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1.0 INTRODUCTION 
 
This Preliminary Water Monitoring Plan (Plan) defines procedures to be used for collecting 
water samples and reporting results for the Proposed Jordan Aggregates Sand and Gravel 
Mine (Mine).  The purpose of this document is to provide guidance and rationale on issues 
related to routine environmental monitoring.  The term “monitoring” refers to all tasks included 
in the collection of data from groundwater wells surface water sampling locations at the site 
including: water level data collection,  water sampling for chemical analysis, and 
documentation of well and field conditions.  This information is intended to fulfill requirements 
that will be established by the Scott County Interim Use Permit (IUP) for the Mine. 
 
This Plan is a preliminary plan, as specific monitoring requirements have not yet been 
promulgated in the IUP; the Plan will be finalized upon the execution of the IUP.  This Plan 
will be reviewed annually, and updated as necessary.  Deviations from these procedures may 
be required due to unforeseen circumstances.  Such deviations will be clearly noted on field 
sheets and groundwater monitoring reports. 
 

1.1 Plan Objectives 
 
The primary objective of this Plan is to ensure proper groundwater sample collection and 
reporting as required by the IUP.  Monitoring data will be used to evaluate permit compliance 
and assess potential impacts of the Mine on groundwater and surface water.  Indicator 
parameters such as isotope ratios and dissolved oxygen will be used to evaluate the effect of 
an open water body and surface water/groundwater mixing in terms of trends and spatial 
distribution.  Contaminant analysis (nitrate, organic compounds, microorganisms) will be used 
to evaluate permit compliance and for ongoing risk assessments.  Water level data will be 
used to evaluate impacts on the water table elevation. 
 

1.1.1 Data Quality Objectives 
 
The procedures defined in this plan are intended to provide representative groundwater data 
at the facility.  Representative data are critical to assessing the potential for the landfill to 
influence groundwater.  The objective is to ensure that the data are collected, transported, 
and analyzed in a consistent manner with appropriate levels of quality assurance and quality 
control (QA/QC) at each step of the process.  
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The QA/QC program is designed to continuously refine and implement processes to achieve 
maximum completeness and accuracy. At a minimum, data collection and reporting will be of 
sufficient quality to identify statistical trends in groundwater quality and evaluate facility 
compliance. 
 

1.2 Plan Organization  
 
This Plan consists of three sections following this introductory section:   

• Section 2 describes background information and the Site conceptual model.   
• Section 3 describes the monitoring network, sample parameters, and monitoring 

procedures.   
• Section 4 provides information on data analysis, including statistical methods and 

contingencies, as well as groundwater analysis reporting.    
• Section 5 provides references cited in the text.   
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2.0 BACKGROUND DATA AND SITE CONCEPTUAL MODEL 
 

2.1  Site Description  
 
The Site is located between Valley View Drive and U.S. Highway 169 approximately one mile 
northeast of Jordan Minnesota.  A site location map is included as Figure 1.  The Site 
property occupies 98 acres within portions of the southwest quarter of Section 8 and the 
northwest quarter of Section 17, Township 114 North, Range 23 West.  Current land use at 
the Site consists of agricultural and open land use. 
 
The proposed mining operation would occupy approximately 84.7 acres of the Site property.  
As shown on Figure 2, the proposed mining plan includes excavating below the water table in 
the center of the site, creating a small lake of approximately 36 acres.  In the areas 
surrounding the lake mining will occur down to the water table and reclamation fill will be 
imported to the to bring portions of the Site back up to grade in order to allow for future 
development of the Site. 
     

2.2   Physical Setting and Hydrology 
 
The Site is generally situated on the southeastern edge of the Minnesota River Valley 
between the base of the bluffs/upland area to the southeast and the Minnesota River to the 
northwest.  The Site is bounded by Valley View Drive to the northwest, Sand Creek to the 
southeast, and adjacent properties on the remainder of the perimeter.  Existing topography 
on the Site is shown on Figure 2.  The average Site elevation is approximately 730 ft above 
mean sea level (msl).  Comparatively, the elevation of the Minnesota River is approximately 
695 and the elevation at the top of the bluffs is approximately 970.  Site topography is 
characterized by two primary regions:  

 
The average site elevation is approximately 730 ft above mean sea level (msl).  Site 
topography is characterized by two primary regions: 

 
1. Upland Area located in the northwestern portion of the site – The upland area 

is characterized by gently rolling terrain with surface elevations ranging from 
approximately 727 feet to 749 feet above mean sea level (msl). 

2. Lowland Area located in the southeastern portion of the site – The lowland 
area is located within the Sand Creek floodplain and is characterized by 
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generally flat terrain.  Surface elevations range from 724 feet to 727 feet above 
msl. 

Site drainage flows either southeast toward Sand Creek or northwest to the ditch along Valley 
View Drive where it infiltrates.  Regional drainage is toward the Minnesota River, which is 
approximately 0.7 miles northwest of the Project Site.  
 

2.3   Hydrogeologic Conceptual Model 
 
The following paragraphs summarize the Site hydrogeologic conceptual model.  Much of the 
information presented below has been adapted from a more detailed discussion of the 
conceptual model presented in the Groundwater Model for the Site (McCain 2010). 
 

