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1.0 INTRODUCTION 

The City of Redwood Falls has a population of over 5,200 and is the seat of Redwood County. 

Redwood Falls is located approximately 110 miles west of the Twin Cities metropolitan area and 

serves as a sub-regional economic hub for the surrounding 17,000 residents in Redwood and 

Renville Counties. The City has a growing and diverse economic base comprised of tourism and 

entertainment, light and heavy industry and high-tech computer component manufacturing in 

addition to its retail and agricultural roots.  

 

An important component in maintaining this growth will be the availability of a high quality 

municipal water supply. As part of this work, the City of Redwood Falls is preparing a Wellhead 

Protection Plan to assist in preventing potential contaminants from entering the City’s water 

supply at the source. Wellhead protection planning makes sense from a public health standpoint 

because it is intended to minimize exposure to potentially harmful contaminants and also from an 

economic standpoint as water supply contamination can be very costly to investigate, monitor 

and correct. 

 

Under the provisions of the 1986 and 1996 amendments to the Safe Drinking Water Act 

(SDWA), administered by the United States Environmental Protection Agency (EPA), states are 

required to develop wellhead protection programs for public water supplies. The 1986 Minnesota 

Groundwater Protection Act authorizes the Department of Health (MDH) to develop 

Minnesota’s well head protection program which it administers through Minnesota Rules, 

Chapter 4720.5100 to 4720.5580. 

 

Minnesota’s wellhead protection program requires public water suppliers to identify the area that 

contributes water to a public supply well, or well field, within a certain period of time. This is 

known as the wellhead protection area (WHPA) delineation which is in turn used to establish the 

drinking water supply management area (DWSMA). The City wells and this area are then 

assessed to determine the vulnerability of the water supply to contamination. These items 

constitute Part I of Minnesota’s wellhead protection program which is the subject of this report.  

 

Part II of the program involves developing a management plan that may include an inventory of 

potential sources of contamination within the DWSMA and ways to manage existing and future 

activities that could impact the City’s water supply. Activities to be included in Part II will be 

dependent on the results of Part I, particularly on whether the wells or DWSMAs are found to be 

vulnerable. If the City supply wells and associated DWSMA are found to be “not vulnerable”, 

this indicates that the wells are properly constructed and that the geologic formations provide 
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natural protection to the aquifer. This protection is usually in the form of a thick, low 

permeability confining layer that prevents or restricts potential contaminants from reaching the 

aquifer. In these cases, Part II may focus on preventing activities that could breach the confining 

layer such as improperly constructed or sealed wells. If one or more of the wells, or the 

DWSMA, is found to be vulnerable, then a more proactive approach to wellhead protection may 

be required including items such as a contaminant source inventory, enforcement of existing 

regulations regarding potential contaminant sources, monitoring of potential contaminant sources 

and public education in addition to development of a contingency plan to be implemented in the 

event of source water contamination.   

 

This report documents Part I of Redwood Falls’ wellhead protection program, prepared in 

accordance with the rules (Minnesota Rules 4720.5100 to 4720.5580) for preparing and 

implementing wellhead protection measures for public water supply wells. The next step in this 

process is to submit this report to the MDH for review and approval. The results described in this 

report are a group effort involving staff from the City of Redwood Falls, MDH and Liesch 

Associates, Inc. 

 

2.0 DESCRIPTION OF WATER SUPPLY 

Redwood Falls’ water supply is currently obtained from five wells that utilize three glacial 

aquifers. These aquifers consist of sand and gravel outwash deposits sandwiched between glacial 

till layers and the underlying granitic bedrock. 

The uppermost aquifer (A Aquifer) averages about 20 foot in thickness just south of Redwood 

Falls where it is tapped by the South Ramsey Well. The B Aquifer is deeper and is the aquifer 

that supplies City Wells 1 and 2. The C Aquifer occurs on top of the granitic bedrock where a 

northwest- southeast trending channel has been eroded into the bedrock surface. This aquifer is 

the water source for City Wells 3 and 5.  

