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1.  Introduction 

The mining of the gravel resource and subsequent development at the University of Minnesota Outreach, 

Research and Educational Park (UMore Park) may potentially impact the groundwater quality at, and 

around UMore Park. In order to provide a pre-mining baseline against which to monitor potential water 

quality changes, monitoring of water quality in selected monitoring wells began in 2009 (Anger and 

Alexander, 2010.)  Anger and Alexander (2010) reviews the previous work defining the hydrogeology of 

the UMore Park site and installing the existing monitoring wells. This report updates and Anger and 

Alexander (2010) with monitoring data obtained through June 2011. 

 

2.  Monitoring 

 2.1 Methods:  The equipment used to monitor the wells is the same as used by Anger and Alexander 

(2010).  The field and analytical methods are described in Alexander and Alexander (2011). 

 2.2 Data:  The temperature data are shown in Figures 1 through 8.  The water level data are shown in 

Figures 9 and 10. The electrical conductivity data are shown in Figures 11 and 12. The cation and anion 

data are listed in Tables 1 through 4 and selected parameters are shown as Figures 13 through 17.  The 

complete data files, as Excel files and graphs, are included on a CD that accompanies this report. 

   2.3 Temperature: 

  Figure 1 summarizes the temperature logging data.  The solid symbols show the average 

temperatures and the maximum and minimum values are shown by the range bars.  Four of the shallow 

gravel water table monitoring wells, MW-C2002, MW-E2-009, MW-E2-209 and MW-E2-305 show 

relatively stable temperatures that are within 0.1 °C  of 9.02 °C.  MW-D3-305 is cooler at about 8.84 °C. 

The two deeper Prairie du Chien aquifer wells are warmer – PDC-C5-T00006 at about 9.08 °C and PDC-

C7-T00019 at 9.47 °C. 
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 However, several of the records suggest that potentially interesting temperature fluctuations may be 

occurring at the 0.01 °C scale.  Figures 2-8 are graphs of groundwater temperature as a function of time 

and are described individually below. 

 2.3.1 Hobo Data Loggers:    HOBO Pendants temperature loggers were used continuously monitor 

groundwater temperature in four shallow wells screened in the gravel aquifer just below the water table: 

MW-C2-002 (Fig. 1), MW-E2-009 (Fig. 2), MW-E2-209 (Fig. 3), and MW-E2-305 (Fig. 4) and one 

deeper well screened in the Prairie du Chien Aquifer, MW-PDC-C7-T00019 (Fig 5).  Temperature was 

recorded every 5 or 10 minutes near the water table from December 29, 2010 to June 4, 2011. 

  The HOBOs record temperatures in 0.1°C increments. Data within ± 0.05 °C of each increment is 

recorded as that increment’s value – nominally to 0.001 °C.  . Note the scales on the Y axis, temperature, 

of Figs 1,2,3,4 and 5 are expanded to show very small temperature variations. The total extent of the Y 

axis is on 0.3 °C and the tic marks are 0.05 °C apart. The blue outlined in red rectangles represent 

thousands of individual data recorded by the HOBOs. In the time spans with two blue outlined in red 

rectangles the HOBOs were recording the temperature in two values 0.1 °C apart. When the HOBOs were 

recording in this dual value mode, the relative frequency of the two values could be illustrated using a 

sliding average.  Where appropriate in Figs 1 to 5 such a sliding average is shown by the black, jagged 

line.  The sliding average was set the maximum allowed by Excel, 255, which corresponds to a 0.53 day 

sliding average for the 5 minute data and a 1.06 day sliding average for the 10 minute data.   