2.3.1 Geology 
 
Surficial geology at the Site consists of unconsolidated river terrace deposits of sand and 
gravely sand with localized deposits of gravel and cobbly gravel.  Areas of clay and silt loam 
floodplain deposits up to 20 feet thick occur in the lowland area near Sand Creek, and in the 
area to the northwest of the Site between Valley View Drive and the Minnesota River.  The 
unconsolidated deposits span the Minnesota River Valley to the northwest and range from 70 
to 150 feet thick and average approximately 100 feet thick across the Site.  To the southeast 
of the Site the alluvial deposits pinch out and are replaced by unsorted glacial sediment or till. 
 
The first bedrock encountered over the southwestern 1/3 of site is St. Lawrence Formation.  
This unit is characterized by dolomite-cemented very fine-grained sandstone and siltstone, 
occasionally interbedded with shale and dolostone; and ranges in thickness from 55 to 80 
feet.  Under the northern two-thirds of the Site the St. Lawrence Formation has been eroded 
away and as a result the first bedrock encountered is the Franconia Formation.  This unit is 
characterized by glauconitic sandstone, siltstone and shale; with grain size generally 
decreasing with depth.  Based on the logs of water wells penetrating the formation, shale 
appears to be prominent within the Franconia in the vicinity of the Site.  The Franconia 
formation is approximately 120 to 140 feet thick.  Bedrock slopes to the north at a grade of 
approximately 4% toward a bedrock valley.  Elevation of the bedrock surface varies from 
approximately 670 in the southwest corner of the Site to 570 at the north end of the Site. 
 

2.3.2 Hydrostratigraphic Units 
 
Three primary hydrostratigraphic units have been identified in the vicinity of the site: 
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1) Surficial sand and gravel aquifer – This unconfined aquifer is comprised of 

unconsolidated alluvial deposits of mostly sand and gravel with varying amounts of 

fines.  Horizontal hydraulic conductivity of the unit was determined by performing 

slug tests at each of the four monitoring wells on Site.  An average hydraulic 

conductivity (k)of 67 feet per day was determined for the unit based on the results 

of slug tests that were performed on each of the four monitoring wells on Site.  

Based on the observed water table elevation the unit has a saturated thickness of 

60 to 130 feet, resulting in transmissivity (T) values ranging from 4000 to 8700 

ft2/day.  Horizontal groundwater flow is toward the northwest toward the Minnesota 

River, which is the primary discharge for the aquifer.  Site-specific vertical 

gradients have not been determined, however it is likely that the vertical 

component of flow within the upper portion of the surficial aquifer is downward; as 

the water table at the site is higher than the Minnesota River.  Water wells 

completed at different depths within the unit show similar water levels, indicating 

that there are not significant vertical gradients; however the potential error 

associated with these measurements precludes them from being used for gradient 

calculations.  Recharge to the unit is predominantly via surface infiltration of 

precipitation in river valley alluvial sediments and stream-bed infiltration of runoff 

transported from the till-mantled upland/bluff area.   

2) St. Lawrence Formation bedrock aquifer – This aquifer is comprised of fine-

grained sandstone.  It occurs immediately beneath the surficial aquifer under the 

southern one-third of the Site and has been eroded away in the northern part of 

the Site.  The unit is approximately 30 feet thick at the location of the 

southeastern-most water well and thins out under the Site until it terminates.  

Groundwater movement within the unit is likely to the northwest, as the aquifer 

transitions from a confined state beneath the clay till of the bluffs to an unconfined 

state beneath the surficial aquifer.    

3) Franconia Formation bedrock aquifer – This aquifer is comprised mainly of 

shale in the vicinity of the Site.  It occurs immediately beneath the surficial aquifer 

under the northern two-thirds of the Site and is overlain by the St. Lawrence 

Formation in the southern portion of the Site.  The Scott County Atlas indicates 

that the Franconia is 120 to 140 feet thick.  Water levels from wells completed 

within the unit indicate that groundwater movement is to the northwest, which is 
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consistent with the overlying units and the regional flow direction toward the 

Minnesota River.   

 

2.3.3 Groundwater Occurrence and Movement 
 
Groundwater beneath the Site occurs within the unconsolidated alluvial deposits as well as 
the underlying bedrock units.  Based on measurements collected in late August 2009, 
groundwater elevation at the Site is approximately 720 ft above mean sea level (MSL).  
Groundwater contours from this measurement event are illustrated on Figure 3.  Based on 
the contours, groundwater flow is generally to the northwest towards the Minnesota River with 
a horizontal gradient of approximately 0.0025 vertical feet / horizontal foot. 
 

2.4 Summary of Monitorable Units  
 
The uppermost saturated unit at the Site is the surficial sand and gravel aquifer, and this unit 
occurs immediately beneath the proposed mine plant site.  Additionally, water from the lake 
created by excavating below the water table will be in direct contact with the surficial aquifer 
substrate.  Therefore; the primary target of monitoring at the Site is the surficial sand and 
gravel aquifer.    
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3.0 WATER MONITORING NETWORK 
 
This section presents the proposed monitoring network, sampling methods, analytical 
methods, and parameters. 
 