Locations for the City production wells are shown on Figures 1 and 2 located in Appendix B 

and the wells are identified by name on Figure 3 in Appendix B. Well and Boring Records for 

the City’s wells are provided in Appendix C.  

3.0 PHYSICAL SETTING 

The topography and landforms of the Redwood Falls area are primarily the result of Wisconsinan 

glaciation and more recent alluvial processes. Redwood Falls is located at the junction of the 

Redwood and Minnesota Rivers. Except for these river valleys, the topography can be 

characterized as a gently rolling plain interrupted by bands of low knobs and ridges. The knobs 
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and ridges represent glacial moraines and the smooth rolling topography is representative of a 

glacial till plain.  

 

The City is located at on the southern bank of the Minnesota River approximately midway 

between the eastern and western boundaries of Redwood County Minnesota. The current City 

Limits include an area of approximately 2.5 square miles located in part of section 36 of 

township 113 north, range 36 west; most of section 1 township 112 north, range 36 west; 

portions of sections 31 and 32 of township  113 north, range 35 west; and fractions of section 6 

in  township 112 north, range 35west.  

 

The annual average temperature for Redwood Falls is approximately 45
o
 F with average annual 

precipitation of 26 inches. Drainage of the Redwood Falls area is through the Minnesota River 

and its tributaries.  

 

3.1 GEOLOGY 

An intensive discussion of the geology of the area is included in the report published by the U. S. 

Geological Survey in 1964: “Geology and Ground-Water Conditions of the Redwood Falls Area, 

Redwood County, Minnesota.” The geology may be summarized as follows: The area is 

underlain by glacial drift deposits, thin, sporadic remnants of Cretaceous sediments and 

crystalline bedrock.  

 

Groundwater supplies adequate for municipal use are available only from the glacial drift 

deposits. Stratified glacial drift is deposited by glacial melt water. Accordingly, the accumulation 

of clay, silt, sand and gravel in discrete layers or strata occurs in response to the load carrying 

capacity or energy of the flowing melt water. In contrast, non-stratified glacial drift, which is 

largely glacial till, is deposited directly by moving ice which forms a tough, compact, 

heterogeneous mixture of all earth particles ranging in size from boulders to clay or rock flour. 

 

The stratified glacial drift deposits of sand and gravel form the major aquifers in much of 

Minnesota. The aquifers are characteristically lenticular, sinuous and elongate and as a result are 

difficult to locate and map by drilling methods alone. Three major glacial drift aquifers have 

been identified, described and partially tested in the Redwood Falls area.  

 

3.2 HYDROGEOLOGY 

The uppermost aquifer has been named the A aquifer. This aquifer occurs at an elevation of 

approximately 970 feet above sea level to the south and southwest of the City. The A Aquifer 
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averages about 20 feet in thickness in the area where it is tapped by the South Ramsey Well. The 

A aquifer thins to the east and southeast and thickens to over 40 feet southwest of the South 

Ramsey well area. 

The B Aquifer occurs at an elevation of approximately 930 feet above sea level. This aquifer 

maintains a thickness of approximately 50 feet where utilized by City Wells 1 and 2. 

The C Aquifer occurs on top of the granitic bedrock where a northwest- southeast trending 

channel has been eroded into the bedrock surface. This aquifer occurs at an elevation of 

approximately 850 feet above sea level and is the water source for City Wells 3 and 5. The C 

Aquifer has an average thickness of 40 feet where present near Redwood Falls. Previous test 

drilling and aquifer testing confirm that there is a direct hydrologic connection between the B 

Aquifer and the C Aquifer in the vicinity of City Wells 2, 3 and 5. Geologic cross sections are 

provided on Figures 4 and 5 in Appendix B, and the lines of section are illustrated on Figure 3 

in Appendix B. 

