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Forward   
 
This document presents the wellhead protection (WHP) plan for City of Pelican Rapids that will help 
provide for an adequate and safe drinking water supply for community residents.  It contains the 
following components:  

• Assessment of the data elements used to prepare the plan. 
• Delineation of the wellhead protection area. 
• Delineation of the drinking water supply management area. 
• Assessments of well and drinking water supply management area vulnerability. 
• Impact of changes on the public water supply well(s) used by the water supplier. 
• Issues, problems, and opportunities affecting the well(s), well water, and the drinking water 

supply management area. 
• Wellhead protection goals for this plan. 
• Objectives and plan of action for achieving the wellhead protection goals. 
• Evaluation program for assessing the effectiveness of this plan. 
• Contingency strategy to address an interruption of the water supply. 

 
 

Water Supply Wells Included in This Plan 

Local Well ID Unique 
Number 

Use/ 
Status1 

Well 7 215513 P 

Well 8 215511 P 

Well 9 215512 P 

Well 13 445082 P 

Well 15 753273 P 

 
WHP Plan Manager 

Don Solga, Pelican Rapids 
 

WHP Team Members 
Susan Strand, City of Pelican Rapids 

Brent E. Frazier, City of Pelican Rapids 
Steve Egge, Egge Construction/Farmland Owner 

Paul Restad, Pelican Township 
Chris McConn, Interstate Engineering 

Aaron Meyer, MRWA 
 

Written By  
Don Solga, Pelican Rapids, Aaron Meyer, MRWA 
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Chapter 1:  Introduction 

1.1 Background 
The wellhead protection (WHP) plan for the City of Pelican Rapids was prepared in cooperation with the 
Minnesota Department of Health (MDH) and the Minnesota Rural Water Association.  It contains 
specific actions that the city will take to fulfill WHP requirements that are specified under Minnesota 
Rules, part 4720.5100 to 4720.5590.  Also, the support that Minnesota state agencies, federal agencies, 
and Otter Tail County will provide is presented to identify their roles in protecting the city’s drinking 
water supply.  The plan is effective for 10 years after the approval date specified by MDH and the city is 
responsible for implementing its WHP plan of action as described in Table 10 of this report.  
Furthermore, the city will evaluate the status of plan implementation at least every two and one half 
years to identify whether its WHP plan is being implemented on schedule.   
 
1.2 Plan Appendices  
Much of the technical information that was used to prepare this plan is contained in the appendices but is 
summarized in the main body of this plan.  In particular: 

• Appendix I contains the assessment of data elements used to create this plan. 

• Appendix II contains the first part of the plan, consisting of the delineation of the wellhead 
protection area (WHPA), the drinking water supply management area (DWSMA), and the 
vulnerability assessments for the public water supply wells and the DWSMA.  This part of the 
plan is summarized in Chapter 3.  

• Appendix III contains the inventory of potential contamination sources that may present a risk to 
the city’s drinking water.  This part of the plan is discussed in Chapter 4 in terms of assigning 
risk to the city’s water supply and is discussed as issues, problems or opportunities summarized 
in Chapter 6.   

• Appendix III contains the contingency strategy to provide for an alternate water supply if there is 
a disruption caused by contamination or mechanical failure.  This part of the plan is discussed in 
Chapter 11. 
 

• Appendix IV contains the required scoping II documentation required by MN Dept. of Health. 
 
 
 
Chapter 2:  Identification and Assessment of the Data Elements Used to 

Prepare the Plan 

The data elements that are included in this plan document the need for the WHP measures that will be 
implemented to help protect the city’s water supply from potential sources of contamination.  The city 
met with representatives from MDH on two occasions to discuss the data elements that are specified in 
Minnesota Rules, part 4720.5400, for preparing a WHP plan.  
 
The first scoping meeting that was held on December 2, 2014 addressed the data elements that were 
needed to support the delineation of the WHPA, the DWSMA, and the well and DWSMA vulnerability 
assessments.  The second scoping meeting that was held on April 6, 2015 discussed the data elements 
required to 1) identify potential risks to the public water supply and 2) develop effective management 
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strategies to protect the public water supply in relation to the well and DWSMA vulnerability.  The 
results of each meeting were communicated to the city by MDH through a formal scoping decision 
notice.   
 
Each data element is required to be assessed for its impact on 1) the use of the public water supply well, 
2) delineation of the WHPA, 3) the quality and quantity of water supplying the public water supply 
wells, and 4) land and groundwater uses within the DWSMA.  This information is found in Appendix I. 
 
The availability of the information relating to each data element that is used in this plan was evaluated by 
staff from the MDH, the City of Pelican Rapids and MRWA.   During the evaluation process the City of 
Pelican Rapids and Minnesota Department of Health determined if the data element was considered an 
issue, concern or opportunity that the City of Pelican Rapids must address in this plan.  If this is found to 
be the case during data evaluation and assessment, the information will be found in Appendix II.  
Actions that are needed to address deficiencies found during the data element assessment process in 
either the quality or the amount of data are included in the plan of action (Chapter 9).  
 
 
 
Chapter 3:  Delineation of the Wellhead Protection Area, Drinking Water 

Supply Management Area and Vulnerability Assessments  

The boundaries of the WHPA and DWSMA and the DWSMA vulnerability are shown in Figure 1, and 
well vulnerability is listed below in Table 1.  A detailed description of the process used for 1) delineating 
the WHPA and the DWSMA, and 2) preparing the vulnerability assessments of the city water supply 
well(s) and DWSMA is presented in Appendix I.  The City of Pelican Rapids requested that MDH do 
this work; it was performed by Trent Farnum, who is licensed as a geoscientist by the State of 
Minnesota. 

Table 1 - Water Supply Well Information  
Local 
Well 
ID 

Unique 
Number 

Use/ 
Status1 

Casing 
Diameter 
(inches) 

Casing 
Depth 
(feet) 

Well 
Depth 
(feet) 

Date 
Constructed/ 

Reconstructed 
Aquifer2 Well  

Vulnerability 

Well 7 215513 P 12 x 10  388 420 1961 QBAA Not 
Vulnerable 

Well 8 215511 P 8 x 6 387 422 6/17/1964 QBAA Not 
Vulnerable 

Well 9 215512 P 16 x 12 387 422 8/7/1964 QBAA Not 
Vulnerable 

Well 
13 445082 P 12 78 108 10/2/1987 QWTA Vulnerable 

Well 
15 753273 P 12 380 420 8/14/2007 QBAA Not 

Vulnerable 

Note:  1. Primary (P), Emergency Backup (E), Seasonal Use (S) 
 
 
DWSMA Vulnerability Assessment  
The significance of this assessment relative to the likelihood that a contaminant may move from a 
potential source to the source water aquifer is summarized below in terms of a travel time.  Generally, 
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the higher the vulnerability rating, the greater the risk that a released contaminant may result in 
contaminated drinking water.  These ratings are show in Figure 1 and were determined using geologic, 
soils, and groundwater chemistry information.   

• Very high vulnerability indicates that vertical recharge to the source water aquifer occurs over a 
time period of hours to weeks. 

• High vulnerability indicates that vertical recharge to the source water aquifer occurs over a time 
period of weeks to years.   

• Moderate vulnerability indicates that vertical recharge to the source water aquifer occurs over a 
time period of years to several decades.   

• Low vulnerability indicates that vertical recharge to the source water aquifer occurs over a time 
period of several decades to a century 

• Very low vulnerability indicates that vertical recharge to the source water aquifer occurs over a 
time period that exceeds a century. 

The City of Pelican Rapids has been assigned a high vulnerability for the aquifer recharging the shallow 
public supply well. A surface water contribution area is also part of the shallow well delineation and was 
assigned a high vulnerability since this area has the ability to deliver runoff into the groundwater capture 
area very rapidly. The rest of the city wells (deep wells) are well protected from activities at the land 
surface and thus have been assigned a low vulnerability rating. 
 
Chapter 4:  Assigning Risk to Potential Contamination Sources  

The types of potential contamination sources that may exist within the DWSMA were derived from the 
information collected to satisfy the data element requirements (Chapter 2).  The 1) results of the 
assessment of DWSMA and well vulnerability and 2) the presence or absence of human-caused 
contaminants in the source water were used to guide the risk assessment to potential sources of 
contamination.  Table 2 indicates the risk that the City of Pelican Rapids has assigned to potential point 
sources of contamination that are located within the IWMZ.  This assessment also reflects the risk 
assessment that MDH has assigned to them in the sanitary survey report.  Table 3 indicates the risk that 
the City of Pelican Rapids has assigned to potential point sources of contamination that are located in the 
remainder of the DWSMA beyond the IWMZ whereas, Table 4 indicates this risk attributed to potential 
non-point sources of contamination. 
 
 
4.1 Contaminants of Concern  
No manmade contaminants of concern have been detected in the city wells above the drinking water 
standards.  
 

4.2 Inventory Results and Risk Assessment  
A map and description of the locations of potential contamination sources are presented in Appendix III 
and 1) a summary of the results for the IWMZ is listed in Table 2, and 2) for the remainder of the 
DWSMA in Table 3.  
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The priority assigned to each type of  potential contamination source addresses 1) the number 
inventoried, 2) its proximity to a city well, 3) the capability of local geologic conditions to absorb a 
contaminant, 4) the effectiveness of existing regulatory controls, and 5) the time required for the City of 
Pelican Rapids to obtain cooperation from governmental agencies that regulate it.   

• A high (H) risk potential implies that the potential source type has the greatest likelihood to 
negatively impact the city water supply and should receive highest priority for management.   

• A moderate (M) risk potential implies that the potential source type may have an impact on the 
city water supply and should receive an intermediate priority for management.   

• A low (L) risk potential implies that a potential source type may have a marginal or negligible 
impact on the city water supply and should receive a low priority for management. 

 
Table 2 - Potential Contamination Sources and Assigned Risk for the IWMZ 

Source Type Total Level of Risk 
Buried Sewer Lines  5 High 
Stormwater Intakes 2 Low 
Sewage Holding Tank – Watertight  1 High 
Test Wells 10 High 
*Spills along the travel corridors within this area however could pose as potential threats 
to the city’s drinking water supply. 

 
 

Table 3 - Potential Point Contamination Source Type and Assigned Risk  

Potential 
Contaminant 
Source Type 

Number Within 
DWSMA and 
Level of Risk 

Status of 
Potential 

Contaminant 
Source 

Level of Risk 

Private Wells 50 Active High 
Individual 

Sewage 
Treatment 

System 

19 Active Medium 

Aboveground 
Storage Tank 2 Active High 

Hazardous 
Waste 

Generator 
7 Active Medium 

Hazardous 
Waste 

Generator 
1 Inactive Low 

Cemetery 1 Active Low 
Gravel Pit 1 Active High 

Public Supply 
Wells 5 Active Low 

Chemical 
Storage and 
Prep Area 

2 Active High 
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 Table 4 - Nonpoint Sources of Potential Contamination and Assigned Risk for the DWSMA 
 

Land Use Category  Total Acres and Assigned Risk 
Emergency Response Area (ERA) 

Agricultural (Row Crop) 9.5 H 

Commercial 22 H 
Developed, Low Intensity 

(Residential) 2 L 

Drinking Water Supply Management Area 
Open Water 213 L 
Developed, Open Space 139 L 
Developed, Low Intensity 
(Residential) 64 M 

Developed, Medium 
Intensity (Commercial) 53 H 

Developed, High Intensity 
(Commercial) 17 H 

Barren Land 
(Rock/Sand/Clay) 1 L 

Deciduous Forest 116 L 
Evergreen Forest 19 L 
Shrub/Scrub 3 L 
Grassland/Herbaceous 34 L 
Pasture/Hay 247 L 
Cultivated Crops 226 H 
Woody Wetlands 10 L 
Emergent Herbaceous 
Wetlands 54 L 

 
The higher the priority assigned to the land uses above the greater risk that land use has for 
contaminating the aquifer from which the city draws water. 

Chapter 5:  Impact of Land and Water Use Changes on the Public Water 
Supply Well(s) 

The city estimates that the following changes to the physical environment, land use, surface water, and 
groundwater may occur over the ten-year period that the WHP plan is in effect.  This is needed to 
determine whether new potential sources of contamination may be introduced in the future and to 
identify future actions for addressing these anticipated sources.  Land and water use changes may 
introduce new contamination sources or result in changes to groundwater use and quality.  The 
anticipated changes may occur within the jurisdictional authority of the city, although some may not.  
The following table describes the anticipated changes to the physical environment, land use, and surface 
water or groundwater in relationship to 1) the influence that existing governmental land and water 
programs and regulations may have on the anticipated change, and 2) the administrative, technical, and 
financial considerations of the City of Pelican Rapids and property owners within the DWSMA.  
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Table 5 - Expected Land and Water Use Changes 

Expected Change 
(Physical Environment, 

Land Use, Surface Water, 
Ground Water) 

Impact of the 
Expected Change On 

the Source Water 
Aquifer 

Influence of Existing 
Government Programs 
and Regulations on the 

Expected Change 

Administrative, Technical, 
and Financial, 

Considerations due to the 
Expected Change 

Some residential 
development is likely to 
occur.  

Slight increase in water 
demand on the current 
wells. 

Any future developments will 
be connected to city services 
and the city has adequate 
water storage and supply so 
very limited impact. 

Slightly higher demand for water 
and a slight increase in tax 
revenue.  No significant changes 
are anticipated. 