  Figure 2 shows the data from shallow gravel aquifer water table monitoring well MW-C2-002. The 

HOBO was set 4 feet below the water table.  (The gap in data from 5 March to 23 April 2011 is due to 

equipment mal function – as are equivalent data gaps in subsequent data logger graphs.)  The two blue out 

lined in red lines between 29 December 2011 and 5 March 2011 are formed by individual, bi-valued data 

recorded by the HOBO. The jagged black line averages 255 data points and shows a slow cooling during 



UMore Park Hydrogeologic Report                                                                                               6 

Rosemount, MN 

 

 

University of Minnesota                                                                                        January 2012                                             

Department of Earth Sciences  

this interval.  The single blue outlined in red line between 23 April and 4 June 2011is formed by the 

single value of temperature recorded by the HOBO in that time interval. 

 Figure 3 shows the data from shallow gravel aquifer water table monitoring well MW-E2-009. The 

HOBO was set 4.5 feet below the water table. The offset between the two double lines of data in late 

April 2011 was a down loading of the data logger event that apparently slightly changed the calibration of 

the HOBO. The jagged black sliding average line shows a nice, in phase with the surface temperature 

change, seasonal temperature of about 0.1°C. Figure two is the best evidence that the sliding average 

method of data analysis may be yielding useful information about the groundwater temperature changes.  

Note that the lower data bar ends a few days before the monitoring was terminated. 

 Figure 4 shows the data from the shallow gravel aquifer water table well MW-E2-209. The HOBO 

was set 59 feet below the water table. The offset in the upper line of data in late April 2011 was a down 

loading of the data logger event that apparently slightly changed the calibration of the HOBO. Except for 

the calibration offset, this monitoring well record is a straight line. 

 Figure 5 shows the data from the shallow gravel aquifer water table well MW-E2-305. The HOBO 

was set 14 feet below the water table. The offset in the upper line of data in late April 2011 was a down 

loading of the data logger event that apparently slightly changed the calibration of the HOBO. In this 

record the HOBO initially recorded a single temperature, then transitioned to a higher temperature in 

February 2011 and remained at the higher temperature for the rest of the period of monitoring. 

 Figure 6 shows the data from the deeper Prairie du Chien well MW-PDC-C7-T00019. The 

temperature monitor was set an elevation 73 feet below the water table.  The offset in the upper line of 

data in late April 2011 was a down loading of the data logger event that apparently slightly changed the 

calibration of the HOBO. The record here is very similar to that in Figure 3 except a small fraction of the 
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data points in the last half of the record are 0.1 °C lower.  Note that although the temperature scale is the 

same size as in Figures 1 through 4, the temperature is 0.3 °C warmer. 

  2.3.2 Solinst Data Loggers: The temperatures (and water level and electrical conductivity) in the 

fifth shallow gravel aquifer well, MW-D3-007 (Fig. 7), and the second Prairie du Chien, PDC-C5-T00006 

(Fig. 8), were monitored with LTC Solinst Leveloggers.  The Solinst loggers have a temperature 

resolution of about ± 0.01 °C and record the data to 0.001 °C.  (Note that the vertical temperature scale in 

Figures 7 and 8 cover a range of only 0.1°C and the tic marks are 0.01 °C, i.e. the vertical scale is 1/3 the 

range and the tic marks are 1/5 the range as those in Figures 2 through 6.)  The blue “x”s highlighted in 

red show the 5 and 10 minute data.  A 255 data point sliding average is show as the black, somewhat 

jagged line in the center of the data fields.  

 Figure 7 displays the data from the shallow gravel aquifer water table well MW-D3-007.  The Solinst 

was set 5.7 feet below the water table.  The gap in the data was an equipment failure.  The sliding average 

in Figure 7 records a slight cooling in December and January, a minimum temperature in mid- February 

and then a rise in temperature through the end of data acquisition in June.  This pattern is a similar, but 

higher resolution, to the sliding average shown in Figure 3 but is about ½ the magnitude of the pattern in 

Figure 3.  This is a roughly a fluctuation of about 0.04 °C and is in phase with the surface temperature 

variation  The range observed by the Solinst Levelogger, ~8.83 to 8.88 °C is within the spread of the 

HOBO Pendant logger’s less precise data from the shallow grave  aquifer monitoring wells. 