4.0 DELINEATION OF THE WELLHEAD PROTECTION AREA 

The following discussion presents the values selected to meet the criteria for the delineation of 

the Redwood Falls Wellhead Protection Area (WHPA). These criteria are specified in Minnesota 

Rule 4720. 

Time of Travel – A 10-year time of travel was selected. 

Hydrologic Flow Boundaries – The principal hydrologic flow boundaries of concern in the 

Redwood Falls area relate to the aquifer geometry, recharge and discharge areas and presence of 

other high capacity pumping wells. In general, the conceptual models prepared for the Redwood 

Falls WHPA delineation, treat the three unconsolidated glacial outwash aquifers as separate 

hydrostratigraphic units. The same characteristics are assigned to the global aquifer in both 

models. Areas where the glacial aquifers are present are represented by inhomogeneities nested 

in the global aquifer. The aquifers receive recharge from above with the majority of the 

discharge occurring along the Minnesota River and a lesser amount discharging to the Redwood 

River. The recharge is primarily from the infiltration of local rainfall through the overlying 

strata. Other than the Redwood Falls City Wells, there are two high capacity wells located in the 

vicinity of the A, B and C Aquifers. One well (MDH 229604) is screened in the A Aquifer and is 

located approximately 1,000 feet from the South Ramsey Well. The other well (MDH 502652) is 

screened in the B Aquifer and is located about one half mile south of Well 1. 

The thickness and areal extent of each aquifer was inferred from the drilling information 

available from area wells. In the B and C Aquifer model, there is an area where both the B and C 
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Aquifers appear to join and form a single hydrologically connected unit. (This hydrologic 

connection between the B and C aquifers was identified from the B. A. Liesch pumping test 

conducted at replacement Well 3 during the spring of 1985.) In the area where this connection 

occurs, the model has one aquifer with an average thickness and thickness weighted hydraulic 

conductivity of both the B and C Aquifers. 

In the A Aquifer model, the B and C Aquifers are not represented since they have no hydraulic 

effect on the A Aquifer. The need for a second separate model to simulate the hydrologic 

conditions in the A aquifer was determined by the characteristics of the computer modeling 

software. The computer model was initiated as a single layer model. Because of this, the 

polygons used to divide the B and C aquifers into areas with different characteristics interfered 

with the 10-year and 20-year particle tracking in the A Aquifer. The second model was required 

to allow the reverse particle tracking to reach the full requested extent. 

Daily Volume – Table 1 in Appendix A presents the currently active high volume wells (DNR 

SWUDS database) in the Redwood Falls area of concern. These well locations were pumped at a 

yearly average rate based upon the highest total yearly volume reported for each active well. 

Table 2 in Appendix A shows the reported water use for the City of Redwood Falls’ wells over 

a five-year period. The City anticipates that this table also represents the near term future needs 

for the City. The table also lists the projected outputs in cubic meters per day which are the input 

units required by the groundwater model. In the A Aquifer model, the South Ramsey Well and 

well 229604 are the only wells pumping. In the B and C Aquifer model Wells 1, 2 3, 5 and 

502652 are the pumping wells. 

Groundwater Flow – The regional groundwater flow in the vicinity of Redwood Falls is 

towards the Minnesota River. Near the Redwood River, local flow is towards the Redwood 

River. This interpretation is based upon County Well Index static water level information and the 

generalized contours of the piezometric surface in August of 1953 as illustrated on Plate 4 of the 

USGS Water Supply Paper 1669-R.  

Aquifer Transmissivity – Since the selected groundwater models require a value for hydraulic 

conductivity rather than a transmissivity value, an aquifer hydraulic conductivity of 3 m/day was 

utilized for the global aquifer. Hydraulic conductivities of 140 m/day for the A Aquifer, 100 

m/day for the B Aquifer, 120 m/day for the C Aquifer and a value of 110 m/day where the B and 

C Aquifers were present and assumed to be hydrologically connected, were utilized in the 

inhomogeneities inserted into the global Aquifer to represent the three Glacial outwash aquifers. 