No changes to the 
physical makeup of the 
aquifer are expected. 

NA NA NA 

 
 
Chapter 6:  Issues, Problems, and Opportunities 

6.1 Identification of Issues, Problems and Opportunities   
The City of Pelican Rapids has identified water and land use issues, problems and opportunities related 
to 1) the aquifer used by the city water supply wells, 2) the quality of the well water, or 3) land or water 
use within the DWSMA.  The city assessed 1) input from public meetings and written comments that it 
received, 2) the data elements identified by MDH during the scoping meetings, and 3) and the status and 
adequacy of the city’s official controls and plans on land use and water uses, as well as those of local, 
state, and federal government programs.  The results of this effort are presented in the following table 
which defines the nature and magnitude of contaminant source management issues in the city’s 
DWSMA.  Identifying the issues, problems and opportunities as well as resource needs enables the city 
to:  1) take advantage of opportunities that may be available to make effective use of existing resources, 
2) set meaningful priorities for source management and 3) solicit support for implementing specific 
source management strategies. 
 
6.2 Comments Received  
There have been several occasions for local governments, state agencies and the general public to 
identify issues and comment on the city’s WHP plan.  At the beginning of the planning process, local 
units of government were notified that the city was going to develop its WHP plan and were given the 
opportunity to identify issues, as well as to comment.  A public information meeting was held to review 
the results of the delineation of the WHP area, DWSMA, and the vulnerability assessments; meetings of 
the WHP team were open to the public.  Also, a public hearing was held before the completed WHP plan 
was sent to MDH for state agency review and approval.   
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Table 6 - Issues, Problems and Opportunities 

Issue Identified  Impacted 
Feature 

Problem 
Associated with 
the Identified 

Issue 

Opportunity 
Associated with 
the Identified 

Issue 

Adequacy of 
Existing Controls to 

Address the Issue 

Limited well logs 
(geological 
information) was 
available in the 
Pelican Rapids 
area. 

Aquifer, 
Well Water Quality, 
DWSMA 

Groundwater in the 
DWSMA is not well 
understood and thus the 
delineation was 
completed on limited 
data.  

The City working in 
cooperation with the 
MN Dept. of Health 
(MDH) will identify 
wells within 2 miles of 
the DWSMA boundary 
and particularly the 
high priority wells 
identified by the MDH 
Hydrologist.   

The MDH can provide 
valuable financial and 
technical assistance in 
locating wells and 
assisting in gathering 
geological information.  

It is always difficult 
to foresee or plan 
for every threat or 
potential 
contaminant source 
which may affect 
Pelican Rapids in 
the future. 
 

Aquifer, 
DWSMA, 
Well Water Quality 

The City may not be 
prepared technically or 
financially to address 
potential threats 
unknown to them at this 
time. 

If a critical issue or 
potential contaminant 
threat becomes an issue 
in the future for the 
City, the city can ask 
for assistance from the 
various state agencies 
and MRWA to 
promptly take actions to 
prevent this 
contaminant source 
from contaminating 
their drinking water 
supply.  Grants dollars 
may also be available to 
help cover various cost 
and equipment. 

Not applicable at this 
time. 

The City of Pelican 
Rapids has limited 
resources and funds 
to implement the 
wellhead protection 
plan. 

Aquifer 
DWSMA 
Well Water Quality 

With limited resources 
implementing the WHP 
plan will be a challenge 
for the City of Pelican 
Rapids. 

Form partnerships with 
the Township, County 
and State agencies who 
have controls in the 
DWSMA so they can 
help with 
implementation. 

Not applicable 

Some of the 
DWSMA is outside 
the city limits.  
 

Aquifer, 
DWSMA, 
Well Water Quality 

Water is recharging the 
city’s aquifer from 
lands outside the city 
limits.  The city has no 
landuse controls or 
authority over these 
areas. 

The city will need to 
work cooperatively 
with Otter Tail County 
and Pelican Township 
to ensure smart landuse 
decisions are made 
outside city limits.  

Otter Tail County has 
zoning authority over this 
area and can provide 
valuable assistance in 
landuse issues. 

Spill response 
equipment/expertise 
is not readily 
available. 

Aquifer, 
Well Water Quality 
 

The city and first 
responders are not 
prepared to adequately 
respond to a spill within 
their DWSMA. 

The city and first 
responders can work 
cooperatively with local 
and state government to 
develop and implement 
a spill response plan to 
handle issues which 
may arise within the 
DWMSA. 

Adequate controls exist 
at the state level however 
greater awareness and 
tools are necessary at the 
City of Pelican Rapids. 

Some row crop Aquifer, Row crop production The city will need to Nutrient management is a 
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production occurs 
in the highly 
vulnerable wellhead 
protection area. 

Well Water Quality 
 

tends to leak nitrates 
into the aquifer. 

work cooperatively 
with local units of 
government and state 
agencies to address 
nutrient management 
within the WHPA. 

voluntary action and 
there are limited 
regulation and 
enforcement at the local 
and state end to regulate 
fertilizer and manure 
application rates. 

The City has old 
municipal wells 
which have not 
been properly 
sealed. 

Aquifer, Water 
Quality 

Wells which have not 
been sealed according 
to MDH standards may 
provide a pathway for 
pollutants to enter into 
the aquifer. 

With the assistance of 
MDH the city can 
locate, assess and seal 
the wells if they pose a 
threat to the city’s 
drinking water supply. 

MDH Well Management 
has the ability to require 
the city to properly 
address unused 
improperly sealed wells.  
The city can utilize the 
MDH WHP and MDH 
Well Mgmt. grant 
programs to seal wells.    

New high capacity 
wells drilled within 
the DWSMA or 1 
mile of the 
DWSMA may alter 
the WHPA 
boundary and 
provide a pathway 
for pollutants to 
enter the aquifer. 
 

Aquifer, DWSMA 
and water well 
quantity and 
quality. 

The City has no 
authority over 
construction or 
placement of new wells 
or pumping rates which 
may influence the 
capture area for the 
City’s wells.   
 
A large capacity well 
could potentially impact 
the public water supply 
wells ability to supply 
water. 

If a high capacity well 
is proposed within the 
DWSMA or 1.5 miles 
of the DWSMA 
boundary the DNR will 
notify MDH. Cooperate 
with MDH and DNR 
Hydrologists as 
requested to help assess 
any potential impacts 
and work cooperatively 
with the high capacity 
well owner, DNR and 
MDH Hydrologist 
resolve any potential 
negative impacts.     

Current state law and 
rules are considered 
adequate insofar as 
requiring all wells to be 
constructed according to 
state well construction 
codes and setbacks.   
 
MN DNR will notify the 
city if a high capacity 
well is to be drilled 
within the DWSMA. 
 
 

 
 
Chapter 7:  Existing Authority and Support Provided by Local, State, and 

Federal Governments  

In addition to its own controls, the City of Pelican Rapids will have to rely upon partnerships formed 
with local units of government, state agencies, and federal agencies with regulatory controls or resource 
management programs in place to help implement its WHP plan.  The level of support that a local, state, 
and federal agency can provide to help offset the risk that is presented by a potential contamination 
source will depend up on its legal authority as well as the resources that are available to local 
governments.   
 
7.1 Existing Controls and Programs of the City of Pelican Rapids 
The city has identified the following legal controls and/or programs that it has in-place that can be used 
to support the management of potential contamination sources within the DWSMA. 
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Table 7 – Existing Controls and Programs of the City of Pelican Rapids 
  

Type of Control  Program Description 
Zoning and Conditional Use 
Permits  

Sets standards and orderly growth for land uses within 
City limits and allows the City to apply permit 
conditions to land uses they deem necessary. 

Shoreland Ordinance Regulates the subdivision, use and development of the 
shorelands of public waters. 

Subdivision Control Ordinance Mandates the connection with a community or 
public water supply and the community or public 
sanitary sewer collection and treatment facility. 

Water & Sewer Ordinance Regulates the connection to the City water or 
sanitary sewer system.  

 
 
7.2 Local Government Controls and Programs  
The following departments or programs within Otter Tail County may be able to assist the city with 
issues relating to potential contamination sources that 1) have been inventoried or 2) may result from 
changes in land and water use within the DWSMA.   
 

Table 8 - Local Agency Controls and Programs 

Government Unit Name of Control/Program Program Description 
Otter Tail County  Shoreland Ordinance 

 
 
 
 
Household Hazardous Waste 
Collection. 
 
 
Water Planning 
 
 
 
Subsurface Sewage Treatment 
System (SSTS) Ordinance 

Enforces the building setback and septic 
requirements set forth by the MN DNR. 
 
Provides education to landowners and a 
collection program for disposing of 
household hazardous waste. 
 
Establishes countywide goals and 
priorities towards protecting water 
resources. 
 
Sets minimum standards for permitting 
design and construction of SSTSs. 

Otter Tail County 
Emergency 
Management Dept. 

Transportation accidents causing 
contaminant spills 

Directs the response and the extent of 
initial clean-up of fuel, chemical, or other 
hazardous substances that are released due 
to transportation accidents. 

Otter Tail County Soil 
and Water 
Conservation District 

1) Agricultural BMPs 
2) Storm water management 
3) Wetland management 
4) Feedlots 
5) Residential BMPs 

The Otter Tail SWCD promotes the 
protection of water and soil resources in 
the county through educational programs, 
cost-sharing and collaboration with other 
local, state and federal agencies. 

Pelican Township Zoning Ordinance 
Building Code 
 

Enforces the placement and building of  
structures within the township. 
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7.3 State Agency and Federal Agency Support  
MDH will serve as the contact for enlisting the support of other state agencies on a case-by-case basis 
regarding technical or regulatory support that may be applied to the management of potential 
contamination sources.  Participation by other state agencies and the federal government is based on 
legal authority granted to them and resource availability.  Furthermore, MDH 1) administers state 
regulations that affect specific potential sources of contamination and 2) can provide technical assistance 
for property owners to comply with these regulations.  
 
The following table identifies specific regulatory programs or technical assistance that state and federal 
agencies may provide to the City of Pelican Rapids to support implementation of its WHP plan.  It is 
likely that other opportunities for assistance may be available over the ten-year period that the plan is in 
effect due to changes in legal authority or increases in funding granted to state and federal agencies.  
Therefore, the table references opportunities available when the city’s WHP plan was first approved by 
MDH.   
 

Table 9 - State and Federal Agency Controls and Programs 

Government 
Unit Type of Program Program Description 

MN Dept. of 
Health 

State Well Code  
(MR Chapter 4725) 

MDH has authority over the construction of new 
wells and sealing of wells.  MDH staff in the Well 
Management Program offers technical assistance for 
enforcing well construction, maintaining setback 
distances for certain contamination sources, and well 
sealing.   
 

MN. Dept. of 
Health 

Wellhead Protection MDH can provide technical and financial assistance 
to the city for whp activities and can help identify 
technical and financial support that other 
governmental agencies can provide to assist with 
managing potential contamination sources. 

MN Dept. of 
Natural 
Resources 

Water Appropriation Permitting 
(MR Chapter 6115) 
 
 
 
Shoreland 

DNR can require that anyone requesting an increase 
in existing permitted appropriations or to pump 
groundwater must address concerns of the impacts to 
drinking water if these concerns are include in a 
WHP plan.  
Establishes special requirements for landuse and soil 
disturbances within shoreland areas along protected 
waters. 

MN Pollution 
Control 
Agency 
(MPCA) 

Feedlot Rules 
 
 
Registered Storage Tank 
Program 
Stormwater Program 

Establishes minimum state-wide standards for 
feedlot regulations and regulates feedlots >1000 
animal units.  
MPCA administers the programs dealing with 
storage tank regulations and stormwater 
management. 

MN Dept. of 
Agriculture 
(MDA) 

Nutrient and Chemical Programs 
 

MDA administers the programs which regulate the 
storage and application of nutrients and chemicals 
(pesticides and herbicides) and provide in field 
technical advice to farmers located within the 
DWSMAs. 
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U.S. Dept. of 
Agriculture 
(USDA) 

Farm Bill Programs The local USDA Service Center can provide 
technical and financial support for individuals and 
farmers through the Farm Bill. 

Environment 
Protection 
Agency 
(EPA) 

Shallow Disposal Well Program EPA has the regulatory authority over Class V 
Injections Well or also known as Shallow Disposal 
Wells. 

 
 
7.4 Support Provided by Nonprofit Organizations 
The Minnesota Rural Water Association will assist the City of Pelican Rapids with implementing its 
WHP plan by providing 1) reference education and outreach materials for landowners, 2) technical 
support for implementing individual WHP action items listed in the plan, and 3) assisting the City with 
assessing the results of plan implementation. 
 
Chapter 8:  Goals 

Goals define the overall purpose for the WHP plan as well as the end points for implementing objectives 
and their corresponding actions.  The WHP team identified the following goals after considering the 
impacts that 1) changing land and water uses, over time, have presented to drinking water quality and 2) 
future changes have that may need to be addressed to protect the community’s drinking water:   

• The  overall  goal  of  the  City  of  Pelican Rapids  is  to  promote  public  health,  economic 
development  and community  infrastructure by maintaining  a potable  drinking  water 
supply for all residents of the community, both now and into the future.   

 
Chapter 9:  Objectives and Plan of Action 

Objectives provide the focus for ensuring that the goals of the WHP plan are met and that priority is 
given to specific actions that support multiple outcomes of plan implementation.  
 