3.1 Monitoring Network 
 
The monitoring well network at the Site is summarized on Table 1 and is shown on Figure 4.  
Well logs are included in Appendix A.  The network consists of 5 groundwater monitoring 
wells (4 existing wells, 1 proposed new well), 2 water level piezometers, and one surface 
water monitoring point:   
 
Groundwater Monitoring Wells 
Upgradient Wells: 
MW-5 (proposed new well) 
 
Sidegradient Wells: 
MW-4 
 
Downgradient Wells: 
MW-1  MW-2  MW-3 
 
Water Level Piezometers 
PZ-1  PZ-2 
 
Surface Monitoring Point 
North edge of the mining pond nearest to the plant site. 
 
Wells MW-1 through MW-5 are all water table wells.  Additional deeper wells may be 
proposed for inclusion in the monitoring network based on continued investigation of vertical 
gradients at the Site.  As stated in the Groundwater Model (McCain, 2010) information from 
water wells in the vicinity of the site does not indicate significant vertical gradients within the 
surficial aquifer, however higher resolution measurements would be required to obtain data 
suitable for performing detailed calculations of vertical gradients.  In order to obtain this 
higher resolution data, Jordan Aggregates plans to collect water level measurements from 
progressively greater depths during installation of the on-site wash water well.  These 
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measurements will be used to conduct an assessment of the vertical gradients within the 
upper portion of the surficial aquifer.  If the results of this assessment indicate significant 
downward vertical gradients exist, it may be necessary to install one or more deeper 
monitoring wells. 
 

3.2 Monitoring Parameters and Frequency 
 
Each of the wells and surface water sampling locations in the monitoring network will be 
analyzed for the full list of parameters presented in Table 2.  The list includes surface water 
indicator parameters such as isotope ratios, dissolved oxygen, and temperature; as well as 
groundwater contaminants such as nitrate, organic compounds and microorganisms.  The list 
will be revised with any additional parameters specified by the IUP. 
 
Monitoring frequency will be as follows: 

• Bi-weekly until 8 events have been collected – This is the generally accepted number 
of sampling events required to establish background water quality for statistical 
analysis of groundwater data.  It is important that background samples be statistically 
independent, meaning that water collected during each sampling event must be 
unique to that event and not include water ‘left over’ from the previous event.  
Therefore, sufficient time needs to be allowed between sampling events to ensure that 
water sampled during the previous event has moved beyond the capture zone for the 
current event.  For the monitoring zone at the Site, bi-weekly sampling is an 
acceptable frequency to ensure sample independence.  Based on measured values of 
hydraulic conductivity and horizontal gradients presented in the Groundwater Model 
(McCain 2010), groundwater velocities within the surficial aquifer are on the order of 
1.0 to 1.5 feet per day.  With this rate of groundwater movement, water will have 
moved far enough from the well in a two-week period so as to not be captured during 
the subsequent sampling event.  

• Quarterly for 1 year after the conclusion of background sampling – Collecting 
samples quarterly for one year will allow---seasonal variation in water levels and 
parameter concentrations 

• Annually after the conclusion of quarterly sampling, provided no exceedences of 
applicable limits – If there are exceedences of MCLs or other intervention limits 
specified in the IUP, or VOC/Hydrocarbon detections sampling will return to quarterly. 
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Quarterly samples will be collected on the following schedule: 
Quarter Sampling Date Range 

1 January 1 – March 31 
2 April 1 – June 30 
3 July 1 – September 30 
4 October 1 – December 31 

 
Annual samples will generally be collected during the 3rd Quarter. 
 

3.3 Staff Qualifications 
 
Sampling activities will be performed by MVTL of New Ulm, MN or another qualified 
contractor.  Personnel engaged in sampling will have the necessary skills and training to 
complete the work described in this plan.  The analytical laboratory will be MVTL of New Ulm, 
MN or another qualified laboratory.  MVTL is certified by the Minnesota Department of Health 
and has a written quality assurance/quality control manual available on their website: 
http://www.mvtl.com.   
 

3.4 Monitoring Procedures 
 
The routine monitoring procedures include inspection of the well integrity, notation of any 
problems with the protective casing, surface seal, or lock, and tasks summarized in the 
following sections.    In general, the wells should be sampled in the order upgradient or 
sidegradient to downgradient.  Relative position of each well is shown on Figure 4.   
 

3.4.1 Initial Water Level 
 
A water level measurement and a total depth measurement referenced to the north side of 
the top of the riser pipe will be collected prior to purging or sampling.  
  

3.4.2 Well Volume Calculations 
 
The well volume will be calculated by subtracting the depth to water from the total depth and 
multiplying the result by 0.16 to obtain the well volume in gallons for 2 inch diameter wells.  
The result may be reported in metric units by multiplying gallons by 3.8 to obtain liters.   
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3.4.3 Purging and Stabilization 
 
Purging is performed using either electric submersible pumps or standard 1.5 inch diameter 
bailers. Purging rates vary depending on well depth, but stabilization parameters will be 
collected every one to two minutes to ensure that formation water is collected from the well. 
Stabilization parameters include pH, specific conductivity (corrected to 25°C) and 
temperature.  Once three consecutive readings are obtained with less than 5 percent change 
in parameter readings, the well may be sampled.  If the well is approaching stabilization after 
three well volumes, additional volumes may be removed to achieve stabilization.  If the well is 
not approaching stabilization after three well volumes, the well is unlikely to stabilize and may 
be sampled after four well volumes.  For low recovery wells, sampling will occur after the well 
is bailed dry and allowed to recover without additional purging as described below. 
 
