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Overall Project Outcomes and Results

The purpose of this project was to initiate a systematic inventory of springs statewide. This inventory
should help create awareness of and appreciation for this resource so spring flows can be maintained
and groundwater-dependent resources can be protected. This phase of the inventory focused on
developing protocols and methods for field work and data compilation along with limited field testing of
inventory procedures. Major project objectives included the development of 1) a spring inventory
guidance document to provide documentation of methods and guidance for other researchers; 2) a
spring inventory database built on a web-based geographic information system (GIS) platform that can
be used in the field with a computer tablet with GPS and cell phone data capabilities; 3) a web-based
reporting application that citizens can use to submit spring locations with smartphones or other mobile
devises; and to 4) expand the known set of spring locations through paper and digital records review
and a limited amount of fieldwork.

All of these objectives were accomplished. Important sections of the guidance document include a
spring classification system and key data to collect in the field. The document also describes data
flow/data verification methods for entering data into the database from historical documents, field entry
of data with the tablet, and data processing of citizen submittals through the citizen reporting
application. The custom GIS database allows the project team to upload data directly to a server from
the field with a cell phone data link. Important data include: spring location, estimated flow rate, photos,
and physical/chemical information. The citizen reporting application provides similar but more limited
capabilities.

To date, the spring inventory team has uploaded approximately 500 locations to the inventory database
with the tablet system. Approximately 100 possible spring locations have been submitted through the
citizen reporting application and targeted mailings with self-addressed, postal paid postcards. These
efforts, in addition to migration of existing data from an older database and extensive document review,
have created an inventory that currently contains approximately 6,000 locations.

Project Results Use and Dissemination

The long-term strategy is to establish the Spring Inventory at DNR as an ongoing hydrologic cycle
database on the same basis as the existing DNR stream gaging, groundwater level monitoring,
climatology, and related hydrologic cycle databases.

This data can be accessed through the following link:
http://www.dnr.state.mn.us/waters/groundwater_section/springs/msi.html. Data can be downloaded
from the Minnesota Geospatial Commons: https://gisdata.mn.gov/dataset/env-mn-springs-inventory.
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I. PROJECT TITLE: State Spring Inventory for Resource Management and Protection

Il. PROJECT STATEMENT:

Springs are critical resources in Minnesota and occur all across the state. They create coldwater (trout streams)
and cool water fisheries, sustain base flow in streams, create unique ecological habitats, and help to maintain
the integrity of aquatic systems against invasive species. In order to maintain spring flows and protect the
groundwater-dependent resources that rely on springs, it is vital to inventory, assess, and monitor springs on a
comprehensive, statewide basis. This need was recognized in the December 2008 document, “Managing for
Water Sustainability: Report of the EQB Water Availability Project” from the Minnesota Environmental Quality
Board which specifically recommends an inventory of the state’s springs. A partial inventory exists for research
purposes for southeastern Minnesota that is maintained in the Minnesota Karst Features Database (MN KFDB)
at the Minnesota Geological Survey. The MN KFDB, although known to be incomplete, is heavily used for project
planning by private industry, local governments and state agencies.

This project is in support of a statewide inventory of Minnesota’s springs. This project will focus on the
development of the protocols, processes, and database necessary to enable a statewide spring inventory. The
database will be web-accessible to allow for the entry of spring data from existing sources such as topographic
maps, DNR records, local governments, public land survey records, universities, state and federal agencies and
local interest groups. Limited field testing of inventory procedures in priority areas will be done to test the
protocols, processes, and database design. This project will also develop digital and field mapping methods for
springs, including establishing site location and verification criteria, developing field data collection templates
and standards. Pilot testing of digital and field methods will be done in selected areas of the state to assess cost-
effectiveness of methods. The data acquired during this project will be made web-accessible for use by the
MPCA, LGU’s, DNR, industry and citizen groups as they identify impaired waters, evaluate TMDL requirements,
and target lands for protection, restoration and enhancement. The protocols, methods, criteria and standards
resulting from this project will be available to agencies and organizations to support completion of a statewide
spring inventory.

lll. PROJECT STATUS UPDATES:
Project Status as of 15 January 2015 [project and budget update as of December 31, 2014]

This reporting period concentrating on getting the project established, organizing a technical advisory team to
provide technical assistance and direction for the project, and hiring the planned full-time unclassified Research
Analysis Specialist for the project. Greg Brick, PhD, joined the project on Dec. 17th as the Research Analysis
Specialist. The main focus of planned work for the next reporting period is development of inventory protocols,
processes, and database design.

Project Status as of 15 September 2015 [project and budget update as of 15 August 2015]

Considerable progress was made on the project this reporting period. A guidance document describing spring
inventory methods and data management is in draft form and being used as a reference as the spring inventory
database is developed. Data mining of spring locations from existing data sources was actively pursued resulting
more than 1,000 spring locations added to the project database. Additional data will be added to the database
from these sources. Limited field testing of locations from existing information sources was conducted.
Development of field data collection protocols for use with GPS equipment and an iPad tablet is underway.
Additional field testing of assembled data from existing sources and the field data collection equipment is
planned.

Project Status as of 15 January 2016



Progress has been made for all of the outcomes during this reporting period. Most of the field data protocols
have been established and the various data categories have been assembled into a “data dictionary”, loaded
into the data collection devices, and set-up in the new database. Additional database enhancements funded
with a contract with MNIT have been documented in a detailed work plan. For field collection of spring locations
and characteristics, two data collection devises (Apple iPad with ESRI 123 Survey software and Trimble GeoXT
GPS collection unit) have been chosen and tested at several locations across the state. We continue to update
and revise the guidance document describing spring inventory methods and data management as we gain
experience with the inventory. Over one thousand new spring locations have been discovered through review of
several different existing data sources during this reporting period.

Project Status as of August 15, 2016

We have had internal meetings to discuss and refine which parameters will be collected during field work and
how those parameters will be organized on the two data collection platforms (iPad tablet and Trimble GPS).
There are now 1844 springs in the database. The third major draft of the spring inventory guidance document
containing the protocol is nearing completion.

