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Glossary of Terms 

Data Element.   A specific type of information required by the Minnesota Department of Health to prepare a wellhead 
protection plan. 

Drinking Water Supply Management Area (DWSMA).   The area delineated using identifiable land marks that 
reflects the scientifically calculated wellhead protection area boundaries as closely as possible (Minnesota Rules, part 
4720.5100, subpart 13). 

Drinking Water Supply Management Area Vulnerability.   An assessment of the likelihood that the aquifer within 
the DWSMA is subject to impact from land and water uses within the wellhead protection area.  It is based upon 
criteria that are specified under Minnesota Rules, part 4720.5210, subpart 3. 

Emergency Response Area (ERA).   The part of the wellhead protection area that is defined by a one-year time of 
travel within the aquifer that is used by the public water supply well (Minnesota Rules, part 4720.5250, subpart 3).  It 
is used to set priorities for managing potential contamination sources within the DWSMA. 

Inner Wellhead Management Zone (IWMZ).   The land that is within 200 feet of a public water supply well 
(Minnesota Rules, part 4720.5100, subpart 19).  The public water supplier must manage the IWMZ to help protect it 
from sources of pathogen or chemical contamination that may cause an acute health effect. 

Wellhead Protection (WHP).   A method of preventing well contamination by effectively managing potential 
contamination sources in all or a portion of the well’s recharge area.  

Wellhead Protection Area (WHPA).   The surface and subsurface area surrounding a well or well field that supplies 
a public water system, through which contaminants are likely to move toward and reach the well or well field 
(Minnesota Statutes, part 103I.005, subdivision 24). 

Well Vulnerability.   An assessment of the likelihood that a well is at risk to human-caused contamination, either due 
to its construction or indicated by criteria that are specified under Minnesota Rules, part 4720.5550, subpart 2. 
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Acronyms 

DNR - Minnesota Department of Natural Resources 
 
EPA - United States Environmental Protection Agency 
 
FSA - Farm Security Administration 
 
MDA - Minnesota Department of Agriculture  
 
MDH - Minnesota Department of Health 
 
MGS - Minnesota Geological Survey 
 
MnDOT - Minnesota Department of Transportation 
 
MnGEO - Minnesota Geospatial Information Office 
 
MPCA - Minnesota Pollution Control Agency 
 
MWI - Minnesota Well Index 
 
NRCS - Natural Resource Conservation Service 
 
SWCD - Soil and Water Conservation District 
 
UMN - University of Minnesota 
 
USDA - United States Department of Agriculture 
 
USGS - United States Geological Survey 

 



 

SEH is a registered trademark of Short Elliott Hendrickson Inc. 
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Amendment to the Wellhead Protection Plan 
Part 1 
Delineation of WHPA, DWSMA, and Vulnerability Assessments 

Prepared for the City of Cambridge 

1 Introduction 
 

Short Elliott Hendrickson, Inc. (SEH) amended Part I of the wellhead protection plan (WHP Plan) 
at the request of the City of Cambridge (PWSID 1300002).  The work was performed in 
accordance with the Minnesota Wellhead Protection Rule, parts 4720.5100 to 4720.5590. The 
original WHP Plan was first developed for the City in 2006. The Minnesota Department of Health 
(MDH) requires that wellhead protection plans be reviewed and amended to reflect current 
conditions every ten years.  

This report presents delineations of the wellhead protection area (WHPA) and drinking water 
supply management area (DWSMA), and the vulnerability assessments for the public water 
supply wells and DWSMA.  Figure 1 shows the boundaries for the WHPA and the DWSMA.  
Wellhead protection areas are not delineated for emergency backup wells. The WHPA is defined 
by a 10-year time of travel.  Figure 1 also shows the emergency response area (ERA), which is 
defined by a 1-year time of travel.  Definitions of rule-specific terms that are used are provided in 
the “Glossary of Terms.” 
 
This report also documents the technical information that was required to prepare this portion of 
the WHP plan in accordance with the Minnesota Wellhead Protection Rule. 
 
The wells included in the WHP plan are listed in Table 1.  
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Table 1 – Water Supply Well Information for the City of Cambridge 

Local 
Well ID 

Unique 
Number 

Use / Status 
Case 

Diameter 
(inches) 

Case 
Depth 
(feet) 

Well 
Depth 
(feet) 

Date 
Constructed / 
Reconstructed 

Aquifer 
Well 

Vulner-
ability 

1 217867 Emergency 20 151 369 1958 
MTPL - 
Multiple 

Vulnerable 

4 462851 Emergency 14 260 536 1990 
CMSH - 

Mt.Simon
-Hinckley 

Not 
Vulnerable 

5 680652 Emergency 16 277 337 2004 
CMTS - 

Mt.Simon 
Vulnerable 

6 731532 Primary 24 x 18 300 410 2005 
CMTS - 

Mt.Simon 
Not 

Vulnerable 

7 735018 Primary 24 x 18 313 422 2006 

CMFL - 
Mt.Simon
-Fond du 

Lac 

Not 
Vulnerable 

8 795532 Primary 24 x 18 307 427 2013 

CMFL - 
Mt.Simon
-Fond du 

Lac 

Not 
Vulnerable 

2 Assessment of the Data Elements 
MDH staff met with representatives of the City and SEH on March 10, 2015, for a scoping 
meeting that identified the data elements required to prepare Part I of the WHP plan.  A copy of 
the Scoping Decision Notice is provided in Appendix A. Table 2 presents the assessment of 
these data elements relative to the present and future implications of planning items that are 
specified in Minnesota Rules, part 4720.5210. 
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Table 2 – Assessment of Data Elements 

Data Element 

Present and Future 
Implications 

Data Source 

U
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W
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L
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G
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e

r 
U
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 in

 
D

W
SM

A

Precipitation      
Geology 
Maps and geologic 
descriptions M H H H MGS, DNR, USGS 

Subsurface data M H H H MGS, MDH, MWI, DNR 
Borehole geophysics M H H H MGS 
Surface geophysics L L L L Not Available 
Maps and soil descriptions  

