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14727 209th Street North 
Scandia, MN 55073 
 
 

Re:  2013 Groundwater Monitoring Summary  
Zavoral Aggregate Mining and Reclamation Project   
City of Scandia, Minnesota   

 
  
Dear Ms. Handt: 
 

On behalf of the City of Scandia (City), Leggette, Brashears & Graham, Inc. (LBG) has 
reviewed the 2013 groundwater monitoring data collected from the Tiller Corporation’s (Tiller) 
Zavoral Aggregate Mining and Reclamation Project (Site) (Figure 1).  The purpose of the monitoring 
is to evaluate groundwater and surface water conditions across the Site and compare these data to 
current and future mining and reclamation activities, and to ensure the conditions of the February 19, 
2013 Conditional Use Permit (CUP) and Annual Operating Permit (AOP) for the Site have been met. 

 
  LBG was retained by the City to monitor and report on groundwater conditions at the Site. The 

Washington County Conservation District (WCD) was retained by the City to monitor and report on 
surface waters.  Although LBG’s scope focuses on groundwater, both parties have collaborated on 
the review of both data sets considering the hydraulic connection between groundwater and surface 
water across the Site.  The WCD’s report will be submitted by the WCD under separate cover.   

 

LBG’s report includes the following information: 
 

 A brief summary of background information related to groundwater monitoring; 

 Groundwater monitoring field procedures; 

 Monitoring results and discussion;  

 Summary of the findings; and, 

 Recommendations. 
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BACKGROUND 

 

Overview of CUP Groundwater Conditions 

As part of the CUP Tiller was required to meet the following conditions related to 
groundwater monitoring,: 

 

 Maintain a separation distance of 25 feet for less between the maximum depth of mining and 
the highest groundwater level on the Site;  

 Keep daily pumping from the existing Zavoral Site Well production well (Zavoral Site Well) 

 Pumping cannot exceed a rate 10,000 gallons a day at a maximum pumping rate of 1,200 
gallons per minute (gpm), with the annual volume below 1 million gallon per year; 

 Install and maintain the required on-Site monitoring wells; and, 

 Revise and implement their Groundwater Quality Protection Plan (GWQPP). 
 
Monitoring Well Installation 

It was predetermined during the CUP review and approval process that four monitoring wells 
would serve as locations for groundwater level measurements and groundwater sampling at the Site.  
One monitoring well (MW-1) and two observation wells (PZ-1 and PZ-2)  were installed in January 
2013.  The difference between the “MW” designation and a “PZ” designation is that the former is 
permitted for groundwater quality sampling in accordance with the Minnesota Department of 
Health’s (MDH) Well Code. The fourth well is the existing private Trails End well (Trails End Well) 
located just west of the Site (Figure 1).    

 
Monitoring well MW-1 is located adjacent to the Zavoral Site Well and hydraulically down 

gradient (i.e.,“downstream”) of the on-Site refueling area (Figure 1). The well was installed on 
January 9, 2013 by Braun Intertec Corporation (Braun).  This well is screened in sand and gravel 
water table aquifer from 80 to 90 feet below grade (ft bg).  This well is used for groundwater 
sampling and groundwater level measurements.   

 
The two observation wells PZ-1 and PZ-2 are located on the southern and northern ends of the 

Site, respectively.  PZ-1 was installed by on January 15, 2013 by Braun and is screened in St. 
Lawrence Formation from 88 to 103 ft bg.  PZ-2 was installed by Traut Wells, Inc. on January 18, 
2013 and is screened in the Jordan Sandstone from 100 to 110 ft bg.  The purpose of these wells is to 
collect groundwater level measurements only.  Both of these wells are screened in the water table 
aquifer, which was the first groundwater encountered during drilling.  Representatives from Tiller 
were Site to log the boreholes and observe well installation. 

 
The Trails End well does not have a well log, but was measured previously as part of the Draft 

EIS work.  A depth of approximately 139 ft bg was measured.   
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The well and boring records for the monitoring wells are included in Attachment 1 and a well 
construction summary is presented in Table 1. Figure 2 shows a conceptual hydrogeologic cross 
section and the relative completions depths and geologic formations encountered during well 
installation. 
 

GROUNDWATER MONITORING PROCEDURES 
 

As outlined in the GWQPP baseline water levels and groundwater samples were collected at the 
Site prior to 2013 mining operations beginning.  The initial groundwater levels were measured by 
Tiller with an electronic water level meter immediately after the monitoring and observation wells 
were installed in January 2013.  LBG made regular visits to collect manual water levels and 
download data from the automated monitoring equipment that was installed in each well in June 
2013.  Pace Analytical Services, Inc. (Pace) was on Site to collect groundwater samples from MW-1 
in September 2013. 
 