Extensive field testing of the data collection tablet took place in the Minnesota River valley with three
applications: ESRI Collector, Survey123, and PDF Maps. Most of the field collection from start to finish has been
successfully tested. Dr. Carrie Jennings, as part of her FEMA landslide investigations, accompanied a field crew,
to study how seepage relates to known landslides in the Minnesota River valley.

Amendment Request (December 15, 2016):

We request that the unspent funds ($3,436) for the budget category: Professional/Technical/Service Contracts -
Support for spring component of Karst Features Database, Minnesota Geological Survey get moved to the
Database design and specialty programming services - MIN.IT service level agreement (SLA). The MNIT SLA is for
creating a GIS database for springs that can be used by any authorized professional through the internet using a
pad, laptop, or desktop computer. We are nearly finished with this application but development has taken a
little more effort and cost than originally anticipated. In addition, during our testing with non-DNR staff there
was a request for enhancements that weren’t in the original design. This additional funding will help make this
application easier to use for a wider range of data input methods and should increase the use of the application.

Amendment Approved by LCCMR 12/12/2016
Project Status as of December 15, 2016 (early reporting for January 15, 2017)

We developed a citizen science app in conjunction with MNIT for use on smartphones and tablets to enlist public
help in locating springs. We are developing a publicity plan to promote the use of the app. In addition a targeted
US mail activity is being planned which will send self-addressed postage paid postcards to property owners with

possible springs on their property. These contacts will focus on the main spring-hunting corridors.

MNIT is putting the finishing touches on the web interface for recording springs. It is almost ready to connect
with the KFD karst database, maintained by the Minnesota Geological Survey.

We drafted an Internal Work Plan that will guide fieldwork on public lands in the main spring-hunting corridors.
We have had internal meetings to discuss and refine which parameters will be collected during field work and
how those parameters will be organized on the two data collection platforms (iPad tablet and Trimble GPS).
Almost 2,000 newly located springs are in the database since the start of this project. The spring inventory
guidance document was distributed for external review and should be available by the end of 2016.



We have conducted outreach programs or presentations for several organizations, including Master Naturalists,
MASWCD, and MGWA.,

We were introduced to an extensive springs data set of Mr. Haugstad (former DNR employee) provided by
Ashley Ignatius (MPCA) and developed rules for document evaluation. A cursory review of these files for a
sample river basin revealed that 20% of the locations are not in the present database. Therefore we concluded a
review of these files will provide some new information about spring locations.

Project Status as of June 30, 2017

Further progress was made on the Minnesota Spring Inventory (MSI) Guidance Document (technical guidance)
with additional writing and editing. A job safety analysis (JSA — safety guidance) was developed to help ensure
safe procedures for spring searches in remote areas and especially during winter conditions. Additional progress
was also made on the web-based spring database system ready for use. Meetings were held with the spring
inventory team and information technology staff to decide on final enhancements to the system based on user
input and remaining budget. We have continued to make additions to the database from various sources. Field
work included surveys for spring locations at approximately 14 areas.

Overall Project Outcomes and Results:

The purpose of this project was to initiate a systematic inventory of springs statewide. This inventory should
help create awareness of and appreciation for this resource so spring flows can be maintained and groundwater-
dependent resources can be protected. This phase of the inventory focused on developing protocols and
methods for field work and data compilation along with limited field testing of inventory procedures. Major
project objectives included the development of 1) a spring inventory guidance document to provide
documentation of methods and guidance for other researchers; 2) a spring inventory database built on a web-
based geographic information system (GIS) platform that can be used in the field with a computer tablet with
GPS and cell phone data capabilities; 3) a web-based reporting application that citizens can use to submit spring
locations with smartphones or other mobile devises; and to 4) expand the known set of spring locations through
paper and digital records review and a limited amount of fieldwork.

All of these objectives were accomplished. Important sections of the guidance document include a spring
classification system and key data to collect in the field. The document also describes data flow/data verification
methods for entering data into the database from historical documents, field entry of data with the tablet, and
data processing of citizen submittals through the citizen reporting application. The custom GIS database allows
the project team to upload data directly to a server from the field with a cell phone data link. Important data
include: spring location, estimated flow rate, photos, and physical/chemical information. The citizen reporting
application provides similar but more limited capabilities.

To date, the spring inventory team has uploaded approximately 500 locations to the inventory database with
the tablet system. Approximately 200 possible spring locations have been submitted through the citizen
reporting application and targeted mailings with self-addressed, postal paid postcards. These efforts, in addition
to migration of existing data from an older database and extensive document review, have created an inventory
that currently contains approximately 6,000 locations. These data can be accessed through the following link:
mndnr.gov/MnSpringlnventory. Data can be downloaded from the Minnesota Geospatial Commons:
https://gisdata.mn.gov/dataset/env-mn-springs-inventory.

IV. PROJECT ACTIVITIES AND OUTCOMES:

ACTIVITY 1: Spring Inventory Database Development and Data Management


http://www.dnr.state.mn.us/waters/groundwater_section/springs/msi.html
https://gisdata.mn.gov/dataset/env-mn-springs-inventory

Description: Develop the necessary protocols, processes, and database necessary to initiate a statewide spring
inventory including limited field testing of protocols to ensure the viability and efficiency of the methods
developed. Develop digital and field mapping methods, site verification criteria, field data collection templates,
and field data collection standards to allow for statewide user input of spring information. Limited pilot testing
in selected areas of the state to develop spring identification and site verification methods and assure efficient
inventory procedures.

Summary Budget Information for Activity 1: ENRTF Budget: $ 200,000
Amount Spent: $ 200,000
Balance: $ O
Activity Completion Date:

Outcome* Completion Date Budget
1. Develop statewide spring inventory protocols, processes, and 30 June 2016 $90,000
database.

2. Limited field testing of protocols and process methods. 30 June 2016 $20,000

3. Develop digital and field mapping methods, site criteria, and data 30 June 2017 $70,000
standards

4. Limited pilot testing of field methods 30 June 2017 $20,000

*$15,572 of this activity is going towards DNR direct and necessary services. Explanation in section VI. Project
Budget summary.