These values were chosen based upon pumping tests conducted on the City municipal wells and 

test wells. The testing was conducted by both the U. S, Geological Survey and Liesch 
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Associates, Inc. Hydrologic testing conducted on the A Aquifer suggests hydraulic conductivities 

on the order of 143 to 155 m/day, in the B Aquifer hydraulic conductivities appear to range from 

85 to 109 m/day and the C Aquifer exhibits values of 90 to 136 m/day. A compilation of the 

aquifer parameters that were determined through aquifer testing of the Redwood Falls area 

glacial aquifers is presented on Table 3 in Appendix A. 

4.1 METHODOLOGY 

For the purpose of delineation of the wellhead protection area, the glacial aquifers have been 

represented by two distinct single layer models. The B ands C Aquifers have been modeled 

together, due to their areal extent and hydrologic connection. A separate model was used to 

represent the A Aquifer because this aquifer is not hydrologically connected to the B or C 

Aquifers and thus, does not interact with these deeper aquifers. The separate model was 

necessary due to the length of the ten and twenty year particle traces. One single layer model 

could not account for the presence of both the B and C Aquifers together in the same area as the 

overlying, hydrologically unconnected A Aquifer. The general layout of the B and C model is 

presented on Figure 1 in Appendix B and the model geometry for the A Aquifer model is 

provided on Figure 2 in Appendix B. Printed copies of both MLAEM model input sets are 

included in Appendix F. 

Calibration of the models were accomplished by comparison with the general head values 

presented in USGS Water Supply Paper 1669-R. Due to the lack of other simultaneously 

measured water level data sets for the modeled area, the USGS representation was selected as the 

best available data to use for initial calibration. 

The models were run without any wells pumping and the head values from the models were 

visually compared with the USGS report water level contours. At the completion of calibration, 

each model illustrated water elevations in general agreement with those provided in the USGS 

Report. The average stream flow increase between Marshall and Redwood Falls on the Redwood 

River was examined in an attempt to quantify and compare groundwater discharge into the 

Redwood River. The method did not aid in calibration due to the large variations in geology 

along the Redwood River and the inability of the model to create significant variations in the 

Redwood River discharge values through supportable alterations to the recharge rates and 

hydraulic conductivities in the aquifers. The method of calibration used for these models is rather 

crude. In order to account for this, a plus and minus 10 degree change was subsequently applied 

to the model flow direction.   

MLAEM developmental Version 5.1.08 developed by Strack Consulting was used to create and 

the run the Redwood Falls models. After calibration, the maximum yearly values reported for 
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each of the two active appropriations permitted wells in the Redwood Falls area (SWUDS data 

base) were divided by 365 days and this rate applied as the continuous daily pumping rate to 

each active well. The Redwood Falls City Wells were pumped at the pumping rates selected for 

the capture zone determination. In the B and C model, Redwood Falls wells 1, 2, 3 and 5 along 

with SWUDS well 502652 were pumped at their applicable rates. In the A Aquifer model only 

the South Ramsey well and SWUDS well 229604 were pumping. Each model was run to 

delineate the one year, ten year and twenty year capture zones for the Redwood Falls wells. 

The capture zones were identified for each of the Redwood Falls wells by utilizing reverse 

particle tracking techniques. The one year, ten year and twenty year capture zones were plotted. 

These capture zones are illustrated on Figures 6 and 7 in Appendix B. The ten year capture 

zones were then adjusted for uncertainty (as discussed in the uncertainty analysis) and 

subsequently utilized to generate the Wellhead Protection Areas as shown on Figure 8 in 

Appendix B. Adjusted one-year capture zones were created and used to determine the 

Emergency Management Zones (EMZ) for each Redwood Falls well and the adjusted Wellhead 

Protection Areas were enclosed within the Drinking Water Supply Management Area shown on 

Figure 9.   