Eroding lands      

Water Resources 
Watershed units      

List of public waters      

Shoreland classifications      

Wetlands map      

Floodplain map      

Land Use 
Parcel boundaries map L H L L Isanti County 
Political boundaries map L L L L MnGEO, Isanti County 
Public Land Survey map L H L L MnGEO 
Land use map and inventory      
Comprehensive land use map      
Zoning map      
Public Utility Services 
Transportation routes and 
corridors L H L L MnDOT, MnGEO 

Storm/sanitary sewers and 
PWS system map      

Oil and gas pipelines map      

Public drainage systems map 
or list      

Records of well construction, 
maintenance, and use H H H H City, MWI, MDH 

Surface Water Quantity 
Stream flow data      

Ordinary high water mark 
data      

Permitted withdrawals      

Protected levels/flows      

Water use conflicts       
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Data Element 

Present and Future 
Implications 

Data Source 
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Groundwater Quantity 
Permitted withdrawals H H H H City, DNR 
Groundwater use conflicts  L L L L DNR 
Water levels H H H H MWI, DNR, MDH, City 
Surface Water Quality 
Stream and lake water quality 
management classification      

Monitoring data summary      
Groundwater Quality 
Monitoring data H H H H MDH, DNR 
Isotopic data H H H H MDH, DNR 
Tracer studies L L L L Not Available 
Contamination site data M M M M Not Available 
Property audit data from 
contamination sites      

MPCA and MDA 
spills/release reports M L M M MPCA, MDA, City 

Definitions Used for Assessing Data Elements:   

High (H) -  the data element has a direct impact  

Moderate (M) -  the data element has an indirect or marginal impact 

Low (L) -  the data element has little if any impact 

Shaded -  the data element was not required by MDH for preparing the WHP Plan 

 

 

3 General Descriptions 
3.1 Description of the Water Supply System 

The city of City of Cambridge obtains its drinking water supply from three primary wells.  Table 1 
summarizes information regarding primary and emergency wells. 

3.2 Description of the Hydrogeologic Setting 
The hydrogeologic setting for the Mt. Simon-Fond du Lac aquifer is described in the 2006 Part 1 
Wellhead Protection Plan Part 1 report by Short Elliot Hendrickson Inc. (SEH), 2006. The 
description of this hydrogeologic setting at the City wells is presented in Table 3.  Two cross-
sections were developed to illustrate geologic and well conditions and provided in Figure 3 and 
Figure 4. 
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Table 3 – Description of the Hydrogeologic Setting at the Public Water Supply Wells 

Aquifer Attribute Descriptor Data Source 

Mt. 
Simon-
Fond 

du Lac 
(CMFL) 

Aquifer Material Sandstone 
Well 6 (731532), 7 (735018), and 8 
(795532) well logs. 

Primary Porosity 0.2 
Estimated and porosity values used 
in the Metro Model 3 

Aquifer Thickness 152 - 167 feet Well 6, 7, and 8 well logs. 

Stratigraphic Top 
Elevation 

699 - 705 feet MSL Well 6, 7, and 8 well logs. 

Stratigraphic 
Bottom Elevation 

551 - 536 feet MSL Well 6, 7, and 8 well logs. 

Hydraulic 
Confinement 

Confined Well 6, 7, and 8 well logs. 

Transmissivity (T) 

 

Range (CMFL): 
(3,423 – 9,672 ft2/day)  

The transmissivity of the CMFL 
aquifer was estimated from an 
analysis of pumping tests performed 
on Wells 5 (680652), 6 (731532), 
and 7 (735018) in 2006 and Well 8 in 
2013 as presented in Appendix B. 

Hydraulic 
Conductivity (K) 

Reference 
Value/Range (CMFL): 

43.5 ft/day  
(25.1 – 78.7 ft/day) 

The aquifer test plan was approved 
via email on April 8, 2017, and 
included as Appendix B. The 
reference value for the hydraulic 
conductivity of the CMFL aquifer was 
estimated from a re-analysis of 
pumping tests performed on Wells 5, 
6, and 7 in 2006 and Well 8 in 2013. 
The reference value is the geometric 
mean of the tests completed. 

Groundwater Flow 
Field 

Flow to the south-
southeast.  

Hydraulic Gradient: 6.8 
x 10-4 ft/ft 

MWI data and groundwater model 
results. 
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4 Delineation of the Wellhead Protection Area 
4.1 Delineation Criteria 

The boundaries of the WHPA for the City of Cambridge are shown in Figure 1.  Table 4 
describes how the delineation criteria that are specified under Minnesota Rules, part 4720.5510, 
were addressed. 

Table 4 – Description of the WHPA Delineation Criteria 

Criterion Descriptor How the Criterion was Addressed 

Flow Boundary 
Other High-Capacity 

Wells (Table 6) 

Pumping amounts for wells within 2 miles of 
the City’s wells (Table 6) were updated to the 
averaged 2005 - 2015 pumped volumes. The 
pumping rates for the other high-capacity 
wells from the Metro Model and within the 
model domain were unchanged. Details on 
the groundwater flow boundaries used for 
modeling are presented in Metropolitan 
Council (2014). 

Daily Volume of 
Water Pumped 

See Table 5 

Pumping information was obtained from the 
Minnesota Department of Natural Resources 
Appropriations Permit 1966-0149.  The 
annual pumped volumes were converted to a 
daily volume pumped by a well. 

Groundwater Flow 
Field 

See Figure 2 
The model calibration process addressed the 
relationship between the calculated versus 
observed groundwater flow field. 

Aquifer 
Transmissivity 

Reference Value/Range 
(CMFL): 

5,885 ft2/day 
3,423 – 9,672 ft2/day 

The aquifer test plan was approved via email 
on April 8, 2017, and included as Appendix 
B. The transmissivity of the CMFL aquifer 
was estimated from an analysis of pumping 
tests performed on Wells 5 (680652), 6 
(731532), and 7 (735018) in 2006 and Well 8 
in 2013. The reference value shown is the 
geometric mean of the tests completed. 