 Figure 8 displays the data from the Prairie du Chien aquifer monitoring well PDC-C5-T00008.  The 

Solinst was set 27.4 feet below the water table. This data set shows only a very small temperature 

fluctuation of about 0.005 °C and the apparent minimum is lagged until May. 

  2.3.3 Temperature Discussion:  The temperature of all seven wells was constant to within about ± 

0.1 °C.  Five of the wells (four shallow gravel aquifer water table wells and one PDC well) had average 
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temperatures within ± 0.15 °C of 9.05 °C. One shallow gravel aquifer water table well had a slightly 

cooler temperature of 8.84 ± 0.04 °C.  The deepest PDC well had a significantly warmer temperature of 

~9.47 °C. 

 There is evidence that several of the wells have real temperature fluctuations in the 0.01 to 0.1 °C 

range.  Two of these temperature fluctuations are in phase with the annual surface temperature cycles and 

one example is lagged from the surface cycle.  This study only accumulated a small amount of data over 

about half a year, late fall to spring, however.  Longer data sets would yield more conclusive results. 

  2.4 Water Level:  The Solinst loggers record water level with pressure transducers.  Pressure 

transducers record the total change in pressure – which in a monitoring well is a function of both changes 

in water level in the well and changes in atmospheric pressure.  A separate Solinst was installed in the top 

of MW-D3-007 to monitor just the atmospheric pressure variations.  That data was then used to remove 

the atmospheric pressure component from the Solinsts in the water column. 

 Figure 9 shows the Solinst water level record from the shallow, gravel water-table aquifer in MW-D3-

007. The water increased slowly during December, January and February and then increased much faster 

during the spring snow melt and spring rains from March through early June.  The water table rose over 

two feet during the period of this record. 

 Figure 10 displays the Solinst water level record from the deeper Prairie du Chien aquifer monitoring 

well PDC-C5-T00006. The pattern is a slightly subdued version of the pattern seen in Figure 9.  It shows 

a slow steady rise from late December until April and then a more rapid rise after the spring snow melt 

and during the spring rains.  The total rise in the water level in the Prairie du Chien at this point was about 

1.5 feet over the period of record. 

  2.4.1:  Water Level Discussion:  From a monitoring perspective an important observation is the 

absence of evidence of short duration recharge “spikes” from individual recharge events – major rain 
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storms or spring snow melt.  “Flashy” near surface aquifers are much more difficult to monitor accurately 

than more “damped” aquifers.  This shallow gravel water-table aquifer appears to be well damped. 

 2.5 Electrical Conductivity:  The Solinst loggers record Electrical Conductivity of the water. 

Electrical conductivity is a measure of the total dissolved ions in the water.  Shallow gravel aquifer well 

MW-D3-007 and deeper Prairie du Chien aquifer well PDC-C5-T00006 were monitored continuously for 

electrical conductivity from December 29, 2010 to June 4, 2011.   

 Figure 11 shows the Solinst Levelogger data for shallow gravel aquifer water table well MW-D3-007.  

The three abrupt changes in electrical conductivity that occurred on March, April and May 2011 are artifacts.  The 

two sudden increases in electrical conductivity occurred as a result of pumping the well to gather samples for 

analysis.  There appears to be little if any information about the changes in the electrical conductivity of the aquifer 

water in this record.  

 Figure 12 shows the Solinst Levelogger data for the deeper Prairie du Chien well PDC-C5-T00006.  These data 

are significantly lower than the electrical conductivities reported by Anger (2010) from this same well.  Anger’s 

monitoring started July, 2009 and continued on to March, 2010 and the average electrical conductivity was 1380 

µS/cm. This data set is very problematic.  The two gaps in Figure 12 are intervals where no data was obtained and 

terminate at water sampling events.  The three data segments are not internally consistent and are very different 

from what Anger (2010) reported.  This well was very difficult to sample with our available pumps and may not 

have been purged sufficiently. 