Both the objectives and the wellhead protection measures (actions) that support them are based on 
assessing 1) the data elements (Chapter 2, and Appendix I), 2) the potential contaminant source 
inventory (Chapter 4), 3) the impacts that changes in land and water use present (Chapter 5), and 4) 
issues, problems, and opportunities related to administrative, financial, and technical considerations 
(Chapter 5).     
 
9.1 Objectives   
The following objectives have been identified to support the goals of the WHP plan for the City of 
Pelican Rapids:   

A. Create awareness and general knowledge about the importance of WHP in the Pelican Rapids 
Community and the City of Pelican Rapids DWSMA.   
B. Properly inventory and manage potential contaminant sources to protect the drinking water supply 
for the City of Pelican Rapids.  
C. Gather additional information within the DWSMA in order to better understand the size and 
vulnerability of the DWSMA. 
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D. Effectively track and report the implementation efforts and wellhead protection plan progress to 
all governing authorities.  
E. Manage the Inner Wellhead Management Zone to prevent contamination of the aquifer near the 
public supply wells. 
F. Effectively prepare the City of Pelican Rapids for disruptions to the water distribution system. 
G. Develop local land use controls and partner with local units of government to better protect the 
aquifer used by the City of Pelican Rapids. 

 
 
 
9.2 WHP Measures and Action Plan   
Based upon the factors, the WHP team has identified WHP measures that will be implemented by the 
city over the 10-year period that its WHP plan is in effect.  The objective that each measure supports is 
noted, as well as 1) the lead party and any cooperators, 2) the anticipated cost for implementing the 
measure, and 3) the year or years in which it will be implemented.   
 
The following categories are used to further clarify the focus that each WHP measure provides as well as 
help to organize the measures listed in the action plan:    

• Data Collection 
• IWMZ Management 
• Land Use Management 
• Potential Contamination Source Management 
• Public Education and Outreach 
• Reporting and Evaluation 
• Water Use and Contingency Strategy 

 
9.3 Establishing Priorities  
WHP measures reflect the administrative, financial, and technical requirements needed to address the 
risk to water quality or quantity presented by each type of potential contamination source.  Not all of 
these measures can be implemented at the same time, so the WHP team assigned priority to each.  A 
number of factors must be considered when WHP action items are selected and prioritized 
(part 4720.5250, subpart 3): 

• Contamination of the public water supply wells by substances that exceed federal drinking water 
standards 

• Quantifiable levels of contamination resulting from human activity 
• The location of potential contaminant sources relative to the wells. 
• The number of each potential contaminant source identified and the nature of the potential 

contaminant associated with each source 
• The capability of the geologic material to absorb a contaminant 
• The effectiveness of existing controls 
• The time required to get cooperation from other agencies and cooperators 
• The resources needed:  staff, money, time, legal, and technical 
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Based upon the factors listed above, the WHP team has identified WHP measures that will be 
implemented by the city over the 10-year period that this plan is in effect and assigned an appropriate 
priority ranking.  
 
The objective that each measure supports is noted as well as 1) the lead party and any cooperators, 2) the 
anticipated cost for implementing the measure and 3) the year or years in which it will be implemented.  
The following table lists each measure that it will implement over the ten-year period that the city’s 
WHP plan is in effect, as well as the priority that it has assigned to each measure.  
 
 
 

Table 10 - WHP Plan of Action  

M
ea

su
re

 
Pr

io
rit

y Public Education and Outreach  
 

O
bj

ec
tiv

e 
A

dd
re

ss
ed

 

City Measure 
Unless 

Cooperator is 
Noted 

C
os

t 

Implementation time frame 

20
17

 
20

18
 

20
19

 
20

20
 

20
21

 

20
22

 
20

23
 

20
24

 
20

25
 

20
26

 

1 
H

ig
h 

The City of Pelican Rapids will notify the residents and businesses 
in Pelican Rapids that the City has an approved wellhead 
protection plan and share with them the general themes included 
in the plan.  The City will share this information through a city 
newsletter article and through a direct mailing to the landowners 
with potential contaminant sources within the DWSMA that do 
not receive the city newsletters.  Direct traffic to the city website 
for educational materials/bmps.  

A MDH, 
MRWA $1

00
 

•          

2 
H

ig
h 

Place WHP educational materials and Best Management Practices 
factsheets on the city website.  Information is available via the 
MN Rural Water website.  The BMP factsheets will include topics 
such as; well management, storage tank management, hazardous 
waste materials management and agricultural chemical storage and 
prep management etc… 

A MDH, 
MRWA $4

00
 

• •         
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Pr

io
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y 

Potential Contaminant Source Management  

O
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tiv

e 
A
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City Measure 
Unless 

Cooperator is 
Noted 

C
os

t 

Implementation time frame 

20
17

 
20

18
 

20
19

 
20

20
 

20
21

 

20
22

 
20

23
 

20
24

 
20

25
 

20
26

 

3 
H

ig
h 

Promote the implementation of Conservation Reserve Program 
(CRP) and other conservation programs which are available via 
USDA and other state and local agencies to farmers within the 
DWSMA.  Apply for a SWP grant to possibly help provide 
financial incentive payments or help cover seeding cost for willing 
landowners if requested by the SWCD.  Items such as the 
“Cropland Conservation Practices for Protect Drinking Water” 
booklet as well as other educational materials are available via 
MRWA, MDA and the local USDA Service Center. 
 

B 

USDA, Otter 
Tail Co. 
SWCD, 
MRWA, 

MDA 

$5
,0

00
 - 

$1
0,

00
0 

 • As Needed 

4 
H

ig
h 

Promote the sealing of abandoned or unused wells and the proper 
management of active wells within the DWSMA.  Provide 
educational materials to all well owners (identified in the PCSI) on 
how to manage private wells.   

B MDH 

$5
,0

00
 

 •         
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M
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Pr

io
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y 

Potential Contaminant Source Management  
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e 
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City Measure 
Unless 

Cooperator is 
Noted 

C
os

t 

Implementation time frame 

20
17

 
20

18
 

20
19

 
20

20
 

20
21

 

20
22

 
20

23
 

20
24

 
20

25
 

20
26

 

5 
Lo

w
 

Cooperate with MDH and DNR Hydrologists as requested to help 
assess any potential impacts on the public water supply well(s) or 
aquifer if a high capacity well is proposed within the DWSMA or 
1 mile of the DWSMA boundary.  If impacts are identified, 
cooperatively work with the high capacity well owner, DNR and 
MDH Hydrologist to identify and resolve any potential negative 
impacts.     

B MDH, DNR 

St
af

f T
im

e 

As Needed 

6 
Lo

w
 

Notify MDH of the location of any Class V wells which are 
inventoried in the future. 

B MDH, EPA 

St
af

f T
im

e 

As Needed 

7 
H

ig
h 

Mail the County Highway Department, MN DOT and Pelican 
Township a map of the DWSMA and ask that they take into 
consideration this area when they are conducting road construction 
or maintenance projects (i.e. storm water devices, fuel and 
construction equipment management and maintenance, chemical 
use, etc.).  This is especially important within the Inner Wellhead 
Management Zone and the high vulnerability area of the WHPA. 

B 

Otter Tail 
County 

HWY, MN 
DOT, Pelican 

Twp. St
af

f T
im

e 

 •         

8 
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 Contact the MPCA and ask the Storage Tanks program to notify 

the city when changes are made to storage tanks within the 
DWMSA and communicate the risk to the city of any storage 
tanks or leaky storage tank sites.  

B MPCA 

St
af

f T
im
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 • 
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9 
M
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 The City will partner with Otter Tail County and host a household 

hazardous waste pickup event.  
B Otter Tail 

County 
St

af
f T

im
e 

• • • • • • • • • • 

10
 

H
ig

h 

Request technical and financial assistance from MDH for locating, 
prioritizing and properly sealing of unused or abandoned (private 
and old municipal) wells located in the DWSMA. Apply for MDH 
grant to seal wells in the DWSMA deemed to be a risk to the 
aquifer used by city.  Complete the work once grant funds have 
been secured. 

B MDH 

$1
0,

00
0 

• • •        

11
 

H
ig

h 

Provide educational materials regarding the proper management of 
aggregate mining pits and associated practices to the owners of the 
aggregate mining businesses in the DWSMA.  Educational 
materials are available via MRWA, MDH (Issue Papers) and 
MPCA.  Explore the option of applying for a grant to provide 
incentives for reclamation and proper management of the gravel 
pits etc… 

B 

MRWA, 
MDH, 

Township, 
MPCA 

$5
,0

00
 

 • • 
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H
ig

h 

It is always difficult to foresee or plan for the future.  The City 
will use its planning and management capabilities within this plan 
to help respond to new/unknown source water protection issues 
that may impact the quality or quantity of its drinking water in the 
future.  

B  

St
af

f T
im

e 

As Needed 
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y Land Use Management  
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City Measure 
Unless 

Cooperator is 
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Implementation time frame 

20
17
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H
ig

h 

The City will assess their land use controls and ordinances to 
determine if there are areas where better protection for the 
drinking water supply could be provided.  
 
Example – Adoption of a private well ordinance  

G City Council 

St
af

f T
im

e 

 
  •
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H
ig

h 

Continue to develop and maintain the good line of communication 
between the City, Otter Tail County and Pelican Township in 
order to remain abreast of any land use changes which are pending 
within the City’s DWSMA.  Send a letter to the County and 
Township requesting the formal opportunity to provide comments 
on pending landuse changes within the DWSMA.  Some examples 
include evaluating the placement of new structures, septic 
compliance etc… 

G 
Otter Tail 

Co., 
Pelican Twp. 

St
af

f T
im

e 

 
  •
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H
ig

h 

Request the County and Township review their existing land use 
ordinances to determine if appropriate measures are in place to 
protect drinking water sources.  If the land use ordinance lacks 
sufficient measures to protect drinking water supplies assist the 
County and Township in helping to develop protective ordinances 
and measures.  If they do not have any land use ordinances 
encourage them to consider drinking water protection when or if 
they adopt land use controls. MDH, MRWA and League of MN 
Cities can provide assistance in this effort.  

G 

Otter Tail 
Co., Pelican 
Township, 

MDH, 
MRWA, 

League of 
Cities 

St
af

f T
im

e 

 
  •
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y IWMZ Management  
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Cooperator is 
Noted 
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Implementation time frame 
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25
 

20
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H
ig

h 

Implement the WHP Measures and Findings in the current and 
future IWMZ Inventories.  

B, E MDH 

St
af

f T
im

e 

      •
 

    • 
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H
ig

h 

Work with MDH to ensure that setback distances for new potential 
contamination sources are met.  

B, E MDH 

St
af

f T
im

e 

On-going 

18
 

H
ig

h 

Assist MDH staff in completing future Inner Wellhead 
Management Zone Inventories for the public water supply wells. 
 B, E MDH 

St
af

f T
im

e 

  •   •   •  
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y Data Collection  
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City Measure 
Unless 

Cooperator is 
Noted 

C
os

t 

Implementation time frame 

20
17

 
20

18
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20

25
 

20
26
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H
ig

h 

Re-sample Wells 7, 8, 9, 13, and 15, (or whatever primary wells 
exist at the time) during year six of plan implementation for 
vulnerability parameters determined in consultation with MDH 
(probably tritium, chloride, bromide, nitrate and ammonia); 
contingent on funding assistance from MDH for sampling and 
analysis. It is likely that MDH will provide sample bottles, but the 
city may need to collect the samples and ship them to MDH.  
Sampling will occur if funding is available via MDH. 

C 

MDH 
Otter Tail Co. 

SWCD 
MDA 

MRWA St
af

f T
im

e 

     •     

20
 

H
ig

h 

MDH will provide well logs for any new wells drilled between 
2013-2022, within two miles of the DWSMA in year 8 of plan 
implementation.  The city will conduct a table top exercise to 
determine if the well logs are associated with the right locations.  

C MDH 

St
af

f 
Ti

m
e        •   

21
 

H
ig

h 

The City will work cooperatively with MDH to identify the 
following high priority wells identified by the MDH Hydrologist. 

1) 102013, Pelican Rapids, 120’deep 
2) 102014, City of Pelican Rapids, 120’deep 
3) 102015, City of Pelican Rapids, 120’ deep 
4) 102049, City of Pelican Rapids, 120’ deep 
5) 568221, Mw#1 Park Region Co-op, 50’ deep 
6) 574571, Smith, Wayne, 152’ deep 
7) 679745, Johnson, Ed, 80’ deep 
8) 740292, Innovative Construction, 130’ deep 
9) 753267, Pelican Rapids, 431’ deep 
10) 796223, Erickson, Randy, 87’ deep 

C MDH 

St
af

f T
im

e 

      • •   
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Pr
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y Emergency Contingency Planning 
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City Measure 
Unless 

Cooperator is 
Noted 

C
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Implementation time frame 
20
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20
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20
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H
ig

h 

Request assistance from the MPCA and County Emergency 
Response staff to help develop a spill response plan for the City 
which the Fire Department and First Responders can incorporate 
into their existing emergency response plan.  

F 

MPCA, Otter 
Tail County, 

Fire Dept. and 
First 

Responders  

$1
,0

00
 

   •       

23
 

H
ig

h 

Explore the option of providing training to local First Responders 
to enable them to be better prepared to respond to emergencies 
which directly affect the City’s drinking water supply (i.e. spills 
etc…).  Purchase necessary equipment for the First Responders to 
enable to address events which might pollute the City’s drinking 
water.   