The reference value for the hydraulic 
conductivity of the aquifer was estimated from 
a re-analysis of pumping tests performed on 
Wells 5, 6, and 7 in 2006 and Well 8 in 2013. 
The reference value used in modeling is the 
geometric mean of the tests completed. 

Time of Travel 10 years 
The public water supplier selected a 10 year 
time of travel. 

Information provided by the City of Cambridge was used to identify the maximum volume of water 
pumped annually by each well over the previous five-year period, as shown in Table 5.  Recently, 
the City changed Well 1 from a primary well to an emergency well.  The City has indicated that 
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past pumping volumes for Well 1 will be equally apportioned among Wells 6, 7, and 8; therefore, 
the projected pumping rate for the primary wells is each well's 5-year average (2011-2016) 
pumping rate plus 1/3 of the 5-year average rate of Well 1. Previous pumping values have been 
reported to the DNR, as required by Groundwater Appropriation Permit 1966-0149. The 
maximum daily volume of discharge used as an input parameter in the model was calculated by 
dividing the greatest annual pumping volume by 365 days. 
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Table 5 – Annual Volume of Water Discharged from Water Supply Wells 

Well 
Nam

e 

Unique 
Number 

Total Annual Withdrawal (gal/year) 
 Permit Number:  1966-0149 

Maximum 
Withdrawal 
2012 - 2016 

(gallons/year) 

Projected 
2021 

Withdrawal 
(gallons/year)

WHPA 
Withdrawal 

Instantaneous 
Pumping Rate 

(m3/day) 
2012 2013 2014 2015 2016 

1 217867 33,519,400 31,733,517 40,824,000 42,849,254 11,534,572 42,849,254 0 0.0 

4 462851 0 0 0 0 0 0 0 0.0 

5 680652 23,855 6,464 0 0 16 23,855 0 0.0 

6 731532 196,292,286 162,253,433 84,200,285 64,842,295 36,254,548 196,292,286 119,465,952 2035.6 

7 735018 76,483,046 70,549,648 85,741,816 66,273,032 161,052,388 161,052,388 102,717,369 1670.1 

8 795532 0 7,110,184 72,829,654 93,800,810 63,840,608 93,800,810 58,213,634 972.7 

                    

Totals 306,318,587 271,653,246 283,595,755 267,765,391 272,682,132 280,396,955 4,678.4 

Bolding indicates greatest annual pumping volume  

 

 

 

 

 

 

 



 

AMENDMENT TO THE WELLHEAD PROTECTION PLAN PART 1  CAMBR 135080 
Page 9 

Table 6 – Other Permitted High-Capacity Wells within Two Miles 

Unique 
Number 

Well Name 
DNR 

Permit 
Number 

Aquifer Use 

Annual 
Volume of 

Water 
Pumped1, 2

10-Year 
Average 
Annual 

Volume of 
Water 

Pumped1 

10-Year 
Average 
Annual 

Volume of 
Water Pumped 

(m³/day) 

497376 
Opta Food 

Ingredients Inc 
1992-
3160 

CMTS 
Agricultural/Food 

Processing 
44.015 67.5 699.6 

686289 Cambridge, City of 
1966-
0149 

CMTS 
Municipal/Public 

Water Supply 
9.563 6.9 71.1 

217864 Vavra, Roger 
1962-
0513 

CIGLCMTS
Agricultural Crop 

Irrigation 
2.880 17.9 185.2 

727860 
Anoka Ramsey 

Community College 
Cambridge Campus 

2006-
0300 

CMTS 
Landscaping/Athletic 

Field Irrigation 
6.116 6.2 64.1 

  Pine Village LLC: 2 
1967-
0122 

  
Private Water 

Supply; Private 
Water Supply 

7.837 6.7 69.9 

456663 Pine Village LLC 
1967-
0122 

CMTS 
Private Water 

Supply 
0.311 2.4 25.1 

  
Cambridge, City Of: 

1 
2014-
2421 

  
Groundwater 
Dewatering 

0.000 0.2 2.2 

731143 Great River Energy 
2007-
0405 

CMTS 

Thermoelectric 
Power Cooling - 

Recirculating; Fire 
Protection Water 

Supply 

0.287 0.8 8.1 

  
1 = Expressed as millions of gallons. 
2 = Source year = 2015. 
Source: MN Dep't. of Natural Resources Division of Waters - MNDNR Permitting and Reporting System 
(MPARS) 

 

GIS Data Source: swp.mpars_ii_2015_table 
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4.2 Method Used to Delineate the Wellhead Protection Area 
4.2.1 Porous Media Delineations 

The porous media delineations of the WHPA for the City of Cambridge wells were determined 
using an existing regional MODFLOW model that was developed by Barr Engineering Company 
for the Metropolitan Council (Metro Council, 2009).  MODFLOW is a 3D, cell-centered, finite 
difference, saturated flow model developed by the U.S. Geological Survey (McDonald and 
Harbaugh, 1988; Harbaugh et al., 2000). 

The regional Metro Model consists of nine layers that represent the major aquifers and aquitards 
within the seven-county metropolitan area.  These layers represent, from top to bottom, the 
following units:  (1) surficial aquifer of glacial deposits; (2) St. Peter Sandstone or Quaternary 
Buried Artesian Aquifer; (3) Prairie du Chien Group; (4) Jordan Sandstone; (5) St. Lawrence 
Formation (aquitard); (6) Franconia Formation; (7) Ironton-Galesville Aquifer, (8) Eau Claire 
Formation (aquitard); and (9) Mt. Simon Sandstone.  The regional groundwater model was 
calibrated to steady-state water levels and river base flows. 

A local model limited to an approximately five-mile radius around the primary wells was extracted 
from the regional seven-county model using telescopic mesh refinement. Constant head 
boundaries around the limits of the model along with wells, rivers, lakes and infiltration, provided 
the model boundary conditions. 