Activity Status as of 15 January 2015 [project and budget update as of December 31, 2014]

This reporting period concentrating on getting the project established, project budget set up, organizing a
technical advisory team to provide technical assistance and direction for the project, and hiring the planned full-
time unclassified Research Analysis Specialist for the project. Greg Brick, PhD, joined the project on Dec. 17th as
the Research Analysis Specialist. Jeff Green, SE MN karst specialist is funded 15% to assist the project. The
project technical advisory team met several times to discuss technical direction and project organization. Main
focus of planned work for the next reporting period is work related to Outcome 1, including development of
inventory protocols, processes, and database design. In addition, the project will begin to evaluate existing
spring and related information from a variety of sources; develop criteria and procedures for compiling those
data; and begin compiling existing data on a test basis from identified sources.

Activity Status as of 15 September 2015 [project and budget update as of 15 August 2015]
The project has made progress on all of the project outcomes.

Outcomel [protocols, processes, and database] -- Reviews of existing databases, spring classification, and field
data collection protocols from other states and countries to guide project work have been completed. This
information is from other spring inventory projects and has served as valuable references and information
sources for this project and has been used to develop a guidance document on spring inventory methods and
data management. This document is in draft form and when finalized it will be used for this project and future
spring inventory projects and will be made available on the DNR website. Conducted DNR-wide/state-wide
request for anyone having further information on springs, polling them on what they would like to see in the
database. Received email replies in excess of 120 DNR personnel providing information, which together with
follow-up questions and replies were more than 200 emails. Data mining of spring locations from existing data
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sources is being actively pursued. U. S. Geological Survey and Minnesota Geological Survey documents have
been reviewed and numerous springs have been noted. DNR-Fisheries stream files are being researched and
hundreds of potential spring locations have been discovered. During that search, a five foot long hand-drawn,
linen map of North Shore trout streams with springs was found. That map was produced in 1922 and is the only
copy known. Input data on more than 1,000 springs from the DNR fisheries stream surveys have been added to a
spreadsheet for eventual incorporation into the SSI database. A web-accessible database for inventoried spring
data is in development with the assistance of MN.IT staff. The database will be designed to link with the existing
Karst Features Database housed at the Minnesota Geological Survey. A QGIS data platform was developed and
spring locations from DNR-Fisheries stream survey reports were imported into it. QGIS (Quantum GIS) is an
open-source Geographic Information System program being used in the project for database development.

Outcome? [field testing of protocols methods]-- Investigated several field locations including Kasota Prairie
SNA, Afton State Park, and the Shingobee Lake area near Walker, MN to ground -proof previous spring reports
by others. Met with property owners on Lake Kabekona near Walker, MN, to document lakeshore springs.

Outcome3 [develop field mapping methods] -- After a spreadsheet of more than 1,000 springs from stream
surveys by DNR Fisheries had been imported into QGIS, the accuracy of the automatic plotting method was
tested in the field at Falls Creek SNA by using a submeter GPS unit to plot the actual locations and then
comparing them in a GIS overlay. From this it was found that certain adjustments to the mapping algorithm
were necessary.

Outcomed [pilot testing of field methods]-- The suitability of the use of the current MN KFDB features and
attributes field data collection protocol programmed into a Trimble GeoXT GPS unit was assessed at several
springs. This field data collection protocol was originally designed for springs in southeastern Minnesota. The
field testing of the protocol resulted in development of an improved field data collection protocol and
subsequently programmed into the GeoXT instrument. The improved field data collection protocol will also be
programmed into a new iPad tablet that will be used in the field in future trials.

Activity Status as of 15 January 2016

Outcomel [protocols, processes, and database] -- We have had numerous internal meetings to discuss and
refine exactly which parameters we will be collecting during field work and how those parameters will be
organized on the two data collection devices. Several of these meetings also were used to learn how to use the
computer tablet (ipad) data collector and software. We have also had several meetings with the DNR MNIT staff
to chart the design of the spring database. A detailed work plan for this part of the project has been created by
MNIT staff and is nearly in its final form. Other progress in this category included contacting and examining
sources of spring location information including: the U of M Entomology Dept (Prof. Len Ferrington, aquatic
biologist); a compilation of noteworthy Minnesota springs (30 pages, so far); DNR wildlife management area
(WMA) staff; Minnesota Department of Health public water supply database; MGS and USGS literature; metro
watershed districts; all Minnesota county parks; and DNR Fisheries stream surveys (1001 springs).

Outcome?2 [field testing of protocols methods] -- Field testing the iPad tablet and ESRI Collector software by
mapping springs at the “Platteville Observatory” in Lilydale, North Shore spring locations, and the Falls Creek
scientific and natural area. The iPad data were uploaded to a server in the field with a mobile hotspot. These and
other tests revealed some characteristics of the system which needed to be adjusted by DNR MNIT staff.

Outcome3 [develop field mapping methods] -- In an effort to evaluate the value of existing thermal imagery
for spring locating, visible, thermal, and infrared footage from the 2004 groundwater intrusion overflights by
A.W. Research Labs were acquired and examined. Other thermal imaging device evaluations were made by
testing the capabilities of a borrowed forward looking infrared (FLIR) handheld thermal unit within the St. Paul
area at Swede Hollow, Bruce Vento Nature Sanctuary, and the Lilydale Regional Park claypits. Other possible
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field mapping strategies were evaluated by reviewing Wisconsin Department of Natural Resources (WDNR) GIS
geodata resources to help analyze spring distribution relative to glacial features in Wisconsin. The second major
draft of the spring inventory guidance document (50 pages) was reviewed internally and revised. Arrangements
were made (permit application) for evaluating the possible geologic connection between spring locations and
landslides at the Minnesota River Valley National Wildlife Refuge. A pipeline permit application (Enbridge) to the
DNR to cross a stream in a spring prone area of eastern Cass County provided an opportunity to test our spring
mapping protocol with the pipeline company’s consultant (Stantec). DNR staff also met with the manager of a
nearby DNR fish hatchery (Spire Valley) to discuss how the pipeline could affect his operations. Spring locations
at the nearby Lake Shingobee and Lake Kabekona were examined with knowledgeable staff from the U S
Geological Survey and the DNR spring mapping protocol was discussed.