  2.5.1: Electrical Conductivity Discussion:  The electrical conductivity data are very 

disappointing.  We think these data are telling us little, if anything, about the electrical conductivity of the 

water in the aquifers.  They rather illustrate that the Solinst Levelogger technology does not yield reliable 

long term records in these wells, under the experimental protocols used.  This negative conclusion is 

supported by attempts to use several Solinst Leveloggers in springs and wells in SE Minnesota over the 

past several years.  These instruments yield excellent temperature and water level data but are subject to 
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instrumental drift, bio fouling and other ill-defined problems.  The instruments need to be down loaded, 

maintained and recalibrated every two to four weeks to have any hope of obtaining representative, 

dependable records of electrical conductivity. 

 2.6 Water Quality:  Geochemical groundwater monitoring data collected at UMore Park in this project 

are listed in Tables 1 – 4.  Barr Engineering (2009) collected groundwater samples twice from 13 different 

wells during February and April of 2009.  Anger (2010) collected three samples from 8 different 

monitoring wells in August, November, and December, 2009. Samples analyzed in this work were collected 

March, April, and June of 2011. Anger (2010) and the samples in this report were analyzed for alkalinity, 

major and minor cations and major and minor anions. 

  2.6.1 Calcium and Magnesium:  As is typical for ground waters in this part of Minnesota, all of 

the water samples are primarily calcium/magnesium bicarbonate waters.  This is the composition that 

results when precipitation, charged by carbon dioxide in the soil zone, dissolves limestone and dolostone 

in the sediments and bedrock beneath the soil.  Figure 13 is a plot of magnesium versus calcium, the two 

major cations.  The black diagonal line “(Molar) Mg = Ca” shows where varying degrees solution of pure 

dolomite would plot.  Varying degrees of solution of pure limestone would plot along the horizontal axis. 

The UMore wells are scattered in a sloping array between pure dolomite and pure limestone solution – as 

is typical. This is because the carbonates in the sediments and bedrock are a mixture of limestone and 

dolomite. 

 The blue diamond shaped point to the left of the Mg = Ca line may simply be an analytical error.  That 

point has the highest charge imbalance in this data set.  If that data point is real it could be produce by 

processes in the well that remove calcium from solution.  The whole array of blue diamonds shows more 

spread along the calcium axis than any of the other wells. 
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 The two red circles on the right of the graph may represent a more limestone rich source than the rest 

of the array.  MW-C2-002 has the highest concentration of Ca + Mg.  MW-E2-009 has the lowest 

concentration of Ca + Mg. 

  2.6.2 Nitrate-nitrogen (NO3 – N):  Nitrate concentration is an important indicator of groundwater 

quality. Nitrate is a critical plant nutrient in the soil. Minnesota’s Health Risk Limit for nitrate-nitrogen in 

drinking water quality standard is 10 mg/l.  Figure 14 shows the combined nitrate data from Barr (2009), 

Anger and Alexander (2010) and this work for the seven UMore Park wells monitored in this work. 

 MW-C2-002 (blue squares in Fig. 14) and MW-D3-007 (red squares in Fig. 14) are both above the 

state standard for nitrate in all three data sets (Figure 14). The blue dashed line in Fig. 14 is a regression 

of the MW-C2-002 data.  The nitrate in that well increased at 3.3 ppm/year between Jan 2009 and Jun 

2011. The red dashed line in Fig. 14 is a regression of the MW-D3-007 data. The nitrate in that well 

increased at1.2 ppm/year.  MW-E2-305 (green diamonds in Fig 14) was above the state standard after the 

first sampling campaign and fell below 10 mg/l after the second and third round of samples in 2010 

(Figure 14). The green dashed line in Fig. 14 is a regression of the MW-E2-305 data.  The nitrate in that 

well was decreasing at 1.4 ppm/year.  These are shallow wells in overlain by agricultural fields who’s 

cropping and fertilizer rates changes from year to year. 