F 

MPCA, Otter 
Tail County, 

and First 
Responders $5

00
 - 

$1
,0

00
 

   •       

24
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Update the Water Supply Plan 

F  

St
af

f T
im

e 

        •  
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25
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Contact the county to see if they will include the DWSMA map in 
the county dispatch manual. 

F Otter Tail 
County 

St
af

f T
im

e 

     •     

26
 

H
ig
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The city will assess their backup power situation and explore the 
option of applying for a MDH WHP grant to purchase a generator 
and install the necessary wiring to power their wells during 
extended periods of power outages.  If the grant is awarded the 
city will complete the project. 

(1) The city will apply for a grant to install the necessary 
wiring as the first step. 

(2) The city will apply for a grant to purchase a generator as 
the second step. 

F MDH 

$1
0,

00
0 

 • •        

 
 
 
 
 

Evaluation and Reporting – Implementation Action Items 
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Cooperators C
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Implementation Time Frame 

20
17

 
20
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M
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 Implementation, Tracking and Reporting Activities 
Maintain a “WHP folder” that contains documentation of WHP 
activities you have completed.  

 
D MDH, 

MRWA 

St
af

f  
Ti

m
e 

• • • • • • • • • • 

A
ct
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n 

28
 

H
ig

h 

WHP Program Evaluation Plan Reporting: 
Complete an Evaluation Report every 2.5 years that evaluates the 
“progress of plan of action and the impact of a (any) contaminant 
release on the aquifer supplying the public water supply well” MN 
WHP Rule 4720.5270.   This evaluation will be mailed to the 
MDH Planner upon completion.  This evaluation is available on 
the MRWA website. 

D MDH, 
MRWA 

St
af

f T
im

e 

  •   •   •  

 
 
9.4 Commitments from Co-Operators 
The agencies listed in Table 10 have indicated that they will support the City of Pelican Rapids with 
implementing the WHP measure(s) in which they are identified.    
 
Agency Name – Measure Number Agency Name – Measure Number 
MDH – 1, 2, 4, 5, 6, 11, 15, 16, 17, 18, 19, 20, 26, 27, 28 Otter Tail County – 7, 9, 14, 15,  22, 23, 25 

MRWA -1, 2, 3, 11, 15, 19, 27, 28 Otter Tail County SWCD – 3, 19 

MN DNR – 5 Environmental Protection Agency – 6, 14 

Fire Dept & First Responders – 22, 23 MPCA – 8, 11, 22 



 
 

23 
 

MN Dept. of Ag. – 3, 19 USDA – 3 

MN DOT – 7 Pelican Township – 7, 11, 14, 15 

League of Cities – 15  

 
 
Chapter 10:  Evaluation Program 
Plan evaluation is specified under Objective D and provides the mechanism for determining whether 
WHP action items are achieving the intended result or whether they need to be modified to address 
changing administrative, technical, or financial resource conditions within the DWSMA.  Evaluation is 
used to support plan implementation and is required under Minnesota Rules, part 4720.5270, prior to 
amending the city’s WHP plan.  The city has identified the following procedures that it will use to 
evaluate the success of implementing its WHP plan:    

1. An annual briefing to the city council will provide the basis for documenting whether each action 
step for that year was implemented. 

2. The WHP team will meet at a minimum every two and one half years to assess the status of plan 
implementation and to identify issues that impact implementation of action steps throughout the 
DWSMA. 

3. The city will assess the results of each action item that has been taken annually to determine 
whether the action item has accomplished its purpose or whether modification is needed.  
Assessment results will be presented in the annual report to the city council. 

4. The city will prepare a written report that documents how it has assessed plan implementation 
and the action items that were carried out.  The report will be presented to MDH at the first 
scoping meeting that it will hold with the city to begin amending the WHP plan.  

 
 
Chapter 11:  Contingency Strategy 

The WHP plan must include a contingency strategy that addresses disruption of the water supply that is 
caused either by contamination or mechanical failure.  The city has a DNR approved Water Supply Plan.  
The approval documentation is included in the Appendix IV of this plan.   
 
Chapter 12:  Glossary of Terms  
Conjunctive Delineation.   A WHP area that is defined by two components consisting of 1) the capture zone for a 
well that is based on generating flow pathlines within the subsurface area(s) of contribution and 2) a surface area 
that may contribute recharge to the capture zone. 
Data Element.   A specific type of information that is required by the Minnesota Department of Health to prepare 
a wellhead protection plan.  

Drinking Water Supply Management Area (DWSMA).   The surface and subsurface areas surrounding a public 
water supply well, including the WHP area, that must be managed by the entity identified in the WHP plan. 
(MR4720.5100, subpart 13).  This area is delineated using identifiable landmarks that reflect the scientifically 
calculated WHPA boundaries as closely as possible. 
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Emergency Response Area (ERA).  The part of the WHP 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. 

Emergency Standby Well.   A well that is pumped by a public water supply system only during emergencies, 
such as when an adequate water supply cannot be achieved because one or more primary or seasonal water supply 
wells cannot be used.  

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 City of Pelican Rapids must manage the IWMZ to help 
protect it from sources of pathogen or chemical contamination that may cause an acute health effect.  

Nonpoint Source Contamination.   Contamination of the drinking water aquifer caused by polluted runoff or 
pollution sources that cannot be attributed to a well-defined origin, e.g., runoff from agricultural fields, feedlots or 
urban areas.  

Point Source Contamination.   Contamination of the drinking water aquifer attributed to pollution arising from a 
well-defined origin, such as discharge from a leaking fuel tank, a solid waste disposal site, or an improperly 
constructed or sealed well. 

Primary Water Supply Well.   A well that is regularly pumped by a public water supply system to provide 
drinking water. 

Seasonal Water Supply Well.   A well that is only used to provide drinking water during certain times of the 
year. either when pumping demand cannot be met by the primary water supply well(s), or for a facility, such as a 
resort, that is closed to the public on a seasonal basis. 

Vulnerability.   The likelihood that one or more contaminants of human origin may enter either 1) a water supply 
well that is used by the City of Pelican Rapids or 2) an aquifer that is a source of public drinking water.  

WHP 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).   

WHP Plan Goal.   An overall outcome of implementing the WHP plan, e.g., providing for a safe and adequate 
drinking water supply. 

WHP Measure.   A method adopted and implemented by a City of Pelican Rapidsto prevent contamination of a 
public water supply, and approved by the Minnesota Department of Health under Minnesota Rules, parts 
4720.5110 to 4720.5590. 

WHP Plan Objective.   A capability needed to achieve one or more WHP goals, e.g., implementing WHP 
measures to address high priority potential contamination sources within 5 years. 
 

Chapter 13:  References 

References are located in Appendix II 
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Appendices 
 

Appendix I - Assessment of Data Elements 
Used to Prepare This Plan 
 
Appendix II - WHPA and DWSMA Delineations and 
Vulnerability Assessments  
 
Appendix III – Potential Contaminant Source Inventory 
 
Appendix IV Contingency Strategy  
 
Appendix V - Required Documentation 



 
 

 
 

APPENDIX I Assessment of Data Elements 
Used to Prepare This Plan 

 
The following data elements were identified by the MDH to be used in the WHP plan and were 
specified in the scoping decision notices that were presented to the city of Pelican Rapids.  The 
selection of a data element for inclusion in the plan is based on 1) the hydrogeological setting 2) 
vulnerability of the wells used by the city of Pelican Rapids, and 3) vulnerability of the DWSMA 
known at the time that each scoping meeting was held.  Each data element is assessed for its impact 
on 1) the use of the public water supply well, 2) delineation of the WHPA, 3) the quality and quantity 
of water supplying the public water supply well, and 4) land and groundwater uses within both the 
moderate and highly vulnerable in the DWSMA. 
 
 
 
I. Data Elements Relating to the Physical Environment 
 
Precipitation - Synopsis of Available Data:  Precipitation data from the city’s wastewater plant is 
included as an exhibit in Appendix V of this plan and includes information from the years 2010 – 
2015.  The data shows an annual average for Otter Tail County to be 26 inches, with the majority of 
the precipitation falling in the late spring to late summer months.  
 

Geology and Soils - Synopsis of Available Data:  Existing geological maps, reports, and studies that 
were used are for this plan is listed in the “Selected References” section of Appendix II.  Soils 
information was obtained from the Otter Tail County soil survey (Harms, 1965) that was prepared by 
the U.S. Natural Resource Conservation Service (http://datagateway.nrcs.usda.gov/).  This 
information is part of Appendix V as an exhibit and was used to refine the understanding of the 
surficial geology and used in conjunction with other geologic and groundwater quality data to define 
the DWSMA vulnerability.  A comprehensive discussion of the soils and geologic information’s 
impact on the DWSMA is included in Appendix II. 
 
Water Resources - Synopsis of Available Data:  The sources and application of the required water 
resource data collected for use in this plan is described at length in Appendix II. The Pelican Rapids 
DWSMA is locating within the Red River and Ottertail River Major Watersheds and has the Pelican 
River running through the southern end of the low vulnerable DWSMA. Prairie Lake is the only lake 
located within the DWSMA and there are a few wetlands located within the highly vulnerable 
wellhead protection area.  There are no identified public drainage ditches or protected waters 
identified within the highly vulnerable portions of the DWSMA. 
 
Assessments of the Physical Environment Data and Their Impact On The Following: 
(a)   Use of the PWS Wells:  According to the data collected, the amount of precipitation 
received is adequate to provide recharge to the city’s wells and to meet current demand. 
The soils information provides insight into the pathways that recharging water takes to enter the 
aquifer.  Soils and geology in the Pelican Rapids DWSMA influence vertical recharge of the 
precipitation to the aquifer. Factors such as rainfall intensity, soil type, slope, vegetation, thickness 
of soil cover over bedrock, and bedrock characteristics influence the rate and amount of precipitation 
or surface water that infiltrates to the aquifer. The areas that are designated as highly vulnerable--
where there is little soil cover over the bedrock, o r fractured bedrock over the aquifer and where 
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more coarsely-grained soils are present-- infiltration reaches the aquifer more quickly.  Precipitation 
is less of an issue in the area of the DWSMA that are designated as having low vulnerability.  It is 
thought that the water resources data element information has no direct impact on the use of the 
PWS wells. 
 
(b)   Delineation of the WHPA: Precipitation provides recharge from surface water infiltration that 
influences the size of the WHPA and affects the use of the wells and the amount of groundwater 
that can be pumped without damage to the aquifer and surface water resources.  The soils and 
geologic information was used to address aquifer transmissivity and hydrologic boundaries 
delineation criteria and was the principal information used to assess DWSMA vulnerability, of 
which it was determined that there are high and low vulnerable areas within the protection area.  
Also, since there are permeable soils at the surface, it is expected that precipitation and runoff from 
upland areas will infiltrate to the aquifer used by the city.  Because of these factors, a surface water 
contribution area (SWCA) was delineated that includes any topographically higher area that may 
contribute runoff to the capture zones (See Appendix II, Figures). Specific water resources data 
element information was used to identify surface water hydrologic features that define hydrologic 
boundaries impacting delineation of the WHPA and the vulnerability of the DWSMA. 
 
(c)  Quality and Quantity of Water Supplying the PWS Wells:  Precipitation data is used as an input 
for predicting nitrate leaching from agricultural fields to aid in prioritizing areas that  need increased 
nutrient management within the DWSMA.  The areas within the DWSMA that are characterized as 
highly vulnerable have a greater potential to be impacted from vertical infiltration from precipitation 
and surface water runoff from the SWCA. The geologic and soils information provides insight into the 
pathways that recharging water takes to enter the aquifer.  
 
(d)   Land and Groundwater Uses With In the DWSMA:  Precipitation, when used to assess 
contaminant loading to the aquifer, affects the use of land and groundwater resources within the 
DWSMA because it is influencing potential contaminant loading to an aquifer. The geologic and 
soils information was used to determine the vulnerability of the aquifer to contamination from land 
use activities in the DWSMA.  For those areas in the DWSMA that are highly vulnerable, an 
inventory of all land uses in this area (both presently occurring and historical) should be included, 
and  management strategies developed in this plan to address the level of risk, as determined by the 
wellhead protection team, to the groundwater supply posed by each relevant potential contaminant 
source identified.  Those areas within the DWSMA that are categorized as having low vulnerability 
due to a the increased level of protection provided by soils and geologic features as compared with 
the areas designated as highly vulnerable-- should identify land use sources which penetrate the 
geologic protection (wells and Class V wells).  Non-point runoff is extremely important to manage 
in the SWCA due to the ability of area to provide runoff laden in pollutants to the highly vulnerable 
area of the DWSMA where vertical infiltration near the wells occurs.  Water resources information 
affects the use of land and water resources within the DWSMA because it defines regulations that 
are in place to assist with managing 1) the uses for surface water and 2) potential contamination 
sources that may contribute contaminants to the aquifer used by the city of Pelican Rapids.  Shore 
land classifications and Land Use/Zoning regulations can affect the management of the DWSMA 
because they offer a tool to help manage landuses within the DWSMA.  The city of Pelican Rapids 
can work with Otter Tail County’s administrators and Township Officials who possess the 
authority to restrict or prohibit future potential contamination sources that may introduce 
contamination into groundwater by recharge from surface water features, especially within the 
highly vulnerable areas within the DWSMA. 