Outcomed [pilot testing of field methods]—Locations along the North Shore of Lake Superior, and especially
the Grand Marais area, were explored to evaluate known spring locations from historic records (1922 DNR
Surber spring map). Continued to evaluate the iPad with the ESRI Collector software and to record a dozen
spring locations. We made contact with numerous personnel who provided further leads for spring locations.
We mapped and planned possible exploration corridors for the 2016 field campaigns not only along the North
Shore, but also the Minnesota River Valley, St. Croix River valley and Agassiz beachlines.

Activity Status as of August 15, 2016

Outcomel [protocols, processes, and database] —We have had internal meetings to discuss and refine which
parameters will be collected during field work and how those parameters will be organized on the two data
collection platforms (iPad tablet and Trimble GPS). Many meetings focused on coordinating how the DNR’s SSI
would integrate with the existing KFD currently run by MGS. There are now 1844 springs in the database, a large
increase since the last status report (1001 springs). The third major draft of the spring inventory guidance
document containing the protocol (50 pages) is nearing completion of its internal review at present, and upon
revision, will be sent out to three external reviewers who have agreed to critique the document.

Outcome?2 [field testing of protocols methods]—Extensive field testing of the tablet took place in the
Minnesota River valley with three applications: ESRI Collector, Survey123, and PDF Maps. The strengths and
weaknesses of these respective applications were evaluated in the field. The best combination of images was
found to be LIDAR and PRIM layers. A Garmin GLO unit was tested to increase accuracy above that of the GPS
receiver in the tablet. During this mapping endeavor, the protocol was modified as needed to reflect the actual
field conditions. Dr. Carrie Jennings, as part of her FEMA landslide investigations, accompanied a field crew, to
study how seepage relates to known landslides in the Minnesota River valley.

Outcome3 [develop field mapping methods]—During the Minnesota River valley mapping, the high proportion
of seeps and low-discharge springs was noticed, and the protocol was modified to reflect what was actually
possible when collecting water parameters. Strategies were developed for how to most efficiently approach
land parcels.

Outcomed [pilot testing of field methods]— Extensive field testing of the tablet took place during the mapping
of nearly 300 springs on public lands in the Minnesota River valley, from the mouth of the river upstream to
Mankato. The data was remotely uploaded to the DNR servers. Once back in the office, the candidate springs
were double-checked and promoted to the status of verified springs. Most of the field collection from start to
finish has been successfully tested. The state was divided up into high-priority areas where it was thought there
would be a good return on our efforts. For each of these areas, draft work plans were drawn up to guide the
fieldwork and keep it within budget.

Activity Status as of December 15, 2016 (early reporting for January 15, 2017)



Outcomel [protocols, processes, and database]— We developed a citizen science app in conjunction with MNIT
for use on smartphones and tablets to enlist public help in locating springs. The following link provides basic

information about the application and the program for citizens:
http://www.dnr.state.mn.us/waters/groundwater_section/springs/msi.html.

MNIT is putting the finishing touches on the web interface for recording springs. It is almost ready to connect
with the KFD karst database, maintained by the Minnesota Geological Survey. We drafted an Internal Work Plan
that will guide fieldwork on public lands in the main spring-hunting corridors. We have had internal meetings to
discuss and refine which parameters will be collected during field work and how those parameters will be
organized on the two data collection platforms (iPad tablet and Trimble GPS).

We were introduced to an extensive springs data set of Mr. Haugstad (former DNR employee) provided by
Ashley Ignatius (MPCA) and developed rules for document evaluation. A cursory review of these files for a
sample river basin revealed that 20% of the locations are not in the present database. Therefore we concluded a
review of these files will provide some new information about spring locations.

Outcome? [field testing of protocols methods]— Field protocols are largely established but continue to evolve
according to the changing seasons and additional experience.

Outcome3 [develop field mapping methods]— Field mapping methods are largely established but continue to
evolve according to the changing seasons and additional experience.

Outcomed [pilot testing of field methods]— Additional testing of methods were conducted at Flandreau and
Minneopa State Parks

Activity Status as of June 30, 2017

Outcomel [protocols, processes, and database] Further progress was made on the Minnesota Spring Inventory
(MSI) Guidance Document (technical guidance) with additional writing and editing. A job safety analysis (JSA —
safety guidance) was developed to help ensure safe procedures for spring searches in remote areas and
especially during winter conditions.

Additional progress was also made on the web-based spring database system ready for use. Meetings were held
with the spring inventory team and information technology staff to decide on final enhancements to the system
based on user input and remaining budget

We have continued to make additions to the database from various sources including: the wildlife manager from
the Lac Qui Parle WMA; other DNR staff; and DNR Fisheries files on the Zumbro River Watershed and White
Water River Watershed.

Outcome?2 [field testing of protocols methods], Outcome3 [develop field mapping methods], and Outcome4
[pilot testing of field methods]— Field methods and protocols are largely established but continue to evolve
according to the changing seasons and additional experience.

Field work included surveys for spring locations including: St. Peter area, Seven Mile County Park, Swan Lake
WMA, Hindeman Creek AMA, Golden Gate WMA, Beaver Falls County Park, Vicksburg County Park., Upper Sioux
Agency State Park, Skalbakken County Park, Cold Springs WMA, Klabunde WMA, Whispering Ridge AMA, and
Camp Coldwater/Dogpark

Final Report Summary: August 15, 2017


http://www.dnr.state.mn.us/waters/groundwater_section/springs/msi.html

All of these outcomes were accomplished. Important sections of the guidance document include a spring
classification system and key data to collect in the field. The document also describes data flow/data verification
methods for entering data into the database from historical documents, field entry of data with the tablet, and
data processing of citizen submittals through the citizen reporting application. The custom GIS database allows
the project team to upload data directly to a server from the field with a cell phone data link. Important data
include: spring location, estimated flow rate, photos, and physical/chemical information. The citizen reporting
application provides similar but more limited capabilities.

To date, the spring inventory team has uploaded approximately 500 locations to the inventory database with
the tablet system. Approximately 100 possible spring locations have been submitted through the citizen
reporting application and targeted mailings with self-addressed, postal paid postcards. These efforts, in addition
to migration of existing data from an older database and extensive document review, have created an inventory
that currently contains approximately 6,000 locations.