Low water level and slow recharging wells will be bailed first and allowed to recharge.  Pre-
bailing by facility staff one or more days before sampling may be necessary to ensure 
sufficient sample volume on the day of sampling. These wells will be immediately sampled 
without further purging or stabilization testing.  Priority samples will be collected for organics 
and metals then general chemistry parameters.  If insufficient sample is available for organic, 
metals or general chemistry parameters, then field parameters will be collected at a minimum. 
 
Interruptions in bailing or pumping that may cause a surge of water to run back down into the 
well are to be avoided if possible.  Turbidity and color are noted on the field data sheet by 
indicating whether the sample was opaque, cloudy, or clear.  Color will be noted separately 
on the field data sheet (i.e. yellow, red, gray, none, etc.).  Blanks and/or duplicates are also 
documented on the field sheet and whether they were collected before or after the identified 
well sample. 
 

3.4.4 Sampling and Handling 
 
Wells are sampled for the parameters listed in Table 2 including (in order of sample 
collection) organic compounds, microorganisms, and general geochemical parameters and 
field parameters.  General and field parameters (pH, specific conductivity, and temperature) 
are collected after all the other samples have been placed in their proper containers.  If a 
well(s) is found to have insufficient volume for a full sample, then water shall be collected for 
field parameters.  Samples will be placed directly in a cooler with ice maintained at about 4°C.  
Each sample container should be labeled clearly prior to sampling with the well ID, date, 
analysis, preservative if any, and sampler’s initials.  The samples will be transported under 
chain of custody, on ice and in a sealed cooler. 
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3.4.5 Final Water Level 
 
After sampling, a final water level and total depth measurement will be obtained and the well 
will be capped, locked, and the bailer or tubing disposed of properly.  All information from the 
well will be noted on the field sampling data sheets and the preceding steps repeated on the 
next well. 
 

3.4.6 Purge Water and Decontamination 
 
Purge water may be conveyed to the ground surface on the downgradient side of the well 
location. 
 
All downhole equipment is rinsed with deionized water after each well.  Non-dedicated purge 
pumps (if used) are flushed with Alconox solution and rinsed with deionized water. 
 

3.4.7 Sample Procedures for Surface Water 
 
The surface water sample shall be collected from along the north edge of the mining pond 
near the processing plant site.  The sample may be collected with a bailer or other dip sample 
obtained as long as the sampler avoids collection of surface layer of water that may contain 
dust particles.  The sample shall also avoid sediments from the pond bottom.  No water level 
measurements or purging is required, but field parameters shall be collected as described 
above. 
 

3.4.8 Field Blanks and Duplicates 
 
All quality assurance/quality control (QA/QC) samples will be collected in the same manner 
and type of container as the corresponding primary samples.  A field method (equipment) 
blank will be collected to detect method or background contamination.  Duplicate samples will 
be collected to evaluate variability in analytical methods.  These QA/QC samples will be 
collected at sampling points which represent the entire range of contamination concentrations 
in order to provide meaningful information for blank or duplicate sample evaluation. 
 
QA/QC samples will be assigned identification aliases on the sample bottle label and on the 
chain of custody sheet to avoid alerting laboratories that the sample is a blank or duplicate 
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sample.  The true identify of the QA/QC samples will be recorded in the sampling field sheet 
and in the Sampling and Analysis Report. 
 
Field Methods (Equipment) Blanks 
 
One field method (equipment) blank for each event will be collected and analyzed for the 
following parameters: Alkalinity, Ammonia nitrogen, Chloride, Nitrate, Sulfate, Total Dissolved 
Solids, and the BTEX series.  Sample containers and preservatives used for each blank will 
be the same as those used for each primary sample.  All containers shall be pre-cleaned 
according to the laboratory’s QA/QC program, in the same manner as primary sample bottles.  
The sample blank container will be filled in the field in a manner that simulates actual field 
sampling methods.  The field blank water will be run through all of the same tubes, sample 
collection devices, filters, etc. that the actual sample water will encounter.  Trace metals 
blanks will be filled with laboratory-prepared, triple deionized water. 
 
Duplicate Samples 
 
One duplicate set will be collected and analyzed for each event sample collected.  Duplicates 
will be collected and analyzed for the following parameters:  Alkalinity, Ammonia nitrogen, 
Chloride, Nitrate, Sulfate, and Total Dissolved Solids. 
 
Duplicate samples for each parameter group will be collected immediately after the 
corresponding primary sample, with a sampling stream that is steady and continuous.  (Note:  
All duplicates are not sampled together, but are sampled immediately after the primary 
sample from each parameter group.)  The time of duplicate sample collection will be recorded 
on the field sheet. 

 

3.4.9 Sample Shipping 
 
The coolers containing the samples will be shipped overnight or hand-delivered under chain 
of custody to the contract laboratory.  The coolers will be sealed and packed on ice with 
appropriate inert padding materials to prevent breakage.  A chain of custody will be included 
in the shipment clearly identifying each sample by both the laboratory number and the Well ID 
number.  All copies of the chain of custody will be signed and dated by the sampler. 
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3.4.10 Field Documentation 
 
All field data will be recorded on the appropriate field data sheets.  Example field data sheets 
are included in Appendix B.  
 