4.2 UNCERTAINTY ANALYSIS  

An uncertainty analysis was conducted to determine each model’s sensitivity to changes in 

aquifer parameters. Preliminary runs of the models indicate that the models are most sensitive to 

flow field created to match the initial water level conditions. Because of insufficient data 

available from the County Well Index or any other available sources, the interpretation of water 

levels presented in the 1964 U.S. Geological Survey water supply paper 1669-R were utilized. 

This data is old and most likely does not accurately portray the situation as it exists today. In 

addition, the U. S. Geological Survey paper assumes that all three aquifers exhibit the same 

potentiometric surface.  

The capture zones are directly influenced by the hydraulic conductivity, thickness and areal 

extent assigned to each aquifer polygon. After reviewing the pumping test information and 

reports, the most likely values were selected for the aquifer hydraulic conductivities based upon 

the significant data base of pumping test information. Aquifer thicknesses were plotted at each 

County Well Indexed well whose location could be identified to the quarter section or smaller 

areal unit. The sand and gravel aquifers were correlated throughout the Redwood Falls area and 

average thicknesses were selected for each aquifer polygon based upon the aquifer thickness 

exhibited in each polygon area.     

In order to compensate for the uncertainty evident in the Redwood Falls aquifer models, the 10-
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year capture zones have been adjusted by including a 10 degree variance to both the east and 

west in the 10 year reverse particle tracking from each well. The additional area resulting from 

this adjustment has been added to the model defined capture zone. The adjustment made to the 

capture zones to compensate for the aforementioned uncertainty is shown on Figure 8 in 

Appendix B. 

In addition, the lack of specific stratigraphic information in some areas south of Redwood Falls 

limits the accuracy to which the extent of the glacial aquifers can be defined. The City should 

make efforts to collect information from any new wells or test holes drilled in the vicinity of the 

DWSMA. This information can then be utilized to make adjustments to the vulnerability area 

boundaries as necessary.   

5.0 DRINKING WATER SUPPLY MANAGEMENT AREA DELINEATION 

The Drinking Water Supply Management Areas (DWSMA) for the adjusted 10-year time of 

travel WHPA is shown on Figure 9. This DWSMA incorporates all of the ten year capture areas 

and the adjustments for uncertainty addressed in the previous section. The area was delineated 

using transportation corridors, surface water bodies, United States public land survey units and 

other criteria as defined by the wellhead protection rule. 

 

6.0 VULNERABILITY ASSESSMENT 

This section documents the vulnerability assessments for the Redwood Falls’ municipal 

production wells and the DWSMA delineated to encompass the 10-year time of travel WHPAs. 

This assessment has been performed in accordance with Minnesota Rule 4720.5210 for 

preparing and implementing wellhead protection measures for public water supply wells. 

 

The vulnerability of the Redwood Falls production wells was determined by evaluating available 

information on the geology, well construction and groundwater chemical and isotope 

concentrations. This information was then compared to the vulnerability criteria specified in 

Minnesota Rule 4720.5550. 

 

The vulnerability of the DWSMA has been determined by evaluating the geologic conditions 

within the Redwood Falls area with particular emphasis upon the continuity of the three 

individual glacial outwash aquifers identified in U. S. Geological Survey Water Supply Paper 

1169-R. Reviews of previously published reports, County Well Index stratigraphic information 

and Liesch Associates, Inc. pumping test reports along with the radiological composition of the 
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aquifer waters and Chapters 1 and 3 of the DWSMA Vulnerability Assessment Guidance 

Document, have been instrumental in the determination of the DWSMA vulnerability.   

6.1 WELL VULNERABILITY ASSESSMENT 

Redwood Falls South Ramsey and Well 5 are considered “Vulnerable”. These wells exhibited 

elevated tritium values when sampled by the Minnesota Department of Health (MDH). The 

laboratory results reported tritium concentrations of 1.2 and 1.3 tritium units at South Ramsey 

and Well 5, respectively. Redwood Falls’ Wells 1, 2 and 3 have not been sampled for tritium. At 

present MDH has preliminarily scored these wells as “Not Vulnerable”.  