V. DISSEMINATION:

Description:

DNR news releases and web announcements will be used to provide publicity for the project. Local government
groups, sporting groups, outdoor recreation groups and other state and federal agencies will be contacted for
spring location information in selected areas.

Status as of 15 January 2015 [project and budget update as of December 31, 2014]

Limited information about the project was distributed during the project period, mainly using informal methods
such as email. The overall response to even this limited information has been very positive. Technical and other
specialists clearly see the benefit of a well-defined statewide spring database that will assemble or link scattered
information and are willing to share what they know. Plans are underway to develop web material for the DNR
website to better explain the project and act as a point of contact and reporting as the project proceeds.

Status as of 15 September 2015 [project and budget update as of 15 August 2015]

Information on the inventory was printed in the DNR newsletter. Numerous citizens and LGU staff who saw that
contacted project staff about their springs. The citizens and LGU staff were very excited to hear that the DNR
was undertaking this project. The project was presented to the Inter-agency groundwater taskforce, County
Biological Survey staff, and an article on it was prepared for the Minnesota Groundwater Association newsletter.
A page on springs, karst and the spring inventory were developed for the DNR website. A pamphlet on lakeshore
springs was designed and will be sent via e-mail to lake associations, county zoning staff, and DNR field staff to
enlist their assistance in locating this type of spring.

Status as of January 15, 2016

Staff prepared information brochure for lakeshore owners to help locate springs on lakes. Greg Brick prepared: a
paper and poster for the Rochester Sinkhole Conference regarding the Minnesota spring inventory; a report on
Boiling Springs (Scott County) for the Director of the DNR Ecological and Water Resources Division (Luke
Skinner); and an article regarding a pioneering spring mapping effort (Surber) for the Jan-Feb 2016 issue of
MINNESOTA CONSERVATION VOLUNTEER.

Status as of August 15, 2016

A short story about looking for springs in St Paul was accepted for publication in the 2017 St. Paul Almanac, its
goal to reach a wider audience to inform them of the DNR'’s efforts. A lecture, “The Diversity of Minnesota’s
Springs,” has been prepared for delivery at the Master Naturalists meeting at Springbrook Nature Center in



October. A description of the state spring inventory was presented at a meeting of the Southeastern Minnesota
Board of Water Resources meeting as part of a general discussion of county geologic atlases and karst.

We were contacted by the president of MGWA and requested to give a talk at their Fall Conference. We are
planning to develop through MNIT a citizen app for smartphones that will allow anyone to send in the locations
of candidate springs as part of our Citizen Science initiative.

Status as of December 15, 2016 (early reporting for January 15, 2017)

We have conducted outreach programs or presentations for several organizations, including Master Naturalists,
Minnesota Association of Soil and Water Conservation Districts (MASWCD), and Minnesota Groundwater
Association (MGWA).

DNR is evaluating dissemination of the Citizen App to locate springs through other venues, including:

e Trout Unlimited

e DNR Hunting & Fishing

St. Croix River Association

Friends of the Mississippi River
Minnesota Waters

Other state agencies & associations

We are developing a publicity plan to promote the use of the app. In addition a targeted US mail activity is
being planned which will send self-addressed postage paid postcards to property owners with possible
springs on their property. These contacts will focus on the main spring-hunting corridors.

Status as of June 30, 2017

The web page describing the project and the citizen reporting application was finalized in January 2017:
mndnr.qgov/MnSpringlnventory

https://arcgis.dnr.state.mn.us/gis/CitizenSprings/

On March 8, 2017 a television interview and story aired on KARE11 describing the spring inventory project and
the citizen reporting application:
http://www.karell.com/weather/go-on-the-hunt-for-springs/421220261

An editorial for wildlife publications was prepared describing the project and the citizen reporting application.

A Star Tribune article about the spring inventory project was published on March 14, 2017:
http://www.startribune.com/minnesota-is-the-land-of-15-000-springs-too/415802244/

Final Report Summary: June 30, 2017

These data can be accessed through the following link: mndnr.gov/MnSpringlnventory. Data can be
downloaded from the Minnesota Geospatial Commons: https://gisdata.mn.gov/dataset/env-mn-springs-
inventory.

Dissemination included:

e apaper and poster for the National Cave & Karst Research Institute’s 2015 Rochester Sinkhole
Conference;

e A 2015 DNR newsletter;

e A presentation to the Inter-agency groundwater taskforce and County Biological Survey staff;

e an article in a 2016 Minnesota Groundwater Association newsletter;

e apamphlet on lakeshore springs was sent to lake associations, county zoning staff, and DNR field staff;
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e an article regarding a pioneering spring mapping effort for the Jan-Feb 2016 issue of MINNESOTA
CONSERVATION VOLUNTEER;

e Alecture, “The Diversity of Minnesota’s Springs,” at the Master Naturalists meeting at Springbrook
Nature Center in October 2016;

e a presentation in 2016 to the Southeastern Minnesota Board of Water Resources;

e apresentation at the 2016 MGWA Fall Conference;

e apresentation to the 2016 Minnesota Association of Soil and Water Conservation Districts (MASWCD)
conference;

e apresentation to the Friends of the Root River in December 2016;

e apresentation at the Smithsonian Waterways event in Lanesboro, February 2017;

e ashort story about springs in St Paul in the 2017 St. Paul Almanac;

e atelevision interview (March 8, 2017) and story aired on KARE11 describing the spring inventory project
and the citizen reporting application:
http://www.karell.com/weather/go-on-the-hunt-for-springs/421220261

e a Star Tribune article about the spring inventory project was published on March 14, 2017:
http://www.startribune.com/minnesota-is-the-land-of-15-000-springs-too/415802244/

V1. PROJECT BUDGET SUMMARY:

A. ENRTF Budget Overview:

Budget Category $ Amount Explanation
Personnel: $ 158,607 Research Analyst Specialist: est. $125,107 (1
unclassified @ 0.8 FTE year 1 (hire Aug or Sept)
and 1 FTE for year 2);
Hydrologist 3: est. $33,500 (1 classified @ 0.15
FTE for two years)
Professional — Technical Contracts: $ 20,000 Minn. Geological Survey spring component of
Karst Features Database -- est. $6,564; MIN.IT
for database and specialty programming — est.