The model grid was refined around the City of Cambridge wells.  Variable grid spacing was used, 
ranging from 2 meters near the City wells to 250 meters at the edge of the grid.  This refinement 
was required for an accurate computation of the particle flow paths and, therefore, the WHPA 
delineation. 

Prior to their use in the delineations, the following modifications were incorporated in the refined 
models: 

 Local areas of modified horizontal conductivity were included in the model to reflect the 
hydraulic conductivities in Table 3. 

 The pumping rates from Table 5 were assigned to the City wells. 

 The pumping rates from Table 6 were assigned to the permitted high-capacity wells 
located within two miles of the City wells. 

 The porosity value of the CMFL was adjusted to correct the velocity with respect to the 
change in transmissivity, as describe below. 

The MDH provided a spreadsheet that computes appropriate model input values for hydraulic 
conductivity (K) and porosity (n) that fit the conceptual model provided in the DAP-ATP. To 
account for the change in velocity (V, where V = Kh * i/n) due to the reduction of K by a ratio of 
2.53 compared to the original Metro Model calibrated values, the n value had to be equally 
reduced. This is necessary in order to maintain the MM3 calibrated velocity and therefore not 
affect travel time computations (which are based on velocity); as a result, the porosity was set to 
0.1 in the model rather than 0.2 as described in Table 3. 

The delineation was performed by backtracking particles from the wells to a 10-year time of travel 
using the particle tracking MODPATH code.  A series of 50 particles were launched at each well. 
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The resulting WHPA boundaries (Figure 1) are a composite of the 10-year capture zones 
calculated using this model for the base case parameters and the parameter values used in the 
sensitivity analysis, which are discussed in the following section.  The model input files are 
available in Appendix C. 

4.3 Results of Model Calibration and Sensitivity Analysis 
Model quality is commonly evaluated by three different measures: calibration, sensitivity, and 
uncertainty analyses. Model calibration is a procedure that compares the results of a model 
based on estimated input values to measured or “known” values. This procedure is used to 
define model validity over a range of input values. The result of calibration is an assessment of 
the general quality of the model and the confidence that may be placed in the model results. As a 
matter of practice, groundwater flow models usually are calibrated using groundwater elevation 
and flow (if available).  

Sensitivity analysis quantifies the differences in model results produced by the natural variability 
of a particular parameter. Uncertainty analysis addresses the effects of poor data quality (lack of 
local detailed information or deficiencies in the data) on the model results. Together, sensitivity 
and uncertainty analyses are commonly used to evaluate the effects that natural variability and 
uncertainties in the hydrogeologic data have on the size and shape of the capture zones. In 
regards to the WHPA delineation, these analyses are used to document that the delineation is 
optimal, conservative, and protective of public health based on existing information.  

4.3.1 Calibration 
Model calibration is a procedure that compares the results of a model based on estimated input 
values to measured or known values. This procedure can be used to define model validity over a 
range of input values, or it helps determine the level of confidence with which model results may 
be used. As a matter of practice, groundwater flow models are usually calibrated using water 
elevation or flux.  

The regional Metro Model was calibrated to the MWI database water level targets and stream 
flow targets developed by the Metropolitan Council (2009).  The calibration of the regional model 
was performed applying an automated calibration procedure using PEST, a parameter estimation 
code that automatically adjusts the recharge rates and hydraulic conductivity values and 
compares modeled piezometric heads against measured values at observation well locations 
until a satisfactory fit is obtained.  

The calibrated regional Metro Model provided the boundary conditions at the constant head cells 
at the boundaries of the refined sub-model. After construction, the refined MODFLOW model 
calibration was verified by comparing modeled head results to the static water elevations for the 
observation wells used in the Metro Model that were within the local model domain. The scaled 
root mean square (RMS) error of the difference between simulated and measured hydraulic 
heads was 11.5 percent across the model domain and across the nine model layers. 
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4.3.2 Sensitivity Analysis 
Sensitivity is the amount of change in model results caused by the variation of a particular input 
parameter. Because of the relative simplicity of the model, the direction and extent of the 
modeled capture zone may be very sensitive to any of the input parameters:  

The pumping rate directly affects the volume of the aquifer that contributes water to the well. An 
increase in pumping rate leads to an equivalent increase in the volume of aquifer and an 
expanded capture zone, proportional to the porosity of the aquifer materials.  

Results - The pumping rate defined by WHP rule requirements is the highest rate that 
can be expected under normal water demand; therefore, with respect to the delineation 
of the WHPA, the sensitivity of the capture zone to variations in the pumping rate is 
minimized.  

The direction of groundwater flow determines the orientation of the capture zone. Variations in 
the direction of groundwater flow will not affect the size of the capture zone but are important for 
defining the areas that are contributing water to the well.  

Results - The ambient groundwater flow field that is defined in Figure 2 provides the 
basis for determining the extent to which each model run reflects the conceptual 
understanding of the orientation of the capture area for a well. The regional model has 
been calibrated to hydraulic heads, and the local refined model calibration was verified. 
The sensitivity of the WHPA to the direction of groundwater flow should not be significant, 
given the current knowledge of hydraulic head distribution in the aquifer. 

The hydraulic gradient (along with aquifer transmissivity) determines the rate at which water 
moves through the aquifer materials. 

Results - The regional model has been calibrated to hydraulic heads. The local refined 
model calibration was verified. The sensitivity of the WHPA to the hydraulic gradient 
should not be significant, given the current knowledge of hydraulic head distribution in the 
aquifer. 

The horizontal hydraulic conductivity influences the size and shape of the capture zone. In the 
base-case scenario, the hydraulic conductivity of the Mt. Simon-Fond du Lac aquifer was 
estimated from pumping tests in municipal wells 5, 6, 7, and 8. This value was used in the 
groundwater model to delineate the 10-year time-of-travel capture zone. Several runs were 
performed for the range of hydraulic conductivity values that were derived as described in the 
DAP-ATP (Appendix B). The range of hydraulic conductivity values considered in the sensitivity 
analysis runs is given in Table 3. 