  The deeper wells have lower nitrates but are still highly variable and elevated.  The nitrate data in all 

of these wells are varying significantly with time.  It will require much finer time resolution nitrate 

sampling to fully understand the nitrate variability in all of these monitoring wells. 

  2.6.3  Chloride (Cl -):  The chloride anion is a ubiquitous indicator of human impacts on the 

hydrologic cycle in Minnesota. Chloride is not normally of human health concern but is an important, 

easily detected indicator (along with nitrate) of human impacts. In the environment of UMore the obvious 

major sources are fertilizer (the “potash” component of fertilizer is typically reported at K2O but is 
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actually KCl, the mineral sylvite), animal manure and, seasonally, road deicing salt.  Secondary 

contributors include domestic water softeners and septic systems. 

 Figure 15 shows the combined chloride data from Barr (2009), Anger and Alexander (2010) and this 

work for the seven UMore Park wells monitored in this work.  MW-C2-002 shows the highest and most 

variable chloride content ranging from 25 to 50 ppm.  MW-D3-007 and MW-E2-305 have the second 

highest chloride contents – in the 15 to 23 ppm range.  Note that these three highest chloride wells are 

also the three highest nitrate wells and are all three shallow gravel water-table wells surrounded by 

agricultural fields.  The fourth highest chloride (and nitrate) well is PDC-C7-T00019, the shallower of the 

two Prairie du Chien aquifer wells.  The anthropogenic nitrate and chloride signal is strongest in the 

shallow gravel aquifers but is also reaching the deeper Prairie du Chien aquifer. 

  2.6.4 Chloride and Bromide Ratios:  The utility of chloride concentrations and chloride/bromide 

ration in documenting the sources of groundwater recharge was outlined by Anger and Alexander (2010). 

The chloride data collected in 2011 was added to Anger and Alexander’s data to produce Figure 16.   

Environmental chloride to bromide ratios are very useful in identifying the source of recharge water to an 

aquifer. Chloride and bromide are both conservative anions that follow the groundwater flow.  Various 

surface sources of chloride bearing recharge have characteristic Cl/Br ratios.  More details on this tool are 

given in Anger and Alexander (2010).  The 2011 chloride and bromide data are consistent with the trends 

documented by Anger and Alexander (2010).  Data from each monitoring well plots in a reasonably tight 

clump on the graph.  The additional data, however, suggest a simple geochemical evolution model. 

 Precipitation in Minnesota has only a few ppm of chloride with a Cl/Br ratio of 200-250. Much of the 

water in precipitation is lost to evapotranspiration (ET) which concentrates the chloride and bromide in 

the precipitation upward along the “Minnesota Rain” line in Figure 16.  If ET consumes 80% of the 

precipitation and the remaining 20% infiltrates, that infiltrating water will pick up additional chloride and 
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bromide from fertilizer and manure applied to the fields.   The resulting mixtures will plot along the slope 

2,900 line shown in Figure 16. 

 MW-C2-002 is most strongly impacted by human activities (mostly agriculture).  The additional 

wells, MW-D3-007, MW-E2-305 and MW-PDC-C7-T00019 show clear human impacts, in both nitrate 

and chloride. 

  2.6.5 Water Quality Discussion:  The ground waters in the shallow gravel aquifers and in the 

deeper Prairie du Chien Aquifer beneath the UMore Park area are typical calcium/magnesium bicarbonate 

waters.  Each well has a fairly stable chemistry and the differences between the wells are relatively small 

but real.  The third most abundant cation is usually sodium.  The minor anions include varying levels of 

chloride, sulfate and nitrate.  The minor and trace elements are often the most sensitive to human induced 

changes. 

 

3.  Summary 

 Temperature monitored in 2011 at seven wells was stable at the 0.1°C level.  These values will 

serve as useful bench backgrounds to watch for changes due to mining and development activities.  

There do seem to be real changes, probably seasonal, in the groundwater temperatures at the 0.01 

°C levels. These small changes could serve as sensitive, early indicators of potential changes – if 

monitored with precise, carefully maintained data loggers. 