Groundwater Monitoring Equipment  

Groundwater level and water quality data are being measured at the Site using In-Situ, Inc. (In-
Situ) electronic data loggers (loggers).  Dedicated loggers were installed in the four monitoring wells 
by LBG in June 12, 2013.  The objective of loggers is to collect continuous data, which allows for 
better characterization of groundwater conditions.  Three of the four wells in the Site’s monitoring 
network have Level 500 loggers, which are connected to a pressure transducer and temperature 
probe.  This setup allows for water level and temperature data to be measured and recorded.  An 
AquaTroll 200 was installed in MW-1.  This measures and records water quality data in addition to 
water level and temperature data.  Water quality is of interest in MW-1 due to its proximity to the 
Zavoral Site Well and on-Site refueling station, and its central location in the mining area.  All 
instruments were programed to log readings at a 1 hour interval.  The data collected at each well are 
as follows:  
 

Well 
Pressure 

(Water Level)  
Temp. 

(ºF) 
Conductivity 

(µS) 
Resistivity 
(ohm-cm) 

Total Dissolved 
Solids (TDS) 

(ppm) 

Salinity 
(ppm) 

MW-1 Yes Yes Yes Yes Yes Yes 
PZ-1 Yes Yes No No No No 
PZ-2 Yes Yes No No No No 

Trails End Yes Yes No No No No 

 
Groundwater Level and Water Quality Parameter Measurements 

After the initial January groundwater level measurements completed by Tiller, LBG visited the 
Site six times (March, June, July, September, November and December 2013).  In March, only 
manual groundwater levels were measured and in the June 2013 LBG installed the loggers.  Data 
were downloaded from the loggers and manual water level measurements were made by LBG during 
subsequent visits. 
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Groundwater Sampling 

Pace visited the Site on September 10, 2013 to collect groundwater samples from MW-1.  The 
samples were analyzed by Pace for Diesel Range Organics (DRO), benzene, ethylbenzene, toluene 
and xylene (Total) (BTEX).  The field data sheets and lab results are provided in Attachment 2, and 
summarized in Table 2. 

   

GROUNDWATER MONITORING  

RESULTS AND DISCUSSION 

 

Groundwater Level Measurements 

Groundwater levels across the Site were relatively stable for 2013 and showed no effects from 
mining operations and from pumping the Zavoral Site Well.  This is shown by the well hydrographs 
on Figures 3 and 4, and in Attachment 3.  Groundwater levels in PZ-2 and MW-1 rose by 
approximately 0.8 feet from June through September 2013 then began to slowly drop by 
approximately 0.5 feet between October and December 2013.  These trends are consistent with 
seasonal variations that typically occur with spring recharge followed by drier summer months.  The 
graphs also show that the precipitation events recorded by the WCD at their Bone Lake weather 
station located approximately miles 4 miles to the west-northwest showed no measurable effects on 
water levels at the Site.  This assumes the events at Bone Lake also occurred on Site. The slight 
deviation from the established groundwater level trend that occurred in MW-1 in early September 
was in conjunction with the Pace groundwater sampling event on September 10th.  The cause of this 
deviation is discussed later.   
 
Groundwater Flow Direction 

Groundwater surface contour maps are shown on Figures 5 and 6 for measurements collected on 
June 12 and September 12, 2013.  These dates represent low and high groundwater level conditions, 
respectively.  The maps show the configuration of the groundwater surface is consistent for both 
circumstances.  Groundwater flow across the Site is from the west-northwest to the east-southeast 
and toward the St. Croix River.  Based on these results MW-1 is placed in the optimum location for 
detecting any potential impacts to groundwater from mine operations. 
 
Mining Depth and Groundwater Levels 

Tiller reported that the deepest the mine advanced in 2013 was at an elevation between 850 and 
855 feet above mean seal level (ft-amsl).  Based on the groundwater elevations shown on Figures 5 
and 6, the estimated separation distance between the bottom of the mine and the groundwater surface 
in 2013 would have been in the range of approximately 40 to 65 feet.  This puts the bottom of the 
mine well above the 25 foot minimum separation distance specified in the conditions of the CUP.    

 
Zavoral Site Well Pumping 

Tiller pumped the Zavoral Site Well on two occasions summarized below.  The water was used 
to fill the water truck for dust control and for watering planted trees.  No impact to water levels 
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monitored at the Site occurred as a result of pumping this well.  Tthe pumping amounts met the 
conditions of the CUP for 2013 (Figure 4). 