Results - A change in the hydraulic conductivity of the Mt. Simon-Fond du Lac aquifer 
slightly shifts the location of the capture zone (Figure 5). An increase in hydraulic 
conductivity slightly extends the length of the capture zone and a decrease in hydraulic 
conductivity slightly reduces the length of the capture zone.  

The aquifer thickness and porosity influence the size and shape of the capture zone.  

Results - Decreasing either thickness or porosity causes a linear, proportional increase 
in the areal extent of the capture zone. 
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4.4 Addressing Model Uncertainty 
Using computer models to simulate groundwater flow necessarily involves representing a 
complicated natural system in a simplified manner.  Local geologic conditions may vary within the 
capture area of the City of Cambridge wells, but existing information is not sufficiently detailed to 
define this degree of variability.  In addition, the available groundwater flow modeling techniques 
may not represent the natural flow system exactly, but the results are valid within a range defined 
by the reasonable variation of input parameters.  

Traditional numerical groundwater models were used to delineate the capture zone for the 
porous media aquifer that contributes water to the public water supply well.  The steps employed 
for this delineation to address model uncertainty were:   

 Pumping Rate - For each well, a maximum historical (five-year) pumping rate or an 
engineering estimate of future pumping, whichever is greater is applied (Minnesota 
Rules, part 4720.5510, subpart 4). 

 Hydraulic conductivity – The WHPA for the City of Cambridge consists of a composite of 
the porous media aquifer delineations for a range of hydraulic conductivity values to 
address variability in aquifer composition. 

Capture areas were developed for a range of aquifer permeabilities and a time of travel of 
10 years (Figure 5).  As the model code uses constant input values for each run, several runs 
were required to include all variations in input parameters.  The WHPA for the City of Cambridge 
consists of a composite of the porous media aquifer delineations for the different input 
parameters used in the sensitivity analysis. This provides a conservative approach to addressing 
model uncertainty and produces a WHPA that will likely be most protective of public health. 

5 Delineation of the Drinking Water Supply 
Management Area 
The boundaries of the DWSMA were defined by the public water supplier using the following 
features (Figure 1):  

 Property or fence lines, 

 Road centerlines. 

The DWSMA (Figure 1) is located within the City of Cambridge and the Township of Cambridge. 
A GIS shapefile of the DWSMA is provided in Appendix C. 

6 Vulnerability Assessments 
The Part I wellhead protection plan includes the vulnerability assessments for the public water 
supply wells and DWSMA. These vulnerability assessments are used to help define potential 
contamination sources within the DWSMA and to select appropriate measures for reducing the 
risk that they present to the public water supply. 
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6.1 Assessment of Well Vulnerability 
The MDH has developed a database of community and non-community, non-transient public 
water supply wells in Minnesota that stores information pertinent to well vulnerability and rates 
the vulnerability of individual wells. A score is calculated for each well based on factors such as 
well construction, geology at the well site, and chemical data. A higher score correlates to a 
greater perceived vulnerability. A numeric cutoff is used to identify vulnerable from non-
vulnerable wells (MDH, 1997). Vulnerable wells are also identified based on the presence of 
contamination, such as nitrate-nitrogen in excess of 10 mg/l, or young (post-1953) water, as 
indicated by the presence of 1 tritium unit or greater in the well water. 

The vulnerability assessment for each well used by the City of Cambridge is listed in Table 2. 
The well vulnerability scoring sheets, which include well-specific information such as aquifer 
setting, well construction, and water quality (including results from tritium and nitrate analysis) are 
available from the MDH. The vulnerability scoring sheets rate all of the City of Cambridge primary 
wells as Not Vulnerable. This assessment is based upon the following conditions: 

1. Well construction meets current State Well Code specifications (Minnesota Rules, part 4725) 
and the well itself does not provide a pathway for contaminants to enter the aquifer used by 
the public water supplier;  

2. The geologic conditions at the well site include a cover of clay- and shale-rich geologic 
materials over the aquifer that is sufficient to retard or prevent the vertical movement of 
contaminants; and 

3. None of the human-caused contaminants regulated under the federal Safe Drinking Water 
Act have been detected at levels indicating that the wells serve to draw contaminants into the 
aquifer as a result of pumping. 

4. Water samples were collected from Well 6 in September 2012 and analyzed for tritium. No 
tritium was found in the sample. 

6.2 Assessment of the Drinking Water Supply Management Area 
Vulnerability 
The vulnerability of the DWSMA is moderate and is based upon the following information: 

1. Isotopic and water chemistry data: Well 5 (680652) and Well 6 (731532) were analyzed for 
tritium in 2006. Well 5, an emergency backup well, had tritium at 14 TU and Well 6 had <0.8 
TU. Wells 5, 6, and 7 (735018) were analyzed for nitrate which was not detected in any of the 
wells.  

2. Review of the geologic logs contained in the MWI database and geological maps and reports 
indicate that the aquifer exhibits a low geologic sensitivity throughout the DWSMA.  The 
L-scores from wells within or close to the DWSMA were provided by the MDH and reviewed. 
L-scores are based on the thickness of low-permeability units (for example, clay or shale) at 
the well location (MnDNR, 1991). In the vicinity of the Cambridge DWSMA, L-scores vary 
from 4 to 7 that 40 feet to 70 feet of low-permeability material  overlies the Mt. Simon-Fond 
du Lac Aquifer (Figure 6). Approximately 40 feet of shale as the Eau Claire Formation 
overlies the aquifer in the vicinity of the public water supply wells (Figure 3 and Figure 4) 
which acts as a bedrock confining unit over the Mt. Simon-Fond du Lac Aquifer. The Mt. 
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Simon-Fond du Lac Aquifer near the City of Cambridge is, therefore, isolated from the direct 
vertical recharge of surface water. 

Tritium detection is indicative of vulnerability and therefore increases the vulnerability of the 
setting. Cross-sections indicate the aquifer has good protection from contaminants due to the 
presence of 40 feet of Eau Claire Formation aquitard. However, other wells penetrating the Eau 
Claire could act as a pathway for human-derived contaminants to reach the Mt. Simon that would 
otherwise be protected by the overlying geology. 