 The bulk chemistry and average specific conductivity also appears to be stable in the monitoring 

wells are reasonably stable with small but significant variations from well to well. 

 Elevated  NO3 – N and Cl concentrations in the shallow wells are clear indicators of the impact of 

the current agricultural land use on the shallow groundwater.  That impact is confirmed by the 
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Cl/Br ratio data.  This source of contamination of the groundwater can be expected to decrease as 

the mining and redevelopment replaces agriculture as the dominant land use in the area. 

4. Recommendations: 

 Ground water monitoring at UMore Park should continue and be expanded. This will require a 

significant increase in the level of funding. 

 Continuous monitoring with high quality data loggers and sensors is needed to fully characterize 

the chemical and physical variability of the ground water at UMore Park. 

 The economical HOBO Pendant loggers are not sufficiently precise to yield the necessary 

temperature resolution for the groundwater temperature variations at UMore Park. 

 Background monitoring for potential pollutants associated with gravel mining (in addition to 

thermal effects) and the subsequent planned land uses should be initiated. 
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Table 1 

2011 UMore Park Hydrogeologic Monitoring and Assessment  

Location MW-C2-002 MW-E2-009 

 Date 3/5/2011 4/23/2011 6/4/2011 3/18/2011 4/29/2011 6/4/2011 

Data Source (JTG) (JTG) (JTG) (JTG) (JTG) (JTG) 

Parameters in mg/kg  

(ppm)       

Alkalinity (as ppm 

CaCO3) 257 255 238 
254 284 266 

Chloride 33 34.2 36.76 1 1.1 6.53 

Aluminum 0.0129 0.008 0.0355 0.0182 0.014 0.003 

Calcium 89 90 87 63.5 60 57 

Iron 0.192 0.015 0.034 0.0214 0.057 0.02 

Magnesium 35.4 36 36 23.54 23 22.4 

Manganese 0.0101 0.0112 0.0377 0.098 0.056 0.05 

Potassium 1.49 1.44 1.45 2.62 2.87 2.8 

Sodium 11.7 11.8 13.5 16 36.5 37.5 

Barium 0.0773 0.092 0.114 0.1928 0.59 0.76 

Lithium 0.009 0.007 0.023 0.007 0.004 0.004 

Phosphorus 0.019 0.02 0.01 0.06054 0.07 0.072 

Silicon 7.36 7.3 7.3 6.9 7 7 

Strontium 0.1092 0.107 0.112 0.211 0.18 0.172 

Fluoride 0.137 0.128 0.158 0.22 0.21 0.12 

NO2 - N  <0.001 <0.002 <0.002 <0.001 <0.02 0.024 

Bromide 0.05 0.03 0.04 <0.002 <0.1 <.001 

NO3 - N (Nitrate) 18.25 17.26 17.86 <0.001 0.08 3.84 

SO4 (Sulfate) 22.21 19.6 18.15 8 6 12.1 

PO4-P (Phosphate) 0.035 0.01 <0.005 0.35 0.03 0.1 
 

 

Key       
JTG = Joel T. Groten (U of 

M Research Assistant)       
ND = No Data       

 

 

Table 1.  Geochemistry of major anions and cations in monitoring wells C2-002 and E2-009. 

Samples were collected for MW-C2-002 on March 5, 2011, April 23, 2011, and June 4, 

2011.  Samples were collected for MW-E2-009 on March 18, 2011, April 29, 2011, and 

June 4, 2011. 
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Table 2 

 

2011 UMore Park Hydrogeologic Monitoring and Assessment  

Location MW-E2-209 MW-E2-305 

Date 3/5/2011 4/29/2011 6/4/2011 3/5/2011 4/29/2011 6/4/2011 

Data Source (JTG) (JTG) (JTG) (JTG) (JTG) (JTG) 
Parameters in mg/kg (ppm)       