3.4.11 Analytical Procedures 
 
Analysis of groundwater samples will be performed by a qualified contractor according to 
EPA methods indicated on Table 2.  Sample requests will be initiated by the laboratory 
contractor.   Any detection below the practical quantitation limits (PQLs) will be reported as 
non-detected quantities (“ND” values).  Alternatively, non-detected values can be reported 
with a “<” symbol as long as the PQL is clearly defined.   
 
Data will also be reported with method detection limits and satisfactory laboratory 
performance will be judged partly on the laboratory’s ability to maintain constant PQLs.  Any 
deviation from PQLs or dilutions will require appropriate qualifiers and should be supported 
by laboratory quality control data, matrix spike, and/or duplicate data that provide a basis for 
batch acceptance.  Samples that do not meet laboratory defined QA/QC criteria will be 
flagged accordingly in the electronic data submittals Laboratory data will be reported within 
thirty days of each event electronically.  Quality control data, field data sheets, and laboratory 
results with narrative should be submitted to Jordan Aggregates within 45 days of each event.  
 

3.4.12 Data Validation 
 
Basic data validation will be performed on each round of routine data by Jordan Aggregates 
or its designee.  For each event, the laboratory will be checked for completeness and 
accuracy against Table 2.  The completeness criteria will ensure that all the parameters were 
analyzed from all the sampling points required, using the specified methods.  Assessment of 
accuracy will verify that the limits and units are reported as required and the 
sample/parameter names are consistent with those required and as shown on the chain of 
custody.  Qualifiers and laboratory control data will be reviewed for evidence of matrix effects 
or cross-media effects that could influence sample results. Any inconsistency will be reported 
to the laboratory for correction or explanation as appropriate.  Corrective action may include 
recalculation, reanalysis, or resampling depending on the problem identified. 
 
Prior to statistical analysis, the following results will be removed from the statistical data set if 
they carry any of the following qualifiers: 
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• Values recorded in sample or laboratory blanks (“b flag”) 
• Values recorded for samples that exceed holding times (“h flag”; e.g. laboratory pH)  
• QA/QC problems that may require resampling (e.g., unpreserved samples received 

above 4 degrees Celsius) 
• Other conditions that indicate samples are not representative (determined on a case 

by case basis). 
 

3.4.13 Laboratory Data Deliverable  
 
Consistent and efficient incorporation of the data into the database is integral to reporting 
representative data.  A data deliverable specification has been developed to ensure that the 
data can be smoothly merged into the data management system and is described below:   
 
All water quality data will be submitted to Jordan Aggregates electronically as both a .PDF 
and hardcopy of the laboratory report, and as a .CSV or .TXT file in spreadsheet format.  The 
laboratory report shall include full narrative, methods, and quality assurance data, and chain 
of custody.  If sampling services are provided a copy of the original field data sheets shall 
also be provided in PDF format or hardcopy.   
 
The CSV or TXT file shall include the following column fields from left to right: 
 

• Monitoring Point 
• Constituent or parameter name as shown on Table 2 
• Appropriate units (N/A is not an acceptable unit) 
• Date (mm/dd/yyyy) 
• Flag or qualifier, including “<” or ND for non-detect values  
• Result 
• Laboratory reporting limit 
• Method detection limit 

 
Date should be in numeric (serial) format with slashes as shown above.  Monitoring points 
shall be the well names as listed in Table 1.  Sample constituents shall be listed in the 
appropriate name exactly as shown on Table 2.   The CAS number is not required.   Results 
shall be reported in consistent units as noted on Table 2.  All values must have appropriate 
units and defined detection limit as shown on Table 2.  
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Changes to reporting limits by more than 25% are not allowed without notification and 
authorization from Jordan Aggregates unless matrix interference is documented and fully 
described by the analyst.  The last column will be a flag or quality control qualifier.  
Acceptable qualifiers include a blank for detected compounds, “<” or ND for No Detect, or 
one of the quality control flags described above.  
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4.0 DATA ANALYSIS AND REPORTING 
 

4.1 Introduction 
 
Sampling data, including analytical results, will be compiled and analyzed by a qualified 
environmental professional. 
 
Groundwater elevation data will be analyzed by the following methods: 

• Compare data to historical results 
• Generate surface model and contour map of water table elevation 

 
Analytical data will be analyzed by the following methods: 

• Compare results to applicable limits 
• Scan data for detections of organic compounds 
• Perform statistical analysis of data 

 
In the event that a sample constituent exceeds an applicable limit, Scott County will be 
notified and resampling will be conducted within 30 days of the exceedence being identified.  
If subsequent resampling confirms the exceedence/detection, the verified exceedence/ 
detection will then be subject to the protocols outlined in Section 4.6 of this Plan.  
 
Statistical analysis of the data is discussed in the following sections. 
 

4.2 Statistical Approach 
 
The following paragraphs briefly describe the statistical approach to identifying increasing 
parameter concentrations at the Site.  The rationale for selecting a specific method is based 
on discussion presented in various texts regarding statistical analysis of groundwater 
monitoring data (Gibbons, 1994; U.S. EPA, 2009), and the tests will be performed in general 
accordance with the considerations and assumption described in the texts.  Statistical 
analysis will be performed using a statistical analysis software application such as DUMPStat 
developed by Robert Gibbons and Discerning Systems, Inc.; or Sanitas developed by Sanitas 
Technologies. 
 