 
 

 
 

 

II. Data Elements Relating to the Land Use 
 
Land Use – Synopsis of Available Data: The Pelican Rapids DWSMA is located in Otter Tail County.  
While a small portion of the DWSMA includes land that is outside the Pelican Rapids city limits 
(Pelican Township), the vast majority is located within corporate limits.  Existing maps of political 
boundaries and parcel boundaries are required to be included in this plan and can be found as exhibits 
in Appendix V.  Information pertaining to parcel boundaries, fence lines, U.S. Public Land Survey 
coordinates, as well as the center lines of roads were obtained from the Otter Tail County. 
 
 
The 2011 land use map from the National Land Use Database (Appendix V), and the existing Pelican 
Rapids Zoning map (Appendix V) were analyzed to determine local land uses.  The comprehensive 
land use map was also included in Appendix V. Current land use within the DWSMA includes 
agricultural production, commercial businesses, and rural and urban residential, with the majority of 
the land in the DWSMA being agricultural production. 
 
Maps and data tables containing information about historical and current land uses and potential 
contaminant sources located within the DWSMA are incorporated in the potential contaminant 
source inventory (PCSI) and inner wellhead management zone (IWMZ) surveys for the Pelican 
Rapids wells in Appendix III of this plan.  As a result of the soils and geologic information available 
and used in the development of the DWSMA and assessment of the vulnerability, the potential 
sources of contamination for the highly vulnerable area include all land uses occurring, due to the 
lack of protective cover over the ground water aquifer and its greater susceptibility to impact.  In the 
areas identified in the DWSMA to be low vulnerable, having some degree of protection of the 
drinking water aquifer, only wells and Class V wells were required to be included in the inventory.  
The IWMZ surveys identified some potential sources of contamination within the 200-foot radius of 
either city well that will require the attention of the city to ensure they do not pollute the 
drinking water (Appendix III).  The land use information gathered during the PCSI indicates that 
there are the following potential contaminant sources within the DWSMA for consideration of this 
plan:  domestic wells in the areas not served by the Pelican Rapids municipal system, agricultural 
crop production lands where nitrogen fertilizers may/are used, potential residential sites where 
unused/unsealed wells may be located, underground storage tanks for petroleum products, hazardous 
waste generators and leaking underground storage tank (LUST) sites to name a few. 
 
Public Utility Services – Synopsis of Available Data:  Information in Appendix V relating to the 
public utility services indicate that the portion of the DWSMA located with the city are equipped 
with municipal sanitary sewer services, water services and a storm water collection system.  The area 
located in the DWSMA, but outside the city does not have municipal utility services and must rely 
on private domestic wells and individual sewage treatment systems for their water source and 
sanitary sewage treatment.  Information pertaining to the construction and maintenance of the public 
water supply wells is included in Appendix II (Tables 1-4).  State Highway 59 and County Highway 
9 runs through or along the edge of the highly vulnerable portion of the DWSMA and heavy 
commercial traffic carrying many different kinds of potentially hazardous materials over it. 
 
There are no public drainage ditches, or natural gas and oil pipelines located within the DWSMA. 
 
 
 
 



 
 

 
 

Assessments of the Land Use Data and Their Impact On The Following: 
(a)   Use of the PWS Wells:  Information relating to the parcel boundaries, public land survey 
coordinates, center lines of roads have no direct impact on the use of the public water supply wells. 
 
Priorities assigned to the action steps in the plan are based on information relating to the 
comprehensive land use and zoning maps and can impact the use of the Pelican Rapids wells by using 
the information as a tool to direct land use activities that can either increase, or decrease the amount of 
water required to be produced by the city wells. 
 
Information relating to the potential contaminant sources within the DWSMA have the ability impact 
the use of the PWS wells in the event that the sources begin to contribute contaminants to the ground 
water aquifer that begin appearing in ground water monitoring results.  Ground water contamination of 
the aquifer that the city utilizes for their drinking water may result in the necessity to limit use of a 
well, or discontinue the use of the well altogether. 
 
The distribution of the public water supply system, specifically the amount of water storage and 
treatment capabilities, affects the amount of pumping that is needed to meet water supply needs and to 
maintain potability standards. 
 
(b)  Delineation of the WHPA:  Information relating to the parcel boundaries, public land survey 
coordinates, and centerlines of roads have no impact on the delineation of the WHPA. 
 
The public water supply distribution system influences the number of wells that must be pumped 
to meet water demands of the public, which affects the boundaries of the WHPA and emergency 
response area (ERA). 
 
The pumping of the city’s wells affects the delineation of the WHPA because the pumping 
amount is a delineation criterion. 
 
(c)  Quality and Quantity of Water Supplying the Wells:  Information relating to the parcel 
boundaries, public land survey coordinates, and center lines of roads have no impact on the 
quality and quantity of water supplying the Pelican Rapids wells. 
 

The information in Appendix V relating to the comprehensive land use and zoning maps provides the 
basis for defining the types of potential contamination sources that may or do impact the quantity and 
quality of the well water used by the public water  supply. 
 
Information about land uses within the PCSI is important to the quality of the water supplying the 
city’s wells because it includes locations and data about potential contaminant sources within the 
DWSMA have the ability to introduce contaminants into the drinking water aquifer that the city uses as 
its drinking water source.  The highly vulnerable portions of the DWSMA are more susceptible to 
contamination from land use activities, and therefore more likely to have a greater impact on the 
quality of the city’s drinking water than land uses within the low vulnerable areas. 

 
The information related to the transportation routes and corridors, sanitary sewer system, and the lack 
of a municipal storm water collection system can all be considered potential contaminant sources, and 
have the ability to impact the city’s quality and quantity of drinking water. 



 
 

 
 

 
(d)  Land and Groundwater Uses In the DWSMA:  Information relating to the parcel boundaries, 
public land survey coordinates, and center lines of roads have impact on the land and groundwater uses 
in the DWSMA because they define where the WHP plan will be implemented. 
 
The comprehensive land use and zoning maps affect land and water use within the DWSMA because 
they provide a basis for limiting future land uses that may be incompatible with ordinances of planning 
goals.  As such, they may be used for denying new potential contamination sources or imposing 
performance standards that affect the use of existing or new public water supply wells and the quantity 
and quality of the well water used by the city of Pelican Rapids.  The effective use of these tools will be 
most critical in the highly vulnerable areas of the DWSMA where the aquifer being used for the city’s 
drinking water source may be more susceptible to contamination from land uses. 
 
Information about land uses within the PCSI is important to the land and groundwater uses within the 
DWSMA because the inventory identifies locations of various land uses that have been known to 
contribute to ground water contamination. The city is able to use the inventory, in conjunction with 
land use controls at the City, to reduce the likelihood of seeing an impact to their drinking water from 
these potential contaminant sources. In the highly vulnerable areas of the DWSMA where land use 
activities have the potential to impact the city’s drinking water, the city can use the land use and zoning 
maps along with existing zoning ordinances to disallow certain land uses, or direct land use activities to 
areas that will see less impact to the groundwater quality, or place restrictions on land use permits in 
order to prevent contamination from activities to occur. Low vulnerable areas will be influenced by 
zoning requirements and State Statue dealing with the well code. 
 
The transportation routes and corridors, municipal sanitary sewer system, individual septic systems 
and wells etc….all represent potential contamination sources.  As such, they may limit future land 
and groundwater uses because of historical contamination releases or the risk that they may present to 
public health and safety. 
 
 

III. Data Elements Relating to Water Quantity Information 
 
 
Surface and Ground Water Quantity Information – Synopsis of Available Data: Information 
relating to water quantity was obtained for both surface and groundwater resources during the 
WHPA delineation efforts and is contained and discussed in detail in Appendix II. 
 
High, Mean, and Low Flow Rates of Streams – Synopsis of Available Data: No streams are 
located within the highly vulnerable DWSMA.  
 
Lakes (Defined High Water Marks), Surface Water Withdrawals, and Lakes and Streams 
(State- Defined Levels or Flows) – Synopsis of Available Data:  There are no streams or lakes 
located within the highly vulnerable DWSMA. 
 
A List of Wells Covered by State Appropriations Permits, Including the Amounts of Water 
Appropriated, Type of Use, and Aquifer Source – Synopsis of Available Data: The City of 
Pelican Rapids provided the information describing pumping for the water supply wells over the 
previous five years, and the projected pumping for the first five years of plan implementation.  The 



 
 

 
 

total, annual pumping volumes of high-capacity wells in the Pelican Rapids area were obtained from 
the State Water Use Data System (SWUDS) which is maintained by the DNR.  SWUDS data, 
combined with well construction records in the County Well Index (CWI), were used to identify other 
high-capacity wells that may need to be included in the delineation process because they constitute a 
flow boundary. Existing data used for the development of this plan is contained in Appendix II. 
 
Well Interference Problems and Water Use Conflicts – Synopsis of Available Data:  Information 
pertaining to this topic was searched for during the WHPA delineation process.  There are no known 
well interference problems or water use conflicts were reported by Pelican Rapids or the DNR. 
 
State Environmental Bore Holes and Related Information –Synopsis of Available Data:  
No existing environmental borehole information was identified within the DWSMA or used for 
the delineation of the WHPA. 
 
Assessments of the Water Quantity Data and Its Impact On The Following: 
(a)   Use of the PWS Wells:  Water quantity (both surface and groundwater) data impacts the use of the 
public water supply well because a maximum annual amount for the public water supply system is 
specified under the DNR appropriations permit. 
 
Information related to the pumping of high-capacity wells in or near the DWSMA may impact the use 
of the Pelican Rapids wells because the use of the high-capacity wells has the ability to influence the 
direction of flow of groundwater as well as existing contaminant plumes in an area.  If an area near the 
city’s wells becomes contaminated, the city may be required to change the current use of the wells to 
slow the progression of a plume towards the city’s wells, or prevent a contaminant plume from 
entering the drinking water supply. 
 
(b)  Delineation of the WHPA:  Water quantity (both surface and groundwater) data 
impacts the WHPA delineation because the pumping amounts are used to calculate the daily well 
discharge, which is a WHPA delineation criterion. 
 
Data relating to the high, mean and low flow rates of streams affects the delineation of the WHPA 
because it is used to 1) determine the interconnectivity between surface water and the aquifer used by 
the Pelican Rapids wells, and 2) calibrate the groundwater model that was used to delineation the 
WHPA.  Also, the interaction between surface water and the aquifer that is used as the source of 
drinking water affects the vulnerability of the wells and DWSMA.  There are areas of both high and 
low vulnerable areas within the Pelican Rapids DWSMA. 
 
Information related to the pumping of high-capacity wells is used for the delineation of the WHPA 
because it may present a flow boundary (which is a delineation criterion), and may affect the 
movement of groundwater flow in an area. 
 
 
 
(c)  Quality and Quantity of Water Supplying the Wells:  Water quantity (both surface and 
groundwater) may only indirectly affect the future quantity and quality of the water from the public 
water supply wells, if at all. 
 
The data related to the pumping of high-capacity wells in or near the DWSMA has the ability to 
impact the quality and quantity of water supplying the city’s wells because 1) the amount of water 



 
 

 
 

being pumped by these high-capacity wells have the ability to affect the static water levels of the 
aquifer, and 2) the pumping of these wells can influence the direction of ground water flow and the 
direction of flow of existing contaminant plumes. 
 
(d)  Land and Groundwater Uses Within the DWSMA:  Water quantity (both surface and 
groundwater) data impacts the land and groundwater uses within the DWSMA because pumping may 
impact whether other wells or existing land uses may cause contamination of the aquifer or 
contamination to move toward the public water supply wells. 
 
Land and groundwater uses within the DWSMA may be influenced by the pumping of high- capacity 
wells in or near the DWSMA when recharge is less than withdrawal, such as during times of drought.  
The result of this would require that the city enact stricter water conservation measures for its system 
users, or may limit certain types of land uses with its jurisdiction in order to ensure that higher priority 
water users’ demands are satisfied. 
 
 
IV. Data Elements Relating to Water Quality Information 
 

 
Surface Water Quality Information – Synopsis of Available Data:  There is one surface water 
body within the DWSMA, Prairie Lake and through monitoring efforts during the original 
wellhead protection plan was determined not to be connected to the city’s drinking water supply.  
 
Ground Water Quality Information – Synopsis of Available Data:  The city has historically 
experienced safe drinking water which meets all drinking water standards (Consumer 
Confidence Report located in Appendix V. 
 
Assessments of the Water Quality Data and Its Impact On The Following: 
(a)   Use of the PWS Wells:  Information related to ground water quality is generally used to 
characterize the rate of recharge to the aquifer used by the city of Pelican Rapids for its drinking water 
supply, and the degree of hydraulic connection between it and surface hydrologic features. Also, the 
presence of human-made or naturally occurring contaminants may influence pumping of the public 
water supply well because pumping may impact the rate at which contamination may be moving into 
the aquifer. Furthermore, the level of contamination may require that the water be treated for potable 
use or be blended with other water to reduce contaminant levels to drinking water standards. 
 
(b)  Delineation of the WHPA:  Information related to ground water quality is used to assess the 
pathways that recharge takes to the aquifer which may impact the selection of methods that are used to 
delineate the WHPA and to assess well and DWSMA vulnerability. The presence of human-made 
contaminants is used to 1) calibrate a groundwater flow model by providing a means of checking travel 
time distance from the source of a contaminant to a public water supply well, and 2) assess the 
vulnerability of the well and the DWSMA.  The presence of naturally occurring contaminants is used 
to assess the extent that the source water aquifer is isolated from surface water recharge. 
 