Alkalinity (as ppm CaCO3) 251 256 252 219 230 158 

Chloride 4.5 4.5 1.13 17.1 17.7 15.2 

Aluminum 0.0098 0.017 0.029 0.11 0.0164 0.01 

Calcium 68 65 63.5 63.5 60 35 

Iron 1.873 0.43 0.51 0.37 0.12 0.009 

Magnesium 22.3 22.6 22.54 30.6 30.96 28.1 

Manganese 0.085 0.0798 0.076 0.0438 0.0487 0.0274 

Potassium 1.37 0.8 0.78 4 3.2 4 

Sodium 5.49 8.9 9 11.56 18.4 17 

Barium 0.128 0.94 0.844 0.073 0.89 0.077 

Lithium 0.01 0.017 0.02 0.002 0.01 0.002 

Phosphorus 0.09 0.075 0.78 0.064 0.036 0.034 

Silicon 7.54 7.3 7.1 6.1 5.7 4.85 

Strontium 0.117 0.112 0.11 0.128 0.127 0.0862 

Fluoride 0.11 0.11 0.197 0.05 0.1 0.09 

NO2 - N  0.035 0.02 <0.002 0.157 0.46 0.24 

Bromide <0.002 <0.01 <.01 0.036 0.032 0.025 

NO3 - N (Nitrate) 2.5 2.1 0.008 11.31 9.5 4.6 

SO4 (Sulfate) 14 13.8 4.8 22.24 20.7 16.8 

PO4-P (Phosphate) 0.08 0.02 0.06 0.066 <0.005 0.04 
 

Key       
JTG = Joel T. Groten (U of 

M Research Assistant)       
ND = No Data       

 

 

Table 2.  Geochemistry of major anions and cations in monitoring wells E2-209 and E2-305.  

Samples were collected on March 5, 2011, April 29, 2011, and June 4, 2011. 
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Table 3 

 

2011 UMore Park Hydrogeologic Monitoring and Assessment  

Location MW-D3-007 MW-PDC-C7-T00019 
Date 3/18/2011 4/29/2011 6/4/2011 3/18/2011 4/16/2011 

Data Source (JTG) (JTG) (JTG) (JTG) (JTG) 

Parameters in mg/kg  (ppm)      

Alkalinity (as ppm CaCO3) 243 249 232 294 305 

Chloride 19 18.6 19 15.71 15.2 

Aluminum 0.0066 0.009 0.0156 0.00815 0.009 

Calcium 85 86 82.9 97 97.1 

Iron 0.054 0.1 0.168 0.0203 0.5 

Magnesium 30.4 31.5 31.72 33 33.7 

Manganese 0.0045 0.0234 0.0355 0.0066 0.037 

Potassium 1.995 1.5 2.11 1.93 1.9 

Sodium 6.7 9.9 7.4 5.65 6 

Barium 0.12 0.96 0.11 0.09757 0.228 

Lithium 0.005 0.007 0.012 0.004 0.005 

Phosphorus 0.0205 0.019 0.01 0.024 0.012 

Silicon 7.1 7.2 7.11 7.44 6.91 

Strontium 0.113 0.117 0.117 0.1114 0.11 

Fluoride 0.112 0.12 0.15 0.081 0.06 

NO2 - N  0.074 0.077 0.09 0.375 <0.002 

Bromide 0.036 0.03 0.03 0.03 0.033 

NO3 - N (Nitrate) 15 14.5 14 8.97 8.7 

SO4 (Sulfate) 25 23.6 21.6 25.5 25.9 

PO4-P (Phosphate) 0.03 <0.005 <.005 0.046 <0.005 

 

 

Key      
JTG = Joel T. Groten (U of M Research 

Assistant)      
ND = No Data      

 

 

Table 3.  Geochemistry of major anions and cations in monitoring wells D3-007 and PDC-C7- 

 T00019.  Samples were collected for MW-D3-007 on March 18, 2011, April 29, 2011, and 