7 Recommendations 
The following plan implementation action item recommendations have been made for the City of 
Cambridge to consider. The recommendations are referenced to the plan implementation 
category under which it can be incorporated and will be further evaluated during the preparation 
of the Part II WHP Plan Update. 

Plan Implementation Category – Data Collection 
Work with MDH hydrologist to collect tritium samples from Well 7 (735018) and Well 8 
(795532) which do not have tritium data by year seven of plan implementation. Tritium is 
one of the water quality parameters used for well vulnerability assessments. Pumping 
from Wells 6, 7, and 8 will be greater than historic levels due to Well 1 (217867) having 
been changed to an emergency backup well and its pumping volume apportioned among 
the remaining wells. 

Plan Implementation Category – Data Collection 
The City should evaluate sealing emergency backup wells Well 1 (217867) and Well 5 
(680652). Work with MDH hydrologist to collect tritium and contaminant (e.g., nitrate) 
samples from the wells by year three of plan implementation. Both wells have had tritium 
detected and Well 1 has also had nitrate detected. The samples results, along with a 
down-hole video log will help evaluate the integrity of the wells; if the wells have an 
integrity issue, they may act as a conduit for potential contaminants into the Mt. Simon 
aquifer. 
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9 Standard of Care 
The interpretations presented in this report are based on local data collected during this study 
and previous studies, such as current and historical pumping tests and regional data collected 
from governmental agencies. Data collected and analyzed by others and used in this report may 
not be precise or accurate. This Plan does not account for any variations that may occur between 
points of exploration; geologic and hydrogeologic conditions likely differ across the study area. 
Also, it must be noted that seasonal and cyclical fluctuations in the hydrogeologic characteristics 
and properties of the aquifers will occur. 

The scope of this report and the corresponding groundwater flow model and calculations is 
limited to the delineation of capture zones for the City of Cambridge municipal wells. Use of the 
groundwater flow model by other parties or for other purposes is not advised. Use or modification 
of the model for purposes other than the delineation of capture zones must be done with caution 
and a full understanding of the inherent assumptions and limitations of the data. 

This Plan represents our understanding of the significant aspects of the local geologic and 
hydrogeologic conditions; the conclusions are based on our hydrogeologic and engineering 
judgment, understanding and perspective, and represent our professional opinions. These 
opinions were arrived at in accordance with the currently accepted standard of care for geologic 
and engineering practices at this time and location. No warranty is implied or intended. 
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Figures 
Figure 1 – Wellhead Protection and Drinking Water Supply Management Area 

Figure 2 – Modeled Groundwater Flow Field 
Figure 3 – Geologic Cross-section A—A’ 
Figure 4 – Geologic Cross-section B—B’ 

Figure 5 – Porous Media Capture Zone Delineation 
Figure 6 – DWSMA Vulnerability 
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Appendix B 
DAP-ATP 

 





Environmental Health Division 
Drinking Water Protection Section 
Source Water Protection Unit 
P.O. Box 64975 
St. Paul, Minnesota 55164-0975 

Determination of Aquifer Properties and 
Aquifer Test Plan (DAP-ATP) Form 

Public Water Supply ID: PWS Name:

Contact Information for Person Completing this Form 

Name: 

Address: 

City, State, Zip: 

Phone, Fax, e-mail: 

Aquifer Properties Determination Methods 

1) An existing pumping test that meets the requirements of wellhead protection rule part 4720.5520
and that was previously conducted on a well connected to the public water supply system.

2) An existing pumping test that meets the requirements of wellhead protection rule part 4720.5520
and that was previously conducted on another well in a hydrogeologic setting determined by the
department to be equivalent.

3) A proposed new test to be conducted on a new or existing well connected to the public water
supply system and that meets the requirements for larger-sized water systems (wellhead
protection rule part 4720.5520).  A test plan must be approved before conducting the test.

4) A proposed new test to be conducted on a new or existing public well connected to the public
water supply system and that meets the requirements for smaller-sized water systems (wellhead
protection rule part 4720.5530).  A test plan must be approved before conducting the test.

5) An existing pumping test that does not meet the requirements of wellhead protection rule
part 4720.5520 and that was previously conducted on: 1) a public water supply well or 2)
another well in a hydrogeologic setting determined by the department to be equivalent.

6) Existing specific capacity test(s) conducted on the public water supply well(s) or specific
capacity tests conducted on other wells in a hydrogeologic setting determined by the department
to be equivalent.

7) An existing published transmissivity value.

 Include all test data and analysis documentation with the estimated transmissivity, ft2/day,
when the aquifer properties determination method is; 1, 2, 5, 6, or 7, listed above.

Attach detailed aquifer test plan for methods 3 or 4. 

Submitted by: Prof. License: Date: 

To request this document in another format, please call our Section Receptionist (651/201-4700) or Division TTY (651/201-5797).  

HE-01555-01 (10/06) 
IC #140-0606 



List the unique number of each public water supply well to which this DAP-ATP Form applies 

Reviewed by: Approved:  Yes No Approval Date: 

Rationale for: 1) Aquifer Properties Determination or 2) Proposed New Test 

Briefly describe the rationale for: 1) selected method to determine aquifer properties from existing data, or 2) a new aquifer test to 
be conducted on the pumped well referenced below. Include unique well numbers of all wells that were (or will be) monitored 
during data collection. How does the existing or proposed test deviate from the ideal. (e.g. rate, duration, no. of obwells, 
interfering wells, etc.) Attach documentation as necessary. 

 Aquifer Name: Confined    Unconfined  Fractured Rock

Proposed New Test Information Summary 

Pumped Well 
Name (Unique Number): 

Test Duration 
(Hours): 

Location: 
X, Y (meters) UTM-Z15N 

or Lat-Lon (decimal degrees) 
datum: NAD83 

Pump Type: 

Discharge Rate: 

Number of 
Observation Wells: 

Flow Rate Measuring 
Device Type: 

 A map showing the location of the pumping well and observation well(s) must be included.