(c) Quantity and Quality of Water Supplying the Wells:  Ground water quality data influences the 
quality of the water supplying the wells (especially in the highly vulnerable areas of the DWSMA) due 
to the ability of contaminants in the aquifer can be introduced on the land surface, infiltrate through 
the soils and reach the aquifer where it can travel, over time, and reach the city’s wells. 
 



 
 

 
 

(d)  Land and Groundwater Uses In the DWSMA:  The presence of human-made contaminants 
indicated by groundwater monitoring is used to identify potential sources of contamination should 
receive a high priority for inventory and for providing support that  is assigned to objectives and 
actions in the plan that manage these sources.   
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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, section 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  

CWI - County Well Index 

DNR - Minnesota Department of Natural Resources 

DPS – Department of Public Safety 

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 

MODFLOW – Three-Dimensional Finite-Difference Groundwater Model 

MPCA - Minnesota Pollution Control Agency 

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 
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Executive Summary 

This summary documents the amended delineation of the protection areas for the public water supply 
wells used by city of Pelican Rapids and includes an assessment of their vulnerability to 
contamination.  These were initially prepared in February of 2005 and must now be amended as the 
city’s wellhead protection plan has nearly expired. 

The recharge area for the wells is known as the wellhead protection area, or WHPA, and represents the 
area that contributes a 10-year pumping volume to the city’s wells.  The area represented by a one-year 
volume is known as the emergency response area, or ERA.  Practical reasons require the designation of 
a management area that fully envelops the wellhead protection area, called the drinking water supply 
management area, or DWSMA.  Each of these areas is shown in Figure 1.  Figure 8 shows how these 
areas have changed since they were originally delineated.  The changes are the result of the addition 
and subtraction of wells to the city’s water supply system (Table 1), changes in water use, and 
advances in hydrogeologic information and modeling tools. 

The city of Pelican Rapids uses one shallow well screened in a Quaternary Water Table Aquifer and 
four deep wells screened in a Quaternary Buried Artesian Aquifer.  The shallow well lacks sufficient 
natural geologic protection and is considered vulnerable to contamination.  The four deeper wells are 
sufficiently deep and well-constructed and are considered to have a low vulnerability to contamination.  
Available data suggest that high vulnerability exists in the DWSMA near the 10-year capture zone for 
the shallow well and that low vulnerability observed at the deep city wells is consistent throughout the 
rest of the DWSMA.  At present, none of the contaminants of concern for which the Safe Drinking 
Water Act has established standards are present in the city’s water supply. 

Where high vulnerability of the DWSMA exists the city of Pelican Rapids must be diligent in 
managing a variety of potential sources of contamination.  The low vulnerability over much of the rest 
of the DWSMA means that the chief contamination threats to the city of Pelican Rapids deep aquifer 
are other wells that reach or penetrate it.  Old and unused wells may provide a conduit for 
contaminants to short circuit the natural geologic protection and are considered a principal threat to the 
city’s drinking water source.   

The following report outlines the steps taken to delineate the city of Pelican Rapids WHPA, DWSMA 
and ERA. 



 

 2 

Introduction 

The Minnesota Department of Health (MDH) is amending Part I of the wellhead protection (WHP) 
plan at the request of the city of Pelican Rapids (PWSID 1560019).  The work was performed in 
accordance with the Minnesota Wellhead Protection Rule, parts 4720.5100 to 4720.5590. 

This report presents updates to the delineations of the wellhead protection areas (WHPAs) 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.  
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 one-year time of travel.   Definitions of rule-specific terms used are 
provided in the “Glossary of Terms.” 

In addition, this report documents the technical information required to prepare this portion of the 
WHP plan in accordance with the Minnesota Wellhead Protection Rule.  Additional technical 
information is available from MDH. 

Table 1 lists all the wells in the public water supply system, including those that have been removed 
since the last delineation.  Only wells listed as primary are required to be included in the WHP plan. 

Table 1 - Water Supply Well Information 
Local 
Well 
ID 

Unique 
Number 

Use/ 
Status1 

Casing 
Diameter 
(inches) 

Casing 
Depth 
(feet) 

Well 
Depth 
(feet) 

Date 
Constructed/ 

Reconstructed 
Aquifer2 Well  

Vulnerability 

Well 7 215513 P 12 x 10  388 420 1961 QBAA Not 
Vulnerable 

Well 8 215511 P 8 x 6 387 422 6/17/1964 QBAA Not 
Vulnerable 

Well 9 215512 P 16 x 12 387 422 8/7/1964 QBAA Not 
Vulnerable 

Well 
13 445082 P 12 78 108 10/2/1987 QWTA Vulnerable 

Well 
15 753273 P 12 380 420 8/14/2007 QBAA Not 

Vulnerable 
Well 
5A 241506 S 24 112 132 Sealed 

9/30/2010 QWTA Vulnerable 

Well 
10 241508 S 12 89 123 Sealed 

9/29/2010 QWTA Vulnerable 

Well 
11 241509 S 8 93 111 Sealed 

9/29/2010 QWTA Vulnerable 

Well 
12 144068 S 12 82 120 Sealed  

7/20/2010 QWTA Vulnerable 

Well 
14 629321 S 12 80 105 Sealed 

9/28/2010 QWTA Vulnerable 

Note: 1. Primary (P), Sealed (S) 
 2. Quaternary Buried Artesian Aquifer (QBAA), Quaternary Water Table Aquifer (QWTA) 
 3. Shaded wells removed from flow since last delineation 
 4. Bolded wells new since last delineation. 
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Assessment of the Data Elements 

MDH staff met with representatives of the city of Pelican Rapids on December 2, 2014, for a scoping 
meeting that identified the data elements required to amend Part I of the WHP plan.  Table 2 presents 
the assessment of these data elements relative to the present and future implications of planning items 
specified in Minnesota Rules, part 4720.5210.   

Table 2 - Assessment of Data Elements 
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Precipitation L L L L NOAA, USGS 
Geology 
Maps and geologic 
descriptions M H H H MGS, DNR, USGS 

Subsurface data M H H H MGS, MDH, 
Borehole geophysics M H H H None Available 
Surface geophysics L L L L None Available  
Maps and soil descriptions H H H H NRCS 
Eroding lands      
Water Resources 
Watershed units L L L L USGS, DNR 
List of public waters L L L L USGS, DNR 
Shoreland classifications      
Wetlands map L L L L USGS, NWI 
Floodplain map      
Land Use 
Parcel boundaries map L H L L Ottertail County 
Political boundaries map L H L L MnGEO, City 
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 L L L MnDOT, MnGEO 

Storm/sanitary sewers and 
PWS system map      

Oil and gas pipelines map L L L L DPS 
Public drainage systems map 
or list L L L L City, MnDOT, MnGEO 

Records of well construction, 
maintenance, and use H H H H City, CWI, MDH 
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Surface Water Quantity 
Stream flow data L L L L USGS 
Ordinary high water mark 
data L L L L USGS, DNR 

Permitted withdrawals      
Protected levels/flows L L L L USGS, DNR 
Water use conflicts  L L L L USGS, DNR 
Groundwater Quantity 
Permitted withdrawals H H H H DNR 
Groundwater use conflicts  H H H H DNR 
Water levels H H H H None Available 
Surface Water Quality 
Stream and lake water quality 
management classification      

Monitoring data summary L L L L MDH 
Groundwater Quality 
Monitoring data H H H H MPCA, MDH 
Isotopic data H H H H MDH 
Tracer studies H H H H None Available 
Contamination site data M M M M MPCA 
Property audit data from 
contamination sites      

MPCA and MDA 
spills/release reports M M M M MPCA 

 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 

Acronyms used in this report are listed on page ii, after the “Glossary of Terms.” 

General Descriptions 

o Description of the Water Supply System 

The city of Pelican Rapids obtains its drinking water supply from five primary wells.  Table 1 
summarizes general construction information and vulnerability status. 
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o Description of the Hydrogeologic Setting  

Pelican Rapids is located on the northern edge of the Alexandria Moraine complex.  This is a north-
south ridge of unconsolidated glacial materials deposited along the margins of several ice sheets that 
covered Minnesota during the last Ice Age (Quaternary Period).  These glaciers piled about 350 to 400 
feet of primarily clayey till with some sand layers above crystalline bedrock in the Pelican Rapids area.   

The city of Pelican Rapids draws groundwater from both a Quaternary Water Table Aquifer (shallow 
aquifer) used by Well 13 and a Quaternary Buried Artesian Aquifer (deep aquifer) used by Wells 7, 8, 
9 and 15.   These aquifers consist of discontinuous lenses of fine to coarse sand and gravel.  The water 
table aquifer is locally exposed at the land surface and otherwise has only limited geologic protection 
in the form of thin overlying clay-rich sediments.  The buried artesian aquifer is separated from both 
the land surface and the water table aquifer by clay-rich sediments that are sufficiently thick to provide 
it with a significant amount of geologic protection.  Locally, a review of logs for the city wells has 
determined an approximate thickness of 135 feet of semi-continuous sand exists in the shallow 
unconfined aquifer in which Well 13 is screened; whereas, a sand thickness of approximately 50-feet is 
identified at the deep aquifer wells.      

Regional groundwater flow in the shallow unconfined unit is southerly with apparent interaction with 
the Pelican River.   Regional groundwater flow in the deep confined unit is more south-westerly with 
the major drainage feature being the Red River approximately 30 miles southwest.        

A description of the hydrogeologic setting for the aquifers used to supply drinking water is presented 
in Table 3.  
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Table 3 - Description of the Hydrogeologic Setting 

Attribute Descriptor Data Source 

Aquifer Material Sand and Gravel Well Records and the CWI 
Database 

Porosity Type and Value Primary 20% Fetter, 2001 

Aquifer Thickness 
Variable: 12-160 ft (shallow 
aquifer), variable: 35-52 ft (deep 
aquifer) 

Well Records and the CWI 
Database 

Stratigraphic Top Elevation ~1,270 – 1,400 ft shallow aquifer 
~960 – 1,050 ft deep aquifer 

Well Records and the CWI 
Database 

Stratigraphic Bottom Elevation ~1,220 – 1,290 ft shallow aquifer 
~920 – 1,000 ft deep aquifer 

Well Records and the CWI 
Database 

Hydraulic Confinement Shallow aquifer is unconfined, deep 
aquifer is confined 

Well Records and the CWI 
Database 

Transmissivity  

Range of Values:    
376 – 74,520 ft2/day shallow 
aquifer 
182 – 8,611 ft2/day deep aquifer 

A range of transmissivity values 
was used to reflect changes in 
aquifer composition and thickness 
as well as uncertainties related to 
the quality of existing aquifer test 
data.  See Table 4 for the reference 
value. 

Hydraulic Conductivity 
Range of Values: 
10 – 552 ft/day shallow aquifer 
3 - 87 ft/day deep aquifer 

The range of values was derived 
using specific capacity data 
obtained from well records and/or 
from additional aquifer test results 
listed in the “Selected References” 
section of this report. 

Groundwater Flow Field 

Groundwater flow is southwesterly 
with an approximate compass 
direction of 190° and gradient of 
0.0009 in the shallow aquifer and 
westerly with an approximate 
compass direction of 235° and 
gradient of 0.0016 in the deep 
aquifer (Figures 2a and 2b).  

Defined by using static water level 
elevations from well records in the 
CWI database and documents listed 
in the “Selected References” 
section of this report.   

The distribution of the aquifer and its stratigraphic relationships with adjacent geologic materials are 
shown in Figures 3, 4, and 5.  They were prepared using well record data contained in the CWI 
database.  The geological maps and studies used to further define local hydrogeologic conditions are 
provided in the “Selected References” section of this report.  

Delineation of the Wellhead Protection Area   

o Delineation Criteria  

The boundaries of the WHPAs for the city of Pelican Rapids are shown in Figure 1.  Table 4 describes 
how the delineation criteria specified under Minnesota Rules, part 4720.5510, were addressed.  
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Table 4 - Description of WHPA Delineation Criteria 

Criterion Descriptor How the Criterion was Addressed 

Flow Boundary  

Pelican River, Prairie Lake, Lake 
Lizzie, Lake Lida, Pelican Lake, 
Tamarack Lake, Sand Lake and 
Buffalo River-Otter Tail River 
Watershed divide 

Lakes and rivers where added as head 
boundaries.  Buffalo River Watershed was 
added as a no flow boundary for the shallow 
aquifer. 

Flow Boundary Geologic boundaries 

Analysis of aquifer test and specific capacity 
data suggests that the transmissivity of both 
the shallow and deep aquifer systems varies 
with proximity to the city wells.  This was 
simulated in the model by the differing 
hydraulic conductivity spatially. 

Flow Boundary Other High-Capacity Wells 
Table 6 

The pumping amounts were determined 
using the same approach used for the public 
water supply wells and were included in the 
methods used for the delineation. 

Daily Volume of Water 
Pumped See Table 5 

Pumping information was obtained from the 
DNR, Groundwater Appropriations Permit 
No. 1973-4006, and 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.  Oneka was 
used to evaluate the uncertainty of the wells' 
capture areas based on the simplified 
conceptual model and regional flow, 
recharge and local well data.  

Aquifer Transmissivity 
(T) 

Reference Value:  
64,069 ft2/day shallow aquifer 
proximal to City Wells 
2,895 ft2/day deep aquifer 
proximal to City Wells 
4,936 ft2/day shallow aquifer 
distal to City Wells 
475 ft2/day deep aquifer distal to 
City Wells 

The aquifer test plan was approved on 
December 8, 2014, and T was determined 
from specific capacity tests for the shallow 
aquifer and a pumping test for the deep 
aquifer.  Uncertainty regarding aquifer 
transmissivity was addressed as described in 
Section 4.4. 