$13,436

Direct and necessary services* -- $15,572

Equipment/Tools/Supplies: $2,150 Field data acquisition devices, such as tablets
and GPS equipment; other necessary
equipment for field protocol testing

Capital Expenditures over $5,000: S

Travel Expenses in MN: $3,671 Vehicle fleet charges est. $2,621; lodging/meals
est. $1,050 for meetings with data holders or
users, limited field testing of procedures and
pilot testing of field mapping methods

TOTAL ENRTF BUDGET: $200,000

*Direct and Necessary expenses include both Department Support Services (Human Resources $2,785, IT Support
$4,773, Safety $689, Financial Support $2,138, Communications Support $1,141, Planning Support $704, and
Procurement Support $235) and Division Support Services $3,108. The sum of expense detail amounts listed is $15,573,
slightly different from $15,572 shown in the budget overview table and project budget due to rounding. Department
Support Services are described in the agency Service Level Agreement, and is billed internally to divisions based on
rates that have been developed for each area of service. These services are directly related to and necessary for the
appropriation. Department leadership services (Commissioner’s Office and Regional Directors) are not

assessed. Division Support Services include costs associated with Division business offices and clerical support. Those
elements of individual projects that put little or no demand on support services such as large single-source contracts,
large land acquisitions, and funds that are passed-thru to other entities are not assessed Direct and Necessary costs for
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those activities. For this work plan, database development and maintenance activity (Activity 1) with an associated cost
of $20,000 has not been assessed Direct and Necessary costs.”

Explanation of Use of Classified Staff:

Any classified position paid for with ENRTF funds will either be 1) backfilled with a new position or 2) the work
previously done by this position will be delayed, eliminated, or completed by the start of the project.

There is one classified position currently working on a separate ENRTF project to be paid partially by this grant.
Including the Hydrologist 3 in the project utilizes existing technical expertise in the subject matter to improve
efficiency of the database design and the development of procedures and methods. A portion of the Hydrologist
3 time (0.15 FTE) will be paid by this grant and the remaining portion will be paid by Clean Water Fund or an
amended ENRTF project, subject to approval.

Explanation of Capital Expenditures Greater Than $5,000: NA

Number of Full-time Equivalents (FTE) Directly Funded with this ENRTF Appropriation: 2.1

Number of Full-time Equivalents (FTE) Estimated to Be Funded through Contracts with this ENRTF
Appropriation: estimated 0.3 FTE

B. Other Funds:

S Amount S Amount
Source of Funds* Proposed Spent Use of Other Funds
Non-state
S S
State
SO $10,000 Funds were used to pay MNIT to fully
develop the GIS database with all the
functionality requested by users in the
DNR, Minnesota Geological Survey and
University of Minnesota, department of
Earth Sciences.
TOTAL OTHER FUNDS: | $ $10,000

*no other funds are planned at this time.

VIl. PROJECT STRATEGY:

A. Project Partners: The Minnesota Geological Survey will partner with the DNR to maintain the existing MN
Karst Features Database (KFDB) as the repository for karst features and associated spring information as a
research database primarily for the southeast Minnesota karst landscape. The State Spring Inventory Database
development will be coordinated with the existence and continued use of the KFDB as a research database
managed by the Minnesota Geological Survey.

B. Project Impact and Long-term Strategy:

Springs are natural features that return groundwater to surface waters. The groundwater that discharges from
springs is critical for maintaining surface stream flow in Minnesota’s streams and rivers. The quantity and quality
of that water has a direct impact on surface water ecosystems and human use of those rivers and streams. This
information is critical for Total Maximum Daily Load (TMDL) implementation strategies, impaired waters
remediation, trout stream management, ground water protection and allocation issues, and local land and
water management decisions. The state spring inventory is part of a long-term continuing need to identify,
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assess, and monitor all parts of the hydrologic cycle so that observed or projected hydrologic system response to
change, whether climatic or anthropogenic, can be accurately interpreted.

The long-term strategy is to conduct the inventory, establish the Spring Inventory at DNR as an ongoing
hydrologic cycle database on the same basis as the existing DNR stream gaging, groundwater level monitoring,
climatology, and related hydrologic cycle databases.

C. Spending History:

Spring inventory work has been an on-going task in southeast Minnesota for over fifty years. Various groups
including private citizens, DNR, U of M, USGS and a multitude of local governments have located springs. Much
of this spring information is included within the existing Karst Features Database for southeast MN. In terms of the
three ENRTF-supported Springshed Mapping projects, spring inventory has been an integral part of each project
and is embedded in the process of dye trace design and springshed characterization. As part of the Springshed
Mapping projects, DNR staff estimate they spent approximately 10% of their time on spring inventory while U of M
staff estimate they spent approximately 5%. With a total ENRTF allocation of $1,270,000 for the three phases of
the projects, those percentages result in an estimated $93,250 spent on spring inventory tasks. The spring
information collected as part of the Springshed Mapping work has been incorporated into the Karst Features
Database.

M.L. 2007 M.L. 2009 M.L. 2011 Total

Funding Source Spr:ingshed. Spr:ingshed. Spr.ingshed. Projt'ect
mapping funding | mapping funding | mapping funding funding

(inventory) (inventory) (inventory) (inventory)
ENRTF to DNR $125,000 $250,00 $220,000 $595,000
(512,500) (525,000) (522,000) (5$59,500)
ENRTF to UM $145,000 $250,000 $280,000 $675,000
(57,250) (512,500( (514,000) ($33,750)

Total $270,000 $500,000 $500,000 $1,270,000
(519,750) (537,500) (536,000) (593,250)

VIIl. ACQUISITION/RESTORATION LIST: N/A
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IX. VISUAL ELEMENT or MAP(S): See inserted map below of existing spring inventory.