 

The available Well and Boring Records for each of the Redwood Falls production wells were 

reviewed to determine well construction and the composition of the strata encountered during the 

drilling of each well. The South Ramsey well geology was inferred from surrounding well 

information. The materials encountered during drilling indicate the presence of significant 

thicknesses of lower permeability confining layers at the locations of all of the wells. All of the 

Redwood Falls production wells appear to meet current MDH well code. Copies of the Redwood 

Falls Well and Boring Records are included in Appendix C.  

 

Nitrate has been identified at low concentrations in Wells 1 and 5. Well 1 had a reported nitrate 

concentration of 1.5 mg/L and Well 5 exhibited a concentration of 0.5 mg/L. Both of these 

concentrations are significantly below the Federal Drinking Water Standard of 10 mg/L. As 

previously mentioned, the MDH has analyzed water samples from the Ramsey well and Well 5 

for tritium content. Both of these wells had a tritium present indicating recharge from waters 

with a surface exposure more recent than 1953. Wells 1, 2 and 3 have not yet been tested for the 

presence of a detectable tritium. In the future, tritium testing could be conducted at these wells to 

substantiate their vulnerability. 

 

Copies of the MDH 2002 well vulnerability ratings with available tritium analysis results are 

included in Appendix D. At present, the City has no additional information that warrants 

changing the MDH assessments. 

 

6.2 DRINKING WATER SUPPLY MANAGEMENT AREA VULNERABILITY ASSESSMENT 

The Redwood Falls Wellhead Protection Plan identifies one distinct DWSMA. The DWSMA has 

been assessed on the basis of area well logs, cross sections of geologic logs from wells located 

within the WHPA, previous test drilling conducted by the City and the radiological analyses 

performed by MDH. Methods outlined in the MDH Guidance Document: “Assessing Well and 

Aquifer Vulnerability for Wellhead Protection” were applied to assess DWSMA vulnerability. 
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The Redwood Falls DWSMA has been assigned a “Moderate Vulnerability”. The DWSMA area 

exhibits confining clay layers in excess of 50 feet in thickness, however, because of the presence 

of the tritium isotope in water from Well 5 and the South Ramsey well, the DWSMA has been 

assigned a moderate rather than low vulnerability. 

6.3 RECOMMENDATIONS 

At present, Wells 1, 2 and 3 have not been tested for tritium content. It is recommended that the 

MDH conduct tritium sampling at these three wells so that the degree of vulnerability can be 

verified. 

Based on the results of the current WHPA and DWSMA delineation and vulnerability 

assessment, Part II of Redwood Falls’ Wellhead Protection Plan should address “Moderately 

Vulnerable” areas by the identification of existing underground storage tanks, wells, large sewer 

systems, cesspools and automotive disposal systems. Wellhead protection in this area should 

include monitoring the status of any reported underground storage tank releases in this area and 

the identifying and properly sealing of abandoned wells that could provide a conduit for potential 

contaminants to reach the aquifer. 

The WHPA delineation conducted for this report was prepared using two calibrated steady-state, 

single-layer analytic element models (MLAEM). Pumping rates and locations for high volume 

pumping wells were computed from the State Water Use Data System (SWUDs) database. While 

this database may currently be the best source of information, the information is sometimes in 

error and not always current. When the Redwood Falls models are updated, the available data 

bases should be assessed to determine if more accurate high volume well locations and pumping 

rates are available at that time.   

As Redwood Falls continues to operate, maintain and expand its water supply system, 

information from any newly identified wells located near and within the DWSMA should be 

collected. Data concerning the geology, static and pumping water levels and any hydraulic 

testing should be collected and compiled for use in future model adjustments and calibrations. 

Any pumping test procedures conducted at existing or future wells should also include detailed 

water level measurements at available wells to facilitate calculation of aquifer parameters.  
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