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

Pumping data was obtained from the DNR Permit and Reporting System (MPARS) for the public 
water supply’s Groundwater Appropriation Permit No. 1973-4006.  These values, confirmed by the 
public water supplier, were used to identify the maximum volume of water pumped annually by each 
well over the previous five-year period, as shown in Table 5.  An estimate of the pumping for the next 
five years is also shown.  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 
Name 

Unique 
No. 2009 2010 2011 2012 2013 5-Year 

Projection 

Daily 
Volume 
(cubic 

meters) 

Well 7 215513 35.582 30.972 35.682 37.245 36.710 No Increase 
Expected 386 

Well 8 215511 21.299 19.877 21.267 22.862 21.011 No Increase 
Expected 237 

Well 9 215512 33.612 34.767 38.820 41.633 43.004 No Increase 
Expected 446 

Well 13 445082 32.320 27.674 36.307 39.553 39.610 No Increase 
Expected 411 

Well 15 753273 57.800 55.355 50.279 46.285 43.126 No Increase 
Expected 599 

(Expressed as millions of gallons.  Bolding indicates greatest annual pumping volume.) 
In addition to the wells used by the public water supplier, Table 6 shows other high-capacity wells 
included in the delineation to account for their pumping impacts on the capture areas for the public 
water supply wells.  Pumping data was obtained from the DNR MPARS database. 

Table 6 - Other Permitted High-Capacity Wells 

Unique 
Number Well Name 

DNR 
Permit 

Number 
Aquifer Use 

Annual Volume 
of Water 

Pumped (millions 
of gallons) 

Daily Volume 
(cubic meters) 

571735 Prairie T 
Farm 1997-1026 QBAA 

Agricultural 
Crop 

Irrigation 
24.61 255 

o Method Used to Delineate the Wellhead Protection Area 

The WHPA for the city of Pelican Rapids wells was determined using a combination of two methods.  
The first method utilized a groundwater flow model using the software code MODFLOW (McDonald 
and Harbaugh, 1988).  The other method used the stochastic analytical groundwater flow method 
Oneka (Barnes and Soule, 2003).  The resulting WHPA boundaries are a composite of the capture 
zones calculated using these two approaches (Figure 1).  The input files for both models are available 
at MDH upon request and the methodology is described further below.  The first method used the 
numerical groundwater flow code MODFLOW, specifically the software code MODFLOW2000 
version 1.15.01 (Hill et al., 2000).  MODFLOW was developed by the United States Geological 
Survey and is publically available.  The program has been thoroughly documented, is widely used by 
consultants, government agencies and researchers and consistently accepted in regulatory proceedings.  
MODFLOW is also an extremely versatile program capable of simulating groundwater in up to three 
dimensions while offering a variety of boundary condition options, confined or unconfined aquifer 
conditions and allowing for vertical discretization through the use of layering.  

The numerical groundwater model that was constructed consisted of 382 rows, 407 columns and three 
layers.  The model incorporates a variable areal grid spacing ranging from 5 meters near the city wells 
and grading to 160 meters at the boundaries of the model domain.  Layer 1 corresponds to the shallow 
unconfined aquifer (variable, averages 80 feet thick), Layer 2 represents the clay unit overlying the 
deep confined sand aquifer (approximately 230 feet thick) and Layer 3, the deep confined sand aquifer 
(variable, averages 50 feet thick).  Layer tops and bottoms were derived from CWI logs within the 
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model domain.  The model contains three different types of boundary conditions.  General head 
boundaries represent a head-dependent boundary normally used along the edge of a model to allow 
groundwater flow into and out of a model for establishing a regional flow field.  No flow boundaries 
are cells where flow cannot occur, and are implicitly represented as the boundaries of the model 
domain where no other head boundaries are used and at the bottom of Layer 3.  River head boundaries 
represent cells where water is flowing both into and out of the aquifer and were used to simulate the 
many lakes and rivers within the model domain within Layer 1.  Vertical recharge was applied to 
Layer 1 of the model using values published by the U.S Geological Survey (Delin et al., 2007).  
Ranges of hydraulic conductivity values were first estimated from literature review for Layer 2 (0.002 
ft/d, Fetter, 2001) and then refined with specific capacity and aquifer test data within the model domain 
(Layers 1 and 3).  Due to the heterogeneity of the unconsolidated sand and the lack of contiguous 
lenses for discretization of hydraulic conductivity zones, site specific data within the model domain 
was interpolated using the Parameter Estimation (PEST) tool.  PEST is a calibration tool developed by 
John Doherty of Watermark Computing and is most commonly used to estimate aquifer hydraulic 
conductivity (Doherty, 2010).  Typical zonation of hydraulic conductivity introduces zones of different 
hydraulic conductivity in the model domain at locations where the modeler feels they would “do the 
most good.”  The parameter zonation process would then be repeated until the fit between model 
outcomes and field observations was acceptable.  Characterization of geologic heterogeneity in the 
model domain by zones of piecewise uniformity is not in harmony with the nature of the alluvial 
material, therefore any zonation pattern that is finally decided upon is only defensible on the basis that 
it is better to employ such a zonation scheme than to ignore geologic heterogeneity altogether.  To 
overcome this problem the distribution of hydraulic conductivity within the model domain was 
described by a set of pilot points.  The pilot point locations and values in the model domain were 
derived from specific capacity data at domestic wells and aquifer test data for the city wells.  These 
values were then smoothed with the geostatistical method of kriging and input into Layers 1 and 3.  
The pilot point method allowed for hydraulic conductivity values to be representative of the city well 
data proximal to the city well field and then be smoothed further away. 

To determine the WHPA, the groundwater flow model was used along with a particle tracking program 
called MODPATH (Pollock, 1994).  MODPATH is used to evaluate advective transport of simulated 
particles moving through the simulated flow system.  A series of 36 particles were launched at each 
well.  A porosity of 20 percent was used for both aquifers used by the city and a reverse time of travel 
was calculated at 10 years. 

The second method, using the analytical groundwater flow code named Oneka (Barnes and Soule, 
2003), was used to assess the probability of impacts that local variations in hydrogeologic conditions 
may have on a well capture zone.  This model treats the aquifer properties and the available water level 
measurements as variable input parameters.  The locations of wells, water levels, and the aquifer 
geometry were evaluated using information from the CWI database.  For the solution, Oneka finds the 
flow field that best fits the network of water level elevations by varying the values of the aquifer 
thickness and transmissivity.  Oneka then evaluates the probability of the capture of a given point 
based on the number of times it is included in the capture areas generated by the total number of 
solutions.  The output from the model is a capture zone probability map for the specified time of travel 
(10 years). 

The combined output from the Modflow and Oneka models were composited to create the city’s 
WHPA (Figure 1).  For the shallow aquifer, surface runoff was also considered as a possible source of 
focused recharge.  This was determined by calculating surface vectors from a 1one-meter accurate  
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LIDAR elevation model and analyzing runoff flow direction that contributes to the modeled WHPA. 
These areas were then combined with the groundwater capture zones generated from Modflow and 
Oneka to create the WHPA for Well 13. 

The stable isotope results show that city well water plots near the meteoric water line. This indicates 
either no or weak hydraulic connection between Prairie Lake and the city’s aquifer.  It is for this reason 
that a conjunctive delineation with Prairie Lake was not needed (Appendix A).   

o Results of Model Calibration and Sensitivity Analysis 

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 
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. 

The Oneka Model is used to support the  results by using an iterative process which provides the best 
fit for the ranges of values assigned to its input parameters.  This helps to define the subset of values 
for which the delineation results are most likely to reflect local hydrogeologic conditions and, 
therefore, provide the best calibration results.   

Model Calibration 

The city of Pelican Rapids model was calibrated to the CWI database water level targets.  A qualitative 
evaluation of the calibration can be made by comparing the simulated potentiometric surface (Figures 
2a and 2b) with the observed water level targets from the CWI database.  Upon review the calibrated 
flow model generally captures the major features of the groundwater flow system along with the 
elevation, shape, magnitude, and gradient of the CWI database observed flow field. 

A quantitative measure by which to evaluate the success obtained during calibration is to compare the 
root mean square of the residuals (RMSE) and the maximum observed head difference across the 
model.  A usually accepted calibration target is a RMSE that represents less than 15 percent of the total 
head change across the modeled area (Barr Engineering Company, 2008).  For the present calibration, 
the RMSE is 5.3 percent of the maximum observed head difference across the model.  Another 
calibration technique is to compare base flow of rivers running through the model domain.  Values for 
the Pelican River indicate a range of 13.7 cubic feet per second to 161 cubic feet per second (Wiche, 
1997) compared to a simulated value of 130 cubic feet per second. 

Sensitivity Analysis 

Model 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 groundwater model, the direction and extent of the 
modeled capture zone may be very sensitive to any of the input parameters. 
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• Pumping rate directly affects the volume of the aquifer that contributes water to the well.  An 
increase in pumping rate leads to an expanded capture zone, proportional to the porosity of the 
aquifer materials.   

o The pumping rate is based upon the results presented in Table 5 and was therefore not a 
variable factor that will influence the delineation of the WHPA. 

• Groundwater flow direction 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.  

o General flow direction was determined based upon static water levels of similarly 
screened wells in the area of the model.  Due to a large uncertainty in CWI water levels 
in the deep aquifer and erring on the conservative side, two different versions of the 
model were created, each of which uses a different set of water level observation points.  
This resulted in two different distributions of hydraulic conductivity within Layer 3 in 
order to calibrate the model, which in turn resulted in two different sets of flow fields 
and resulting capture zones.  These were composited to create the final WHPA for the 
city’s deep aquifer wells.  Oneka was also used to evaluate uncertainty in the flow 
direction and incorporate this uncertainty in the WHPA.   

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

o The flow field shown in Figure 2a and 2b provides the basis for determining the extent 
to which each model run reflects the conceptual understanding of the orientation of the 
capture area for each well. The regional model has been calibrated to hydraulic heads. 
The sensitivity of the WHPA to the hydraulic gradient should not be significant given 
the current knowledge of the hydraulic head distribution in the aquifer 

• Hydraulic conductivity influences the size and shape of the capture zone.  A decrease in 
hydraulic conductivity decreases the length of the capture zone and increases the distance to the 
stagnation point, making the capture zone more circular in shape and centered on the well. 

o Initial hydraulic conductivity was calculated from specific capacity or aquifer tests 
conducted throughout the region and geostatistically smoothed across the model 
domain, with values near the city well field reflecting those obtained from the city 
wells.  Two additional model runs were performed wherein the hydraulic conductivity 
was increased/decreased by 25 percent to account for the reduced values generally 
observed for this parameter away from the city well field and the uncertainty involved 
with the specific capacity assumptions.  For the shallow unconfined aquifer this resulted 
in a capture zone that was 2% smaller and 4.7% larger than the initial calibrated case.  
For the deep confined aquifer this resulted in a capture zone that was <1% smaller and 
<1% larger than the initial calibrated case.  A third model run was performed using the 
alternate deep aquifer flow field and the hydraulic conductivity value of the city wells 
was used distally to give a conservative capture area. 
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• Aquifer porosity influences the size and shape of the capture zone.    

o Decreasing the porosity causes a linear, proportional increase in the areal extent of the 
capture zone.  A conservative literature value of 20 percent was used for the delineation 
and this value was not varied (Fetter, 2001). 

• Aquifer thickness influences the size and shape of the capture zone.    

o Final aquifer thicknesses used in the Modflow model were the result of a multi-step 
statistical analysis. The three-dimensional aquifer top elevation was calculated by 
interpolating the aquifer top elevation between wells that were drilled into the city’s 
aquifers.  Because few wells were drilled through the entire aquifer, a statistical analysis 
of aquifer thickness was done to calculate an approximate thickness of the aquifer in 
any given area of the model domain.  Where true aquifer thickness was known based on 
well logs, that value was used.  In locations where the true thickness was unknown, the 
aquifer top elevation surface was then used to calculate the aquifer bottom elevation by 
subtracting the statistically-derived aquifer thickness for that grid from the grid’s top 
elevation.  Unrealistic values were identified and disposed of at all steps by comparing 
with adjacent well data, where available, and by hydrogeologic judgment.  The result 
was a variable range of thicknesses in the shallow unconfined aquifer of 12 to 160 feet 
throughout the model extent, with a thickness of 135 feet within the city’s well field, a 
variable range of thicknesses in the deep confined aquifer of 30 to 52 feet throughout 
the model extent, with a thickness of 46 feet within the city’s well field and was not 
varied in the multiple model runs conducted.  

o Addressing Model Uncertainty 

There is always some uncertainty associated with the numerical simulation of groundwater, as using 
computer models to simulate groundwater flow involves representing a complicated natural system in 
a simplified manner.  The model simulations present a non-unique solution.  Local geologic conditions 
may vary within the capture area of the public water supply wells, but the amount of existing 
information that is needed to accurately define this degree of variability is often not available for 
portions of the WHPA.  In addition, the current capabilities of groundwater flow models may not be 
sufficient to represent the natural flow system exactly.  However, the results are valid within a range 
defined by the reasonable variation of input parameters for this delineation setting.   

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, was used, whichever is greater (Minnesota Rules, 
part 4720.5510, subpart 4). 