Springs in 2014 Karst Features Database
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X. ACQUISITION/RESTORATION REQUIREMENTS WORKSHEET: N/A
XI. RESEARCH ADDENDUM: N/A

XIl. REPORTING REQUIREMENTS:
Periodic work plan status update reports will be submitted no later than 15 January 2015, 15 August 2015, 15

January 2016, 15 August 2016 and 15 January 2017. A final report and associated products will be submitted
between June 20 and August 15, 2017.
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M.L. 2014 Project Budget

Project Title: State Spring Inventory for Resource Management and Protection

Legal Citation: M.L. 2014, Chp. 226, Sec. 2, Subd. 05b

Project Manager: Jim Berg

ENVIRONMENT

AND NATURAL RESOURCES

Organization: Minnesota Department of Natural Resources

TRUST FUND

M.L. 2014 ENRTF Appropriation: $ 200,000

Project Length and Completion Date: 3 Years; June 30, 2017

Date of Report: Julv 14 . 2017

ENVIRONMENT AND NATURAL RESOURCES TRUST
FUND BUDGET

Activity 1
Budget

Amount Spent

Activity 1
Balance

TOTAL
BUDGET

TOTAL
BALANCE

BUDGET ITEM

Personnel (Wages and Benefits)

$158,607

$158,607

$0

$158,607

$0

two positions, total 2.1 FTE for direct project activities

Hydrologist 3: est. $33,500 (1 classified @ 0.15 FTE for two
years), 64% salary, 36% benefits

Research Analysis Specialist: est. $125,107 (1 unclassified @
0.8 FTE for year 1 (hire Aug or Sept) and 1 FTE for year 2), 75%
salary, 25% benefits

Professional/Technical/Service Contracts

Support for spring component of Karst Features Database.
Minnesota Geological Survey

$6,564

$6,564

$0

$6,564

$0

Database design and specialty programming services. MN.IT
service level agreement

$13,436

$13,436

$0

$13,436

$0

Direct and Necessary Services for the Appropriation

$15,572

$15,572

$0

$15,572

$0

Equipment/Tools/Supplies

Data acquisition field equipment to develop and test field
procedures: field data tablets, GPS equipment, misc. tools and
supplies for field data collection and equipment maintenance.

$2,150

$2,150

$0

$2,150

$0

Travel expenses in Minnesota

Fleet charges for cars, trucks, minivans, est. $2,621; lodging,

meals, mileage as per state contracts, est. $1,050
|COLUMN TOTAL i $200,000i $200,000i $Oi $200,000i $O|

$3,671

$3,671

$0

$3,671

$0




LEGACY DATA IN THE MINNESOTA SPRING INVENTORY

Gregory Brick

Minnesota Department of Natural Resources, 500 Lafayette Road, St. Paul, MN 55155 USA,

gregory.brick@state.mn.us

Abstract

Past spring inventories have covered certain parts
of Minnesota reasonably well; notably, the springs
of the Minneapolis-St. Paul metropolitan area and
the southeastern Minnesota karst. But hitherto, there
has not been a systematic effort to create a uniform
statewide inventory. The first step, before hunting
down new springs, was to compile existing data and
the most fruitful source of hydrological legacy data for
the Minnesota spring inventory was the Department of
Natural Resources (DNR) Fisheries files. Once entered
into a GIS-capable database, these spring locations can
help “seed the ground” so that when crews finally do
take to the field to map more springs, they will have
known examples to work from. Good baseline and
time-series data should also help evaluate the impact
of climate change and land use changes on Minnesota’s
springs over time.

Infroduction

Past spring inventories have covered certain parts of
Minnesota reasonably well; notably, the springs of the
Minneapolis-St. Paul metropolitan area (Brick, 1997)
and those of the southeastern Minnesota karst (Gao
et al., 2005). There has not been a systematic effort to
create a uniform inventory for the rest of the state—a
much larger, glaciated area. In 2014, state funding was
provided for starting such a database. The first step was
to compile existing data, which turned up in unexpected
places, as explained below.

While there have been numerous other spring inventories
around the country over the years, the neighboring state of
Wisconsin’s has been the most relevant for comparison.
The Wisconsin Conservation Department (WCD) from
1956 to 1962 mapped more than 10,000 springs in that
state, the core of their present survey (Macholl, 2007).
Conservation officers, familiar with their own areas,
plotted the springs and recorded data such as flow rate
and water temperature. Some of the points are not well
defined, including features like the proverbial spring-fed
lake. Indeed, the word “spring” was not even defined,
nor distinguished from a seep. The Wisconsin Geological
and Natural History Survey maintains an active research
program involving these springs today, building on this
earlier foundation (Swanson, 2013).

Setting aside for the moment differences from Wisconsin
in climate and geology, and judging strictly by
proportionate area, Minnesota should have about 15,000
springs, all else being equal. Even more than that, if you
consider that only two-thirds of Wisconsin was covered
by the WCD survey.

Minnesota’s Karst Features Database
The southeastern corner of Minnesota already has an
existing spring inventory as part of its Karst Features
Database (KFDB) which includes 2,648 springs (as
of March 15, 2015). As described by Alexander and
Tipping (2002):
“Since the early 1980s, the Minnesota
Geological Survey and Department of Geology
and Geophysics at the University of Minnesota
have been mapping karst features and
publishing various versions of their results in
the form of 1:100,000 scale County Geologic
Atlases. In the mid-1990s, the Minnesota
Department of Natural Resources was assigned
responsibility for the hydrogeology portions
of the County Atlases and is now responsible
for the karst mapping.... A karst feature
database of southeastern Minnesota has been
developed that allows sinkhole and other
karst feature distributions to be displayed and
analyzed across existing county boundaries
in a GIS environment. The central DBMS
is a relational GIS-based system interacting
with three modules: spatial operation, spatial
analysis, and hydrogeological modules. Data
tables are stored in a Microsoft ACCESS 2000
DBMS and linked to corresponding ArcView
shape files.... The karst inventory points were
features such as sinkholes, springs, and stream
sinks extracted from the karst feature database
of southeastern Minnesota. Both inventory
points and karst feature database are updated
on regular basis. This research was supported
with funding from the Minnesota Department
of Health.”

The relational structure of the KFDB involved a total
of 15 tables: a top-level karst feature index table, 12
mid-level tables to encompass the 12 entities and two
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bottom-level tables for addresses and remarks (Gao et
al., 2005).