There are two main types of statistical test used in groundwater monitoring: inter-well tests 
and intra-well tests.  Inter-well tests compare data from upgradient wells to data from 
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downgradient wells, while intra-well tests compare current data to historical data within a 
single well.  An important factor in determining which type of test to use is data variability, 
particularly spatial variability.  At sites where a high degree of spatial variability exists it 
becomes less certain that samples collected at downgradient wells will originate from the 
same statistical population as the upgradient wells.  These sites are therefore better suited for 
intra-well tests because the impact of spatial variability is eliminated.  Conversely, at sites 
where the aquifer is relatively homogeneous and gradients and flow directions are well-
established (thereby minimizing spatial variability) inter-well tests are often preferred because 
of the statistical power associated with direct comparison of upgradient and downgradient 
data. 
 
Because of the high groundwater velocity in the surficial aquifer and the lack of significant 
inhomogeneities identified in the aquifer, there appears to be a relatively low potential for 
spatial and temporal variability in parameter concentrations.  Therefore inter-well statistical 
tests, specifically parametric prediction limits, will be the primary statistical methods used for 
groundwater data evaluation.  However; intra-well tests in the form of trend tests will also be 
performed through the use of Sen’s estimate of slope.  Trend tests are generally very useful 
for quickly assessing the data in terms of increasing or decreasing trends, and can be used in 
conjunction with inter-well tests to help identify potential spatial variability. 
 
Prediction Limits 
Prediction limits are tests that compare future results at downgradient wells to a predicted 
upper limit of expected values based on the upgradient concentrations.  A key assumption in 
using these types of tests is that the samples are independent, that there are no increasing 
trends due to the monitored Site and that there a minimum of eight sample events to 
generate a normal or transformed distribution.    
 
In order to obtain the requisite number of background samples for a Site, the monitoring 
schedule is often accelerated in the early stages of monitoring.  This approach is reasonable 
for the Site because statistical sample independence should be preserved due to the 
relatively high groundwater velocity in the monitoring zone. 
 
The parametric prediction interval is calculated with the mean and standard deviation of the 
data as follows: 
 

)
k
*1,k,1n(t

n
11SxPL α−−++=
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Where: 
 PL = prediction limit 

 x  = mean 
 S = standard deviation 
 n = number of background samples  
 t = t-statistic from Table 1.2 (Gibbons, 1994)  
 k = number of future comparisons =5 
 α* = site wide error rate = 0.05 
 
The prediction limits will be updated annually incorporating the most recent upgradient 
background data.  
 
Trend Tests 
Trend tests involve analyzing time series data and identifying increasing or decreasing 
patterns, or trends, in the data.  The method of trend analysis that will be used for the Site is 
Sen’s Estimate of Slope (SES).  SES generally involves computing a simple slope estimate 
for each pair of measurements in the data set and computing the median of those pairwise 
slope values.  This value should then approximate the true slope of the data set.  More 
information on SES, including governing equations, is presented in U.S. EPA 2009. 
 

4.3 Determination of Statistically Significant Increases (SSI) 
 
This section describes the procedures for determination of an SSI.  Verification resampling is 
an integral part of all of the statistical testing.  The resamples for this site will be collected 
during the next routine event.   
 
An SSI may be caused by several factors including, but not limited to, a release of 
contamination to groundwater.  The approach described in this plan is intended to minimize 
false positives (false indication of an SSI) while providing a means of determining whether the 
mine is influencing groundwater quality at the site. 
 

4.3.1 Parametric or Nonparametric Prediction Limit SSIs 
 
The actions to be taken in response to an exceedence of the prediction limits are as follows:   
 

• If a constituent exceeds the prediction limit in a downgradient well, the well will be 
resampled during the next routine monitoring event 
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• If the result from resampling is also above the prediction limit, an SSI will have been 
confirmed 

• If the background sample size (n) is <= 12, the constituent would have to exceed the 
limit in two resamples to confirm the SSI (pass one of two resamples).   

 
If a prediction limit is exceeded in the upgradient well, this information will be carried in the 
database and reported to Scott County during the annual report.  If the resample is below the 
prediction limit, the original value will be retained in the database as an unverified 
exceedence. 
 

4.4 Response to SSIs/Detections/Exceedences 
 
If an SSI, organic compound detection, or exceedence of an applicable contaminant limit has 
been confirmed there are three actions which can occur:  
 

• A demonstration will be made that a non-pond source was the cause of the SSI 
• Assessment monitoring actions will be implemented 
• In some cases, it may be more appropriate and timely to consider an assessment of 

groundwater receptors and develop a site-specific Ground Water Protection 
Standards (GWPS) for consideration by Scott County.  The GWPS would be used in 
place of statistical thresholds at wells where SSIs have been identified.    

 

4.4.1 Demonstrations  
 
If an SSI is confirmed additional information may be collected and presented to Scott County 
to show that the SSI does not represent contamination resulting from the mine.  This 
information may include factual evidence or calculations that demonstrate (for example) 
natural geochemical factors, off-site sources, presence of suspended sediments, or other 
data depending on the specific parameter and well that resulted in the SSI.  The 
demonstration may also use associations of parameters or lack of parameters to show that 
the SSIs observed are inconsistent with contamination resulting from the mine.  
 