To determine aquifer properties from existing data, pumping test data from a 24-hour pump test conducted on May 28-29, 2013, 
following construction of system's newest well (Well 8, Unique Number 795532), was analyzed and data from the January 2006 
pump test was re-evaluated. The 2013 pumping test covers a 24-hour time period plus recovery, includes data for the pumping well 
and a monitoring well, and the pumping rate was equal to the well's maximum capacity (1000 gpm). In addition, data was recorded 
using pressure transducers and flow rate was measured with a flow meter. An observation well (Unique No. 792109) was also 
constructed and monitored. Well construction records and map of well locations utilized in the 2013 pumping test are provided in 
Attachment 1 and water level measurements and AQTESOLV files are provided digitally. 
The 2013 data were analyzed in 2016 using a number of methods to test method assumptions and an aquifer thickness of 167 ft that 
was obtained from the Well 8 construction log. The pumping well and monitoring well data were analyzed collectively and 
individually and partial penetration of the wells in the aquifer was accounted for in the analyses. Water level fluctuations due to 
well interference are typical of the wellfield; such fluctuations were noted in the later part of the test and didn't influence the 
analysis of the early data. Results are provided in Attachment 2. The geometric mean transmissivity for the multiple analyses of the 
2013 data is 5105.1 ft²/day with a geometric mean hydraulic conductivity (k) of 40.70 ft/day. The low calculated storage 
coefficients on all tests are typical of confined aquifers. These values represent a fair potential for capacity with a moderate to high 
hydraulic conductivity.
The previous analysis of the January 2006 data (Attachment 3) assumed an aquifer thickness of 300 feet. For this analysis, aquifer 
thickness was changed to 150 feet, as evidenced by well construction records, and k recalculated from the transmissivity. 
Attachment 4 shows the updated values. The geometric mean transmissivity for the 2006 data was found to be 7,155 ft²/day, 
resulting in a k value of 47.7 ft/day.

The geometric mean of all k values calculated as part of this determination of aquifer properties is 43.5 ft/day, which is proposed to 
be the representative kh for the aquifer for WHPA and DWSMA delineation. The range of values that will be used in the 
uncertainty/sensitivity analysis are 25.1 ft/day to 78.7 ft/day, the minimum to maximum k determined during this analysis of 
existing data.  This range of values is consistent with published values of the Mt. Simon – Hinckley aquifer.



Attachment 1 

Well Construction Reports and Well Locations for Cambridge 2013 Pump Test 
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Attachment 2 

2013 Pump Test Results for Cambridge Well 8 (795532) 



Pump Test Analysis Summary for Cambridge Well 8 (795532)

Data Source Method T (ft²/d) k (ft/d) b (ft) S

Confined: Papadopulos‐Cooper 4805.9 28.78 167 7.58E‐10

Confined: Cooper‐Jacob 4598.8 27.54 167 1.69E‐10

Confined: Theis 4805.9 28.78 167 2.47E‐09

Well 8

Recovery Data Theis (Recovery) 4187.9 25.08 167 —

MW 

Recovery Data Theis (Recovery) 3422.8 45.04 76 —

Papadopulos‐Cooper 6574.3 39.37 167 7.79E‐16

Cooper‐Jacob 5090.2 30.48 167 2.53E‐12

Theis 6740 40.36 167 3.79E‐15

Papadopulos‐Cooper 5984 78.74 76 8.37E‐11

Cooper‐Jacob 5585.8 73.50 76 1.28E‐10

Theis 5347.4 70.36 76 9.47E‐09

Min 3422.8 25.08 76 7.788E‐16

Mean 5194.8 44.36 — 1.453E‐09

Max 6740.0 78.74 167 9.473E‐09

Standard Deviation 949.3 19.26 — 2.933E‐09

Geometric Mean 5105.1 40.70 — 1.838E‐11

Test Date: May 28‐29, 2013

                  

Well 8 and MW

Pumping and

Recovery Data

Well 8 Pumping

and Recovery

Data

MW Pumping

and Recovery

Data
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WELL TEST ANALYSIS

Data Set:  C:\Users\jmacholl\Desktop\CambridgeModel\Data\AQTESOLV\CAMBR2013_Well8_P-C.aqt
Date:  04/01/16 Time:  11:44:52

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Papadopulos-Cooper

T  = 6574.3 ft2/day S  = 7.788E-16
r(w) = 0.9375 ft r(c)  = 1.5 ft
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WELL TEST ANALYSIS

Data Set:  C:\Users\jmacholl\Desktop\CambridgeModel\Data\AQTESOLV\CAMBR2013_Well8_C-J.aqt
Date:  04/01/16 Time:  11:43:29

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 5090.2 ft2/day S = 2.534E-12
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WELL TEST ANALYSIS

Data Set:  C:\...\CAMBR2013_Well8_Theis.aqt
Date:  04/01/16 Time:  10:25:02

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 6740. ft2/day S  = 3.794E-15
Kz/Kr = 0.1 b  = 167. ft
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WELL TEST ANALYSIS

Data Set:  C:\...\CAMBR2013_Well8_Theis-Recovery.aqt
Date:  04/01/16 Time:  10:11:46

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 4187.9 ft2/day S/S' = 2.196
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WELL TEST ANALYSIS

Data Set:  C:\Users\jmacholl\Desktop\CambridgeModel\Data\AQTESOLV\CAMBR2013_MW_P-C.aqt
Date:  04/01/16 Time:  10:58:55

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

MW 792109 471048.551 202751.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Papadopulos-Cooper

T  = 5948. ft2/day S  = 8.369E-11
r(w) = 0.9375 ft r(c)  = 1.5 ft
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WELL TEST ANALYSIS

Data Set:  C:\Users\jmacholl\Desktop\CambridgeModel\Data\AQTESOLV\CAMBR2013_MW_C-J.aqt
Date:  04/01/16 Time:  11:05:08