June 4, 2011.  Samples were collected for MW-PDC-C7-T00019 on March 18, 2011 and 

April 16, 2011. 
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Table 4 

 

2011 UMore Park Hydrogeologic Monitoring and Assessment  

Location MW-PDC-C5-T00006  

Date 3/18/2011 4/16/2011  

Data Source (JTG) (JTG)  

Parameters in mg/kg  (ppm)    

Alkalinity (as ppm CaCO3) 260 281 
 

Chloride 4.5 7.2  

Aluminum 0.0074 0.016  

Calcium 68.5 77  

Iron 0.006 0.003  

Magnesium 28 30.4  

Manganese 0.00215 0.0007  

Potassium 1.35 1.15  

Sodium 4.04 5.3  

Barium 0.048 0.234  

Lithium 0.003 0.007  

Phosphorus 0.007 0.014  

Silicon 6.3 7.2  

Strontium 0.101 0.11  

Fluoride 0.175 0.062  

NO2 - N  <0.001 0.15 
 

Bromide <0.002 <0.01  

NO3 - N (Nitrate) 2.1 5 
 

SO4 (Sulfate) 21.7 8.15 
 

PO4-P (Phosphate) <0.001 <0.005 
 

 

 

Key 

    

 
JTG = Joel T. Groten (U of M Research Assistant)    
ND = No Data    

 

 

Table 4.  Geochemistry of major anions and cations in monitoring well PDC-C5-T00006.  Samples 

were collected on March 18, 2011 and April 29, 2011. 
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Figure 1.  Average temperature in UMore monitoring wells in 2011.  Maximum and minimum 

temperatures shown by the range bars. 
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Figure 2.  Temperature as a function of time in MW-C2-002 from December 29, 2010 to June 4, 

2010.  
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Figure 3.  Temperature as a function of time in MW-E2-009 from 29 December 2010 to 4 June 

2010.  
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Figure 4.  Temperature as a function of time in MW-E2-209 from 29 December 2010 to 4 June 

2010.  
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Figure 5.   Temperature as a function of time in MW-E2-305 from 29 December 2010 to 4 June  

    2010.  
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Figure 6.  Temperature as a function of time in PDC-C7-T00019 from 29 December 2010 to 4 June 

2010.  
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Figure 7: Temperature as a function of time in MW-D3-0007 from 29 December 2010 to 4 June  

    2010. 
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Figure 8.  Temperature as a function of time in PDC-C5-T00006 from 29 December 2010 to 4 June 

    2010.  

 

 

 

 

 

 

 

 

 



UMore Park Hydrogeologic Report                                                                                               29 

Rosemount, MN 

 

 

University of Minnesota                                                                                        January 2012                                             

Department of Earth Sciences  

 

 

 

 
 

 

Figure 9.  Water level as a function of time in MW-D3-007 from 29 December 2010 to 4 June 2011. 
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Figure 10.  Water level as a function of time in MW-PDC-C5-T00006 from 29 December 2010 to 4  

   June 2011. 
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Figure 11.  Electrical conductivity as a function of time in MW-D3-007 from 29 December 2010 to 4 

    June 2011. 
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Figure 12.  Electrical conductivity as a function of time in MW-PDC-C5-T00006  from 29 December 

    2010 to 4 June 2011. 
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Figure 13.     Magnesium  versus calcium in 8 monitoring wells at UMore Park from 2009 to 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UMore Park Hydrogeologic Report                                                                                               34 

Rosemount, MN 

 

 

University of Minnesota                                                                                        January 2012                                             

Department of Earth Sciences  

 

 

 
 

 

 

Figure 14.  Nitrate-nitrogen as a function of time in 8 monitoring wells at UMore Park from 2009 to 

    2011. 
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Figure 15.     Chloride as a function of time in 8 monitoring wells at UMore Park from 2009 to 2011. 
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Figure 16.  Bromide versus chloride in 8 monitoring wells at UMore Park from 2009 to 2011.   

    The steep line represents the Br/Cl ratio Minnesota rain water.  