4.4.2 Assessment Monitoring 
 
Assessment monitoring may be warranted if Jordan Aggregates opts not to perform a 
demonstration or if the demonstration data is deemed by Scott County as inadequate to 
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refute the SSI.  The first step in assessment monitoring program will be to expand the 
parameter list to evaluate additional parameters.  Additional steps may include additional 
upgradient or downgradient wells to assess both background variability and the nature of the 
parameters downgradient of the SSI. 
 
Specifics of the assessment monitoring program will depend on the parameters involved and 
the location of the well; therefore details of the assessment monitoring are beyond the scope 
of this Monitoring Plan.  If assessment monitoring is necessary, an appropriate response will 
be proposed to Scott County. 

 

4.4.3 Groundwater Protection Standards 
 
In some cases, the parameter that is out of control may not represent a significant 
environmental impact.  For example, field parameters, general ionic parameters and even 
dissolved metals may be statistically elevated but may not have any health risk standards or 
may be well below levels determined to cause potential environmental affects.  In some 
cases, it may be useful to provide an evaluation of the risk posed by a particular parameter 
with respect to potential receptors and propose an alternative monitoring standard that 
replaces statistical comparisons for the well/parameter combination.  This approach would 
then replace the control or prediction limit with a manually defined limit (similar to a non-
parametric analysis).  A typical GWPS might reference previously promulgated values (such 
as MCLs) or other published values. 
 

4.4.4 Contingency Actions 
 
In the event of a verified water quality limit exceedence, the next level of investigation is to 
determine the extent of the problem.  This would be done by possibly monitoring existing 
groundwater monitoring wells and surface water sampling points in the affected area to 
determine the vertical and horizontal extent of the problem, or by possibly installing new wells 
or through a combination of the two methods.  The information gathered during this period of 
investigation would be submitted to Scott County in a report. 
 
The results of the report would then be used to complete a feasibility study that would 
determine the remedial action needed to correct the occurrence.  Remedial actions could 
consist of: 
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1. Additional groundwater monitoring of individual or all aquifer systems located 
downgradient from the problem area. 

 
2. Repairing the on-site processing or surface drainage features if these have been 

identified as the cause of the problem. 
 

3. Installation of a groundwater extraction system and/or groundwater flow barrier. 
 

4. Point-of-use treatment system such as a carbon filter or disinfection treatment. 
 
5. Monitored natural attenuation of contaminants. 

 
6. Creation of an alternative water supply for those impacted by the contamination.  

Alternative water supplies could include installation of a deeper water well or 
connection to city water. 

 
4.5 Reporting 
 
An annual monitoring report will be submitted to Scott County by March 1 of the year 
following the monitoring year.  The report will summarize the results of the year’s 
groundwater monitoring; present statistical and applicable other analyses of groundwater 
data during the monitoring year; describe any changes or modifications at the site that may 
affect the monitoring network; and propose changes to the monitoring network, parameters or 
frequency based on evaluation of the annual data.  The report will also note the occurrence of 
any SSI’s and proposed actions to resolve the SSI.   
 
Additionally, the report will include a comparison of measured contaminant concentrations to 
the Maximum Contaminant Levels (MCLs) for groundwater shown in Table 2.  The MCLs 
have been promulgated by the US EPA and represent the maximum allowable concentrations 
of the parameters at Site.  Any exceedences of MCLs will be documented in the report and 
will be analyzed in conjunction with statistical data to assess whether the exceedence is 
attributable to the Site. 
 
Revisions to this sampling and analysis plan, including statistical methods, will be submitted 
to Scott County for approval along with the rationale for the proposed change. 
Demonstration data will be submitted within 90 days of an SSI confirmed by resample. 
 
The following presents an outline of a typical annual report: 
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Introduction Section 

Each annual report will be prepared with a cover sheet, table of contents, and introduction 
that provides the following: 

• Name of field sampling organization and analytical laboratory 

• Date samples collected 

• Reference to field sampling protocol and laboratory protocol and plan 

• Brief history of sampling activities at the Site 

• Brief review of site hydrogeology 

• Brief review of water monitoring system 

Quality Assurance/Quality Control (QA/QC) Section 

• Weather conditions during sampling 

• Unusual field conditions 

• Observations regarding well security or damage 

• Evaluation of field blank and duplicate QA/QC results 

• Exceptions to field sampling protocol (include reason for the change and potential 
impact on data integrity.) 

• Evaluation of laboratory QA/QC results and data validation (Summarize detections in 
blanks, poor recoveries, etc. and discuss corrective measures taken by the laboratory.) 

• Exceptions to laboratory QA protocol (List of holding times missed, lost samples, 
changed detection limits, etc.  Include reason for the change and potential impact on 
data integrity.) 