 

Date  Amount Pumped (gallons)
October 16, 2013  8,000 
November 1, 2013  8,000 

 

Total for 2013  16,000 
 

Groundwater Quality (MW-1) 

The groundwater quality parameters collected in MW-1 using the AquaTroll 200 shows 
conductivity, TDS and salinity decreased slightly throughout the monitoring period, and resistivity 
(the inverse of conductivity) increased slightly over the same time period (Attachment 2). 
Conductivity values ranged from approximately 365 to 420 µS, resistivity 2,380 to 2,735 ohm-cm, 
TDS 338 to 390 parts per million (ppm), and salinity 250 to 290 ppm.  The levels of all parameters 
remained stable during the mining operations indicating no changes in the groundwater conditions. 
Note the above range of values for each parameter do not take into consideration the anomaly that 
occurred beginning on the September 10th, which is discussed in more detail below. 
 .    
Groundwater Analytical Results  (PACE Labs) 

The groundwater analytical results from MW-1 show DRO and BTEX were not detected at or 
above the method detection limits.  The results are summarized and included in Table2. 
   
September 2013 Groundwater Level and Water Quality Parameters Deviation 

The anomaly in the In Situ data from MW-1 occurred during the monitoring period beginning on 
September 10, 2013.  This date corresponds with the Pace sampling event at MW-1.  During the event, 
Pace had to remove the AquaTroll 200 from MW-1 in order to sample the well.  Per communication 
with Tiller, the AquaTroll 200 was removed from the well for approximately 45 minutes then 
reinstalled to its original position.  The removal and purging of water from the well during sampling 
resulted in the groundwater quality conditions changing.  The data anomaly is shown on the graphs for 
each parameter, which are included in Attachment 2. 

 
LBG contacted In-Situ who confirmed the instrument sensors were logging correctly as indicated 

by the data trends for each parameter returning to its pre-anomaly trend, albeit slowly.  Therefore, the 
anomaly can be disregarded and there are no data integrity concerns as a result of the significant 
deviation from the originally established data trends for each groundwater quality parameter in MW-1 
 

SUMMARY 
 

The following summarizes the 2013 groundwater monitoring results at the Site as they related to 
the conditions of the CUP: 
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 The GWQPP was revised to address LBG’s comments and implemented by Tiller in January 
2013; 

 The monitoring well network at the Site was established in January 2013 with the installation 
of three monitoring wells (MW-1, PZ-1 and PZ-2) at the locations approved by LBG. The 
Trails End Well was also included in the network.  These wells monitor the water table 
aquifer; 

 The four wells are instrumented with data loggers to continuously monitor groundwater 
levels and temperature, and water quality parameters (MW-1 only); 

 Groundwater level data shows groundwater flows across the Site from west-northwest to 
south-southeast toward the St. Croix River; 

  The deepest mining in 2013 was at elevation of approximately 850 ft amsl, which is 
approximately 40 to 65 feet above the water table surface; 

 The Zavoral Site Well was pumped two times at rates and volumes below the maximum 
allowable limits outlined in CUP conditions, and no impacts to the water table aquifer were 
observed as a result of pumping;  

 The groundwater levels and groundwater quality parameters remained relatively stable during 
2013,  particularly during the mining operations; and,  

 No impacts to groundwater levels or quality were observed as a result of the 2013 mining 
operations.  

 
 

RECOMMENDATIONS 
 

Based on the evaluation of the 2013 monitoring data all CUP conditions related to the 
groundwater have been met by Tiller.  At this time, LBG recommends the conditions of the CUP and 
AOP remain in place and the GWQPP continue to be followed.   
 

 
Sincerely, 

LEGGETTE, BRASHEARS & GRAHAM, INC 

       
Roscoe F. Sopiwnik, GISP 
Environmental Scientist II 

 
     David S. Hume, PG 
     Senior Associate 
 
 
 
DSH: 
S:\Tech\Scandia Aggregate\Zavoral\Monitoring Reports\2013\2013 Monitoring Data Review (final).doc 
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TABLES 



TABLE 1

MONITORING AND OBSERVATION WELL CONSTRUCTION SUMMARY

ZAVORAL AGGREGATE MINING AND RECLAMATION PROJECT
SCANDIA, MN

MW-1 9-Jan-13 864.43 867.43 90.00 774.43 784.43 80-90 85.00 779.43
PZ-1 15-Jan-19 854.94 857.94 103.00 751.94 766.94 88-103 89.00 765.94
PZ-2 18-Jan-13 889.89 892.89 110.00 779.89 789.89 100-110 91.00 798.89