Hydraulic Conductivity – Layers 1 and 3 of the Modflow Model were adjusted plus and minus 
25% as described above. 

Groundwater Flow Field – Due to uncertainty in the groundwater flow direction in the deep 
aquifer, two different versions of the model were created, each of which uses a different set 
of water level observation points.  This resulted in two different distributions of hydraulic 
conductivity within Layer 3 in order to calibrate the model, which in turn resulted in two 
different sets of flow fields and resulting capture zones.  These were composited to create 
the final WHPA for the city’s deep aquifer wells.   

Probability Analysis - The Oneka Model was used to estimate capture zone probability. 
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Capture areas were developed for a range of hydraulic conductivities, and times of travel of one and of 
ten-years (Figure 6).  As the Modflow Model code uses constant input values for each run, several runs 
were required to include all variations in input parameters.  Table 7 documents the variables used to 
address uncertainty. 

Table 7 – MODFLOW Model Parameters Used in Uncertainty Runs 

File Name 

Pelican Rapids 
City 

Discharge 
(m3/day) 

Model 
Domain 

Hydraulic 
Conductivity 

(m/day) 

Area Proximal 
to City Wells 

Hydraulic 
conductivity 

(m/day) 

Porosity 
(%) Remarks 

Calibrated 
Steady State 

Shallow: 410.52 
Deep: 1,667.7 

Spatially 
variable:  

Shallow: 3-
168 

Deep: 1-60 

Shallow: 50-130 
Deep: 16.5-35 20 

Calibrated Steady 
State Model used as 

base scenario 

Conductivity-25 
Percent 

Shallow: 410.52 
Deep: 1,667.7 

Spatially 
variable:  
Shallow: 
2.25-126 

Deep: 0.75-
45 

Shallow: 37.5-
97.5 

Deep: 12.4-
26.25  

20 

Calibrated Steady 
State Model with Kx, 
Ky and Kz multiplied 

by 0.75 

Conductivity+25 
Percent 

Shallow: 410.52 
Deep: 1,667.7 

Spatially 
variable:  
Shallow: 
3.75-210 

Deep: 1.25-
75 

Shallow: 62.5-
162.5 

Deep: 20.6-
43.75 

20 

Calibrated Steady 
State Model with Kx, 
Ky and Kz multiplied 

by 1.25 

Conservative 
WHPA 

Shallow: 410.52 
Deep: 1,667.7 

Spatially 
variable:  

Shallow: 3-
168 

Deep: 1-60 

Shallow: 50-130 
Deep: 41-46 20 

Calibrated Steady 
State Model based on 
alternate CWI head 

targets 

For the Oneka Model, uncertainty related to water levels reported on well records is based on the 
accuracy of the ground elevation assigned to the well using topographic maps and the transient 
variability of the water levels in the aquifer over time.  Water levels that are probably inaccurate were 
identified using data from the CWI database.  Only water levels that fit the flow field (Figures 2a and 
2b) were used for the Oneka analysis. 

The Oneka Model helps to address uncertainties related to aquifer parameters as variations of the flow 
field.  A 10-year capture zone probability map (Figure 6) was generated for the public water supply 
wells.  The values used for the Oneka Model are shown in Table 8.  The Oneka results fit well with the 
capture zones calculated by MODFLOW.  The probability map for the public water supply wells 
shows that uncertainty of the capture zone increases as the distances from the public water supply 
wells increase (Figure 6).   
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Table 8 - Range of Values Used for the Oneka Model 

Unique Number 
(Well Name) File Name 

Hydraulic 
Conductivity 
(meters/day) 

Thickness 
(meters) 

Porosity  
(%) 

445082 (13) Pelican Shallow 2.8 – 145.2 41 20 
215513 (7), 
215511 (8), 
215512 (9), 
753273 (15) 

Pelican Deep 3.2 – 53.1  14.6 20 

Delineation of the Drinking Water Supply Management Area 

The boundaries of the Drinking Water Supply Management Area (DWSMA) were defined by the city 
of Pelican Rapids using the following features (Figure 1): 

Center-lines of highways, streets, roads, or railroad rights-of-way 
Public Land Survey coordinates 
Parcel Property or fence lines 

Vulnerability Assessments 

The Part I wellhead protection plan includes the vulnerability assessments for the city of Pelican 
Rapids wells and DWSMA.  These vulnerability assessments are used to help define potential 
contamination sources within the DWSMA and select appropriate measures for reducing the risk they 
present to the public water supply. 

o Assessment of Well Vulnerability 

The vulnerability assessments for each well used by the city of Pelican Rapids are listed in Table 1 and 
are based upon the following conditions: 

1) Well construction at Wells 13 and 15 meets current State Well Code specifications 
(Minnesota Rules, part 4725); meaning that the well itself should not provide a pathway for 
contaminants to enter the aquifer used by the public water supplier.  Wells 7, 8 and 9 do not 
conform to current standards because neither the outermost annular space nor the annular 
spaces between casings were grouted.  These wells have the potential for acting as conduits 
for flow of near surface water and contaminants into the buried aquifer but to date, no 
evidence of this has been identified.  

2) The geologic conditions at Well 13 in the water table aquifer do not include a laterally 
continuous cover of clay-rich geologic materials.  Wells 7, 8, 9, and 15 include a cover of 
clay-rich geologic materials over the aquifer that is sufficient to retard or prevent the 
vertical movement of contaminants. 

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

  



 

 15 

 
4) Water samples were collected from the city’s wells at various dates and were analyzed for 

tritium, nitrate, chloride and bromide.  Tritium has been detected in the shallow Well 13 
along with a slightly elevated chloride/bromide ratio indicating post-1953 water and 
confirming its vulnerable status (Alexander and Alexander, 1989; Mullaney, et.al, 2009).  
In the deep city wells (7, 8, 9 and 15), no tritium or nitrate was detected in the samples, 
confirming the non-vulnerable nature of the wells (Alexander and Alexander, 1989).  In 
addition, the chloride and bromide results confirm that the wells have not been impacted by 
land-use activities (Table 9). 

Table 9 - Isotope and Water Quality Results (Various) 
Unique 

Number (Well 
Name) 

Tritium 
(TU) 

Nitrate 
(mg/L) 

Chloride/Bromide 
ratio 

Chloride 
(mg/L) 

Bromide 
(mg/L) 

215511 (8) <0.8 
(10/6/14) 

<0.5 
(07/17/14) 73 2.18 

(07/10/12) 
0.03 

(07/10/12) 

215512 (9)  <0.5 
(07/17/14) 55 1.65 

(07/10/12) 
0.03 

(07/10/12) 

215513 (7)  <0.5 
(07/17/14) 99 3.94 

(07/10/12) 
0.04 

(07/10/12) 

445082 (13) 11.1 
(10/6/14) 

<0.5 
(07/17/14) 330 9.91 

(07/10/12) 
0.03 

(07/10/12) 

753273 (15) <0.8 
(10/6/14)   

<0.5 
(10/06/14) 73 2.20 

(10/06/14) 
0.03 

(10/06/14) 

o Assessment of Drinking Water Supply Management Area Vulnerability 

The vulnerability of the DWSMA was assessed in two ways.  First, the vulnerability of the aquifers to 
vertical infiltration was determined within the groundwater capture areas for the city wells. This 
assessment was based upon the following information: 

1) Water chemistry data from Well 13 indicates that the shallow aquifer contains water that 
has detectable levels of tritium and human-caused contamination.  In contrast, deep wells 7, 
8, 9 and 15 do not contain detectable levels of tritium or human-caused contamination.  
Isotopic data from Wells 13 and 15 plot on or near the meteoric water line, indicating that 
neither has received an appreciable amount of recharge from surface water bodies, such as 
lakes, that are likely to develop an evaporative isotopic signature. 

2) Review of the geologic logs contained in the CWI database, geological maps, and reports 
indicate that the aquifers exhibit varying geologic sensitivity throughout the DWSMA.  The 
shallow aquifer is characterized by geologic sensitivity ratings ranging from high to low 
(Figure 7), whereas the deep aquifer is exclusively low in geologic sensitivity.   

Taken together, these data suggest that the groundwater capture area for the shallow aquifer is highly 
vulnerable, suggesting vertical times of travel for recharging surface water on the order of weeks to 
years (Geologic Sensitivity Project Workgroup, 1991).  The groundwater capture area for the deep 
aquifer is considered low vulnerability because it is isolated from the direct vertical recharge of surface 
water by thick layers of clay-rich sediment as confirmed by the absence of tritium in the well water.  
Vertical times of travel for recharging surface water are expected to be on the order of decades to 
centuries (Geologic Sensitivity Project Workgroup, 1991).  
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Second, the vulnerability of the surface water contribution area (SWCA) was assessed.  Because this 
area has the potential to deliver runoff to the groundwater capture zones for the shallow aquifer within 
very short periods of time (hours to days), it is also considered to be highly vulnerable.  However, the 
high vulnerability within the SWCA is only relevant with respect to land uses that have the potential to 
generate contaminated runoff.  

Taken together, these two assessments yield the picture presented in Figure 7.  In this view, areas 
underlain by the groundwater capture areas for the shallow aquifer are identified as having high 
vulnerability to infiltrating surface water, whereas those areas where surface water runoff is the only 
consideration are assigned a SWCA potential of high.  Outside of these areas, the DWSMA is 
considered to have low vulnerability because it is only representing the vulnerability of the deep 
aquifer.  Note that land features such as parcels, road centerlines, and quarter sections were used to 
establish the boundaries between these areas to facilitate their management.   

Recommendations 

The following recommendations have been generated to inform the next amendment of the city of 
Pelican Rapids wellhead protection plan. 

1) Well Locating:  This delineation is based on very little well data.  If wells are constructed 
within two-miles of the city or one-mile of the DWSMA, their locations should be verified. 

2) Water Quality Monitoring:  The standard assessment monitoring package should be 
analyzed during year six at the city’s primary wells.  It is likely that MDH will be able to 
provide sample bottles and cover analytical costs, but these responsibilities should be 
determined as the sampling date approaches.  The city may need to collect the samples and 
ship them to MDH. 

3) New Wells:  If new city wells are being considered, installing them in the deeper aquifer 
will provide the city with natural protection against man-made contaminants at the land 
surface.  

4) Well Inventory:  For the purposes of the potential contaminant source inventory that will be 
generated in the second part of the city’s WHP plan it will be important to inventory all 
wells that are completed to depths greater than 150 feet in the low vulnerability areas of the 
DWSMA and all wells in the high vulnerability area of the DWSMA. 
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APPENDIX III –Potential  
Contaminant Source Inventory 

  



 

 

 
 
 



 

 

 
 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

 
  



 

 

  



 

 

 
 

 
 



 

 

 
 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 

 
Appendix IV Contingency Strategy  

 

 



 

 

 



 

 



 

 

APPENDIX V - Required Documentation 
 
Precipitation Data  
 

Monthly Sum of Precipitation (Inches) 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
2010 0.88 0.56 0.91 1.82 2.83 2.72 10.52 6.32 6.10 3.24 1.09 1.42 38.41 
2011 0.85 0.23 1.00 1.79 2.08 3.06 4.04 1.98 0.67 0.38 0.19 0.25 16.52 
2012 0.42 0.64 1.23 4.00 3.60 3.22 5.73 2.73 0.44 1.57 0.47 0.62 24.67 
2013 1.04 1.07 2.09 1.12 5.09 3.76 3.00 0.00 6.00 4.93 0.00 0.00 28.10 
2014 1.00 0.00 0.74 4.00 6.00 10.00 2.60 4.00 2.80 0.52 1.10 0.00 32.76 
2015 0.00 0.00 0.60 1.00 5.70 3.10 2.60 2.00 0.00 0.00 0.00 0.00 15.00 

Data collected from the City’s Waste Water Plant 
 
 
 
  



 

 

Political Boundaries for Pelican Rapids Township 

 



 

 

City of Pelican Rapids Corporate Limits and Future Land Use Map 

  



 

 

City of Pelican Rapids Land Cover Map 

 
 
Pelican Rapids DWSMA Land Cover  
LAND_COVER ACRES PERCENT YEAR 
Open Water 212.85 17.79 2011 
Developed, Open Space 139.31 11.65 2011 
Developed, Low Intensity 64.21 5.37 2011 
Developed, Medium Intensity 52.88 4.42 2011 
Developed, High Intensity 16.66 1.39 2011 
Barren Land (Rock/Sand/Clay) 1.33 0.11 2011 
Deciduous Forest 115.76 9.68 2011 
Evergreen Forest 18.89 1.58 2011 
Shrub/Scrub 3.11 0.26 2011 
Grassland/Herbaceous 34.44 2.88 2011 
Pasture/Hay 247.07 20.65 2011 
Cultivated Crops 226.18 18.91 2011 
Woody Wetlands 10.00 0.84 2011 
Emergent Herbaceous Wetlands 53.55 4.48 2011 
Total 1196.22 100.00 2011 



 

 

City of Pelican Rapids Current Zoning Map 



 

 

Soil Types Located within the Pelican Rapids DWSMA 

 



 

 

 



 

 

 
  



 

 

Pelican Rapids Area Parcel Map 
Parcel map for the majority of the DWSMA – Northern portion of Pelican Rapids 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Southern Portion of the DWSMA and Pelican Rapids 

 
 
Additional parcel information is available on the Otter Tail County Website. 
http://www.ottertailcounty.us/ez/publicsearch.php  
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