Results Section 

• Summary table and contour map for water elevations 

• Highlight new monitoring points or analytical parameters 

• Analytical Results in Tabular Form (Include:  Facility Name; Monitoring Point (Station 
ID); Dates of Sample Collection, Analyte; Data Value; Qualifiers (e.g.) Reporting Limit.) 
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• Identify SSIs, data trends, organic compound detections, and exceedences of 
applicable limits 

Discussion Section 

• Discussion of groundwater elevations, flow direction, source areas and receptors 

• Discussion of surface water conditions 

• Evaluation of QA/QC results 

• Assessment of site impacts 

• Follow-up on previous recommendations or contingency actions 

Conclusions and Recommendations Section 

• Identification of gaps in data 

• Recommendations for re-sampling or re-analysis 

• Identification of Contingency Actions (if necessary) 

• Recommendations for water monitoring plan modifications 

Appendix 

• Field and laboratory results, including QA/QC data 

• Groundwater sampling field sheets 

• Chain of custody records 
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Tables 



MW-5 TBD 178368.00 422350.00 TBD TBD ~727 2" / PVC 5 TBD TBD TBD TBD No. 10 / PVC

MW-4 767639 180262.9 422290.9 29.9 740.19 738.53 2" / PVC 10 18.1 720.4 28.1 710.4 No. 10 / PVC

MW 1 767636 178936.6 420390.8 33.37 741.45 739.10 2" / PVC 10 20.3 718.8 30.3 708.8 No. 10 / PVC
MW2 767637 179409.9 420894.2 22.99 732.12 730.51 2" / PVC 10 11.7 718.8 21.7 708.8 No. 10 / PVC
MW 3 767638 179934.0 421448.8 23.56 731.99 730.59 2" / PVC 10 12.6 718.0 22.6 708.0 No. 10 / PVC

PZ-1 none 178314.80 421989.60 NM 729.66 727.11 3/4" / PVC 3 6.0 721.1 9.0 718.1 60 um / HDPE
PZ-2 none 179214.50 423045.10 NM 728.63 726.30 3/4" / PVC 3 6.0 720.3 9.0 717.3 60 um / HDPE

NM   Not Measured

Top of Riser 
Elevation 
(feet MSL)

Ground 
Elevation 
(feet MSL)

One surface water sample collected from Mine Pond along north edge near plant site.  Monitored for Full List of Parameters (see Table 2)

Length 
(ft)

Top Depth 
(ft bgs)

Top  
Elevation 
(ft MSL)

Well Screen Information

Slot Size / 
Material

Groundwater Monitoring Wells / Piezometers - Monitored for Full List of Parameters (see Table 2)

Water Level Piezometers - Monitored for Water Level Only

TABLE 1
WATER MONITORING NETWORK

Water Monitoring Plan - Jordan Aggregates Sand and Gravel Mine
Sand Creek Township, Minnesota

MN Unique Well 
Number

November 2010

Monitoring 
Location

Measured 
Well Depth  
(ft bTOR)

Location (Scott Co. Coords.)

Northing Easting

Riser        
Diameter / 
Material

Bottom 
Depth (ft)

Bottom 
Elevation 
(ft MSL)

Upgradient Piezometers

Sidegradient Wells

Downgradient Wells

Upgradient Wells (Proposed)
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 Parameter   Method   Required Units  Preservation Hold Time
 Reporting 

Target Limit  

EPA Maximum 
Contaminant 
Level (mg/L)

 Alkalinity - Total as CaCO3   SM2320-B   mg/L  None 14 days 4
Ammonia - Nitrogen as N EPA 350.1 mg/L H2SO4 to pH<2 28 days 0.1
BOD5 EPA 405.1 mg/L None 48 hours 2
 Chloride  EPA 300.0  mg/L  None 28 days 1
Field Dissolved Oxygen EPA 360.1  mg/L  NA NA NA
 Field Conductivity   EPA 120.1   umhos/cm  NA NA 0.1
 Field pH   EPA 150.1   s.u.  NA NA 0.1
 Field Temperature   EPA 170.1   degrees, C  NA NA 0.1
Isotope Ratio: H2/H1 ppt None 1 year NA
Isotope Ratio: O18/O16 ppt None 1 year NA
 Lab conductivity  EPA 120.1  umhos/cm  None 28 days 0.1
Nitrate+Nitrite as N  353.2   mg/L  H2SO4 to pH<2 28 days 0.1 10
 Sulfate  EPA 375.4  mg/L  None 28 days 5
 Total Dissolved Solids  SM2540-C  mg/L  None 7 days 1
 Total Suspended Solids SM2540-D mg/L None 7 days 1
 Water Level Elevation  FT., MSL  NA NA 0.01

 Benzene 8260/8021 ppb 1 0.005
 Toluene 8260/8021 ppb 1 1
 Ethyle Benzene 8260/8021 ppb 1 0.7
 Xylenes (Total) 8260/8021 ppb 3 10
DRO 8015 mg/L HCL to pH <2 7 days 0.2
PAH 8270 ppb None 7 days 0.5

Total Coliforms SM9222B organisms / 100 mL Sodium Thiosulfate 30 hrs <1 org / 100mL

stable isotope mass 
spectrometry

Microorganisms

TABLE 2
ROUTINE MONITORING PARAMETERS

Water Monitoring Plan - Jordan Aggregates Sand and Gravel Mine
Sand Creek Township, Minnesota

November 2010

Inorganics / General Chemistry

Organics

HCL to pH <2 14 days
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Appendix B 
 

Example Field Data Sheet 
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