Trails End Unknown 929.38 932.38 ~139 799.38 Unknown Unknown 115.75* 813.63

AMSL:  above mean sea level
BG: below grade
* Water level collected 6/12/2013

Well 
Number Install Date Total Depth  

(feet BG)

Depth to 
Water at 

Installation 
(feet BG)

Top of 
Casing 

Elevation   
(feet AMSL)

Groundwate
r Elevation 
(feet AMSL)

Top of 
Screen 

Elevation 
(feet AMSL)

Grade 
Elevation 

(feet AMSL)

Total Depth 
Elevation 

(feet AMSL)

Screened 
Interval     

(feet BG)

S:\Tech\Scandia Aggregate\Zavoral\Monitoring Reports\2013\
Table 1 - Well Construction Summary (final), Fluid Levels Page 1 of 1 LEGGETTE, BRASHEARS & GRAHAM, INC.



TABLE 2

ZAVORAL AGGREGATE MINING AND RECLAMATION PROJECT
SCANDIA, MN

MW-1 GROUNDWATER ANALYTICAL RESULTS
2013

Units mg/L ug/L ug/L ug/L ug/L

Method Detection 
Limit

0.10 1.0 1.0 1.0 3.0

10-Sep-13 <0.10 <1.0 <1.0 <1.0 <3.0

mg/L: Milligrams per Liter
ug/L: Micrograms per Liter

Sample Date
Diesel Range 

Organics 
(DRO)

Ethylbenzene Xylene 
(Total)Benzene Toluene

S:\Tech\Scandia Aggregate\Zavoral\Monitoring Reports\2013\
Table 2 - MW-1 Pace Analytical Results (final), Fluid Levels Page 1 of 1 LEGGETTE, BRASHEARS & GRAHAM, INC.
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ATTACHMENT 1 
 

WELL AND BORING RECORDS 















 (100 lbs)  (500 lbs) 

 

      

' 

50 lbs 

150 lbs 

15' 

 Black Iron 

  

 



Project Name Job Number

Location Well/Boring Name

Engineer/Client Unique Number

Date Completed Driller Assistant

Well\Boring Depth

Drilling Method

Drilling Fluid Above Grade

Borehole Diameter  

Static Water Level

Screen Material

Screen Length

Casing Material 100'

Casing Length
LC Steel

Casing Diameter

Filter Pack Used
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91'

Stainless Steel
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MONITORING WELL DATA PLOTS 
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	Unique_Well_Number: 772850
	Client: Tiller Corporation
	Project_Number: SP-12-07375
	Location: Zavoral Pit 
	Well_Number: P-1
	Well_Location: Scandia, Minnesota 
	Date_of_installation: 01/15/2013
	BM_Location_and_Elevation_001: 
	Crew: SM, BP
	Geologist: 
	Textfield: 3'
	Top_of_Riser_Pipe_Elevation: 857.94
	Ground_Surface_Elevation_01: 855.73
	Depth_to_Bottom_of_Surface_Seal: 4'
	Approximate_Water_Level: 
	Approximate_Depth_to_First: 89'
	Textfield5: 77'
	Depth_to_Bottom_of_Seal: 79'
	Textfield6: 88'
	Depth_to_Bottom_of_Screen: 103'
	Depth_to_Bottom_of_Boring: 103'
	HSA: X
	ID: 4 1/4"
	Casing: 
	ID0: 
	Tricone: X
	OD: 4"
	PC-Type: 6" Steel
	PC-Length: 7'
	PC-Lock_Number: 2106
	No_L: On
	ChkBox: Off
	Type_of_Grout_Material: Bentonite Grout
	Amount_of_Material_Used_lb: 600 lbs
	Proportions_Bentonite: X 
	Cement: X 
	RP-Type: 
	RP-Diameter: 2"
	RP-Total_Length: 91
	RP-Sections_Used: 9 
	RP-Couplings: 9 
	No_L0: On
	ChkBox0: Off
	Type_of_Seal_Material: Bentonite Chips
	Amount_of_Material_Used_lb0: 
	Type_of_Filter_Material: #40 Filter Sand
	Amount_of_Material_Used_lb1: 
	S-Type: PVC
	S-Slot_Size: .010
	S-Length: 
	S-Diameter: 2"
	S-Plug_Point: 
	Remarks: 
	COMPLETED_BY: Scott Mclean


