in the outfall prevented reinstallation of the monitoring equipment until late summer. The 
equipment was ag ain removed for construction work in late fall of 2016. The limited discharge 
data for the  4PP site are available upon request. Though composite sampling was not possible 
during much of the year, due to equipment removal, baseflow grab samples were taken w hen 
possible .  
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    Figure 20. 4PP pipeshed boundary and monitoring site location . 
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6UMN (University of Minnesota Main Energy Plant ) 

The 6UMN outfall site is located on the east bank of the Mississippi River at RM 853.0, downstream 
from Saint Anthony Falls, behind the University of Minnesota Main Energy Plant . The monitoring 
site was established in 2006. This semi -elliptical tunnel is e ight feet high and eight feet wide with a 
rounded top and slightly U -shaped base (Figure 2 1). The outfall drains water from approximately 
765 acres of the City of Minneapolis and the University of Minnesota, Minneapolis Campus ( Figure 
22). Land use is prim arily residential and commercial. There is continuous baseflow in this 
stormwater drainage system.  

Figure 21. 6UMN outfall to the Mississippi River . 

Stormwater  discharge data from 2016 for the 6UMN site are shown in Figure 2 3. Similar to other 
sites, level and discharge data at 6UMN were affected by high river levels. There were periods of 
tailwater in the tunnel during March, May and most of July. These sections are represented by 
gaps in the stormwater discharge data (Figur e 23). 
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Figure 22. 6UMN pipeshed boundary and monitoring site location . The two seemingly separate     

pipeshed boundaries are connected underground via stormwater pipes.   
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7LSTU (Bridal Veil Tunnel)  

7LSTU is the farthest downstream stormwater  outfall monitored by the MWMO. The monitoring 
site was established in 2008 and is located on the east bank of the Mississippi River at RM 851.6, 
between the I -94 Bridge and Franklin Avenue Bridge. The cathedral -shaped tunnel is 10.37 feet 
high and 6.67 fe et wide  at its base (Figure 2 4). At the mouth of the outfall, five square, concrete 
pillars baffle (slow) water flow, and an iron stilling basin captures floatable debris. The outfall 
drains water from approximately 600 acres of the City of Minneapolis and  the University of 
Minnesota Ʌs Minneapolis Campus (Figure 2 5). Land uses within the pipeshed are a mix of 
residential, commercial  and industrial.  

 

Figure 24. 7LSTU outfall to the Mississippi River . 

The 7LSTU monitoring site is equipped with an automated sampler and area/velocity sensor; 
however, river water is almost constantly present in the tunnel, affecting discharge values . 
Therefore, discharge  data are not displayed here but were used to determi ne appropriate times to 
take grab samples during events. In the fall of 2016, an area velocity sensor was installed farther 
up the tunnel in order to obtain more consistent discharge data.  
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Figure 25. 7LSTU pipeshed boundary and m onitoring site location . 
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Lake Monitoring  

There are three lakes within the MWMO watershed boundary: Loring Pond in the City of 
Minneapolis, and Sullivan and Highland Lakes in the City of Columbia Heights ( Figure 26). The 
lakes are monitored by the Minnea polis Park and Recreation Board (MPRB) and the Anoka 
Conservation District (ACD) respectively, for lake level and water quality.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 26. Lakes located within the MWMO watershed . 
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Loring Pond Monitoring  

Loring Pond, located in Loring Park in Minneapolis is part of the MWMO 4PP pipeshed. The 
MWMO previously monitored Loring Pond for water quality and E. coli starting in 2006 until the 
Minneapolis Park and Recreation Board (MPRB) took over monito ring of the pond. MPRB 
monitors the lake level, water quality, ice cover, phytoplankton and zooplankton, and fish 
stocking of Loring Pond. Monitoring data for Loring Pond can be found in the Water Resources 
Reports on the MPRB website at  
www.minneapolisparks.org/park_care__improvements/water_resources/ .  

Sullivan Lake and Highland Lake Monitoring  

Methodology  

Water Elevation Monitoring  

A volunteer, in coordination with ACD, conducted water level monitoring at the lakes from June 
through November. Water elevation data for 2016, as well as all additional historical data, are 
available on the Minnesota DNR website using the ɈLakeFinderɉ feature at 
www.dnr.state.mn.us/lakefind/index.html . 

Sample Collection, Handling and Preservatio n 

Anoka Conservation District (ACD) sampled Sullivan Lake and Highland Lake monthly between 
May and August. Sampling was conducted by canoe at the deepest part of the lake. A portable 
depth finder or global positioning system (GPS) was used to determine th e sampling location. 
Conductivity, pH, turbidity, salinity, dissolved oxygen (D.O.)  and temperature were measured 
using a Hydrolab Quanta multi -probe at a depth of one meter below the water surface. Water 
quality samples were also collected at one meter b elow the water surface. Water transparency or 
clarity was measured using a Secchi disk. ACD staff lowered the disk over the shaded side of the 
boat until it disappeared and then pulled up to the point where it reappeared again. The midpoint 
between these t wo depths was recorded as the Secchi disk measurement.  Minnesota Valley 
Testing L aboratories (MVTL) analyzed the  water quality samples for chlorophyll -a, chloride  and 
total phosphorus. Information regarding laboratory analysis methods can be found in Tabl e A.1 in 
Appendix A.  

Data Analysis  

To evaluate lake conditions, ACD compared sampling results to historical readings and other lakes 
in the region. Comparisons to other lakes are based on the Metropolitan CouncilɅs lake quality 
grading system ( Osgood, 1989) and the CarlsonɅs Trophic State Index for the North Central 
Hardwood Forest ecoregion (NCHF)  (Carlson, 1977 ). Historical data can be obtained from the 
MPCAɅs wa ter quality database (EQuIS).   

http://www.minneapolisparks.org/park_care__improvements/water_resources/
http://www.dnr.state.mn.us/lakefind/index.html
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https://www.pca.state.mn.us/sites/default/files/wet-report-largewetland.pdf
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http://www.pca.state.mn.us/publications/wq-iw4-01b.pdf
http://www.pca.state.mn.us/water/tmdl/upper-mississippi-river-bacteria-tmdl-project
https://www.pca.state.mn.us/sites/default/files/wq-iw8-08e.pdf
http://www.mwmo.org/reports/water-quality-monitoring
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http://www.mwmo.org/reports/water-quality-monitoring
http://www.mwmo.org/reports/water-quality-monitoring
http://www.mwmo.org/reports/water-quality-monitoring
http://www.mwmo.org/reports/water-quality-monitoring