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

MW 792109 471048.551 202751.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 5585.8 ft2/day S = 1.277E-10
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WELL TEST ANALYSIS

Data Set:  C:\Users\jmacholl\Desktop\CambridgeModel\Data\AQTESOLV\CAMBR2013_MW_Theis.aqt
Date:  04/01/16 Time:  10:52:12

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068
MW 792109 471048.551 202751.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 5347.4 ft2/day S  = 9.473E-9
Kz/Kr = 0.1 b  = 167. ft
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WELL TEST ANALYSIS

Data Set:  C:\...\CAMBR2013_MW_Theis-Recovery.aqt
Date:  04/01/16 Time:  10:55:46

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

MW 792109 471048.551 202751.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 3422.8 ft2/day S/S' = 2.139
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WELL TEST ANALYSIS

Data Set:  C:\...\CAMBR2013_Well8andMW_P-C.aqt
Date:  04/01/16 Time:  10:32:03

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068
MW 792109 470712.866 202929.463

SOLUTION

Aquifer Model:  Confined Solution Method:  Papadopulos-Cooper

T  = 5782.4 ft2/day S  = 3.108E-13
r(w) = 0.9375 ft r(c)  = 1.5 ft
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WELL TEST ANALYSIS

Data Set:  C:\...\CAMBR2013_Well8andMW_C-J.aqt
Date:  04/01/16 Time:  10:41:35

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

AQUIFER DATA

Saturated Thickness:  167. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068
MW 792109 471048.551 202751.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 4598.8 ft2/day S = 1.691E-10
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WELL TEST ANALYSIS

Data Set:  C:\...\CAMBR2013_Well8andMW_Theis.aqt
Date:  04/01/16 Time:  10:39:55

PROJECT INFORMATION

Company:  SEH
Client:  CAMBR
Project:  135080
Location:  Cambridge, MN
Test Well:  No 8 795532
Test Date:  3/17/2015

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 8 471048.551 202731.068

Observation Wells
Well Name X (ft) Y (ft)

Well 8 471048.551 202731.068
MW 792109 471048.551 202751.068

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 4805.9 ft2/day S  = 2.465E-9
Kz/Kr = 0.1 b  = 167. ft



Attachment 3 

2006 Pump Test Results for Cambridge Well 7 (735018) 











Attachment 4 

Analysis of Existing Pumping Test Data 



Data Source Analysis Solution Transmissivity
(ft²/dav)

Storativity Value Permeability*
(ft/dav)

Permeability** 
(ft/dav)

Wells 5, 6, 7 Pumping and 
Recovery Data

Confined: Papadopulos- Cooper (1967)
6,172 0.000186 20.6 41.1

Confined: Theis (1935) 6,982 0.000165 23.3 46.5
Confined: Papadopulos-

Cooper (1967)
6,597 0.000159 22.0 44.0

Confined: Theis ( 1935) 9,456 0.000323 31.5 63.0
Confined: Papadopulos-

Cooper (1967)
9,672 0.000249 32.2 64.5

Confined: Theis (1935) 6,896 0.000101 23.0 46.0
Confined: Papadopulos-

Cooper (1967)
7,448 5.62 X  10·5 24.8 49.7

Well 7 Pumping
and Recovery Data

Confined: Papadopulos- Cooper ( 1967) 5,141 2.68 X  10·7 17.1 34.3

7,296 0.000155 24 49
7,155 0.0000703 23.8 47.7Geometric Mean

Re-evaluation of 2006 Aquifer Pumping Test Results

* Original Calculation - assumes b = 300'
* Updated Calculation - assumes b = 150'

Wells 5 and 6
Pumping and Recovery  Data

Well 5 Pumping
and Recovery Data

Well 6 Pumping
and Recovery Data

Arithmetic Mean



Data Source
Pump Test

Date Method T (ft²/d) k (ft/d)

Confined: Papadopulos-Cooper 4,806 28.8
Confined: Cooper-Jacob 4,599 27.5
Confined: Theis 4,806 28.8

Well 8
Recovery Data

2013
Confined: Theis (Recovery)

4,188 25.1

MW 
Recovery Data

2013
Confined: Theis (Recovery)

3,423 45.0

Confined: Papadopulos-Cooper 6,574 39.4
Confined: Cooper-Jacob 5,090 30.5
Confined: Theis 6,740 40.4
Papadopulos-Cooper 5,984 78.7
Cooper-Jacob 5,586 73.5
Theis 5,347 70.4

Wells 5, 6, 7 
Pumping and 
Recovery Data

2006
Confined: Papadopulos- Cooper (1967)

6,172 41.1

Confined: Theis (1935) 6,982 46.5
Confined: Papadopulos-Cooper (1967)

6,597 44.0

Confined: Theis ( 1935) 9,456 63.0
Confined: Papadopulos- Cooper (1967) 9,672 64.5
Confined: Theis (1935) 6,896 46.0
Confined: Papadopulos- Cooper (1967) 7,448 49.7

Well 7 Pumping
and Recovery Data

2006
Confined: Papadopulos- Cooper ( 1967)

5,141 34.3

Minimum 3,423 25.1
Maximum 9,672 78.7
Mean 6,079 46.2
Standard Deviation 1,622 16.5
Geometric Mean 5,885 43.5

MW Pumping
and Recovery

Data
2013

Existing Pumping Test Analysis Results

Wells 5 and 6
Pumping and 
Recovery  Data

Well 5 Pumping
and Recovery Data

Well 6 Pumping
and Recovery Data

2006

2006

2006

Well 8 and MW
Pumping and

Recovery Data

Well 8 Pumping
and Recovery

Data

2013

2013





 

 

Appendix C 
Model Files and GIS Shapefiles (Electronic Submittal) 

 





 

Sustainable buildings, sound infrastructure, safe transportation systems, clean water,  

renewable energy and a balanced environment. Building a Better World for All of Us communicates  

a companywide commitment to act in the best interests of our clients and the world around us. 

We’re confident in our ability to balance these requirements. 
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