Unexpected Trove

The KFDB notwithstanding, Minnesota’s equivalent of
the WCD spring survey turned out to be elsewhere in the
veritable trove of spring legacy data in the DNR Fisheries
files. Springs are important for providing proper habitat
for trout and other fishes. By the 1940s stream surveys
were conducted for fishable streams ranging from
major trout streams, like the Root River, to diminutive,
unnamed urban creeks and rural ditches. Among these
features there will be found data on springs, including
location, estimated flow rate, and temperature, similar to
the WCD survey. Duplicates of these forms are archived
at the DNR’s Central Office in St. Paul, MN where
they are filed by county, one stream per manila folder.
Major rivers straddling multiple counties, such as the
Minnesota and Mississippi rivers, have their own folders
(The folder for the Minnesota River valley listed 500
springs where few had been known before). Streams are
further identified by their Kittle Code, which identifies
the watershed and order of tributaries. The folder also
contains a stream management plan, “shocking notes”
(the basis of electrofishing population assessments),
creel censuses, hand-colored maps, onion-paper
correspondence, yellowed newspaper clippings, and so
forth. These folders are stored in more than three dozen
tightly stuffed drawers of a huge mechanical KARDEX
Lektriever (Figure 1). While the latest DNR stream
surveys are being made available electronically the vast
bulk of spring data can only be manually accessed from
these hardcopies. Exact numbers are not yet tallied but
the KARDEX “fishing expedition” likely netted several
thousand features.

The Stream Survey is divided into many sections,
evaluating the fitness of the stream as fish habitat and
recording what species were found there. Section 29
covers “Tributaries and Springs.” Spring locations
are given in terms of miles from the river mouth. GPS
coordinates have become more common in the recent
stream surveys. For comparison, the stated accuracy of
the original WCD survey is one quarter section (Macholl,
2007).

However, different DNR fisheries field offices had
different traditions of how to fill out the stream surveys.
A striking juxtaposition is provided by neighboring Cook
and Lake Counties on the North Shore of Lake Superior.
Cook County has an abundance of recorded springs and
Lake County, very few. Yet this turned out to be merely
a reporting difference, not a real one.
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Moreover, the folders will sometimes contain hand
sketched maps with spring locations not mentioned in
Section 29, so the entire folder for a given stream must
be examined (Figure 2). Given the reported decline in
spring flow with time (Surber, 1924; Moyle 1947) and
given the decades over which these files have been
amassed, it is possible that the springs were visible at
one time but not another. Or perhaps the record reflects
climate change or land use changes over the years.

There are drawbacks to the stream surveys from the
perspective of a geologist. Spring classification is
rudimentary in the extreme. Some of the more detail-
oriented surveyors adopted a crude, three-fold scheme,
dividing them into bank, bed, and cave springs. Apart
from general remarks in the report itself, the geologic
context of the springs is entirely lacking. The formation
name, lithology, and so forth are not indicated.

The single most valuable find among the DNR stream
surveys was a comprehensive 1922 map of the springs
of the North Shore drafted on linen, 1.5 meters long,
by Thaddeus Surber (1871-1949). Surber wrote an
accompanying report for the North Shore (Surber, 1922)
in which he points out some hydrologic paradoxes that
will be the subject of a future paper by the present author.
Surber is best known for his work as an aquatic biologist
in southeastern Minnesota, where during his Root River
survey of 1918 and 1920 he “traveled afoot along its
many branches upwards of a thousand miles” (Surber,
1941). Mel Haugstad (1930-2013), a dedicated DNR

KARDEX

Figure 1.
mechanicalfile retrieval system at DNR Fisheries,
a trove of legacy spring data. Greg Brick shown
with the 1922 Surber linen map of North Shore
spring locations, a valuable cartographic find
hidden among the old stream surveys.

Spring-hunter’s  delight.



Crystal Creex

Figure 2. A blueprint showing spring locations in Carlton County, MN, as an example of legacy
data. From Surber (1925), image processed by Holly Johnson (DNR).

fisheries manager, hiked the tributaries again adding
further details.

The Lanesboro Fish Hatchery, established at Lanesboro,
MN in the 1920s, is the repository of Haugstad’s legacy
data. In ahuge project directed by the Minnesota Pollution
Control Agency (MPCA) the paper quadrangles with
Haugstad’s detailed annotations are being scanned to
make them more widely available (Broberg and Ignatius,
2015).

In addition to DNR Fisheries another DNR program,
the Minnesota Biological Survey, has a database of
seepage indicator plants—some of them rare—and lists
of “rich” (i.e., groundwater-fed) fens, which harbor mud
springs. Many of these are located along the “fenland
arc” sweeping up the Minnesota River valley and along

the edge of Glacial Lake Agassiz towards the Canadian
border.

Another prolific source of legacy spring data was past
publications of the Minnesota Geological Survey (MGS),
especially the original county geologic reports by
Winchell, Upham, and others from 1872 onwards. Here,
the most surprising results included the number of cities
in drier western Minnesota that were using springs as a
municipal water source into the early twentieth century.
Many of the standard county histories assembled in the
reading room of the Minnesota History Center in St.
Paul, have a geology chapter that is often just a reprint of
this original MGS report.

The U.S. Geological Survey (USGS), especially its
Water-Supply Papers, was consulted, and the Geographic
Names Information System (GNIS) maintained by the
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USGS lists 10 named springs for Minnesota quadrangles
and many more place names containing the word
“spring.” Neighboring Wisconsin has 166 named springs
listed in GNIS, perhaps because the mappers there
chose to identify more of them by name. Once again,
we find an illusory geological “fault line” along political
boundaries. These sorts of boundaries bedevil attempts
to create multi-state karst inventories.

Laurentian Mixed
Forest Province

Unfortunately, no simple query in GNIS can extract the
much larger number of features simply labeled as springs
(without a proper name) on USGS quadrangles.

The National Water Information System (NWIS),
also maintained by the USGS, is a large repository
of hydrological legacy data from many sources, but
has limited and sporadic coverage for 43 springs in

m  New Spring
® KFDB Spring

Stream

Figure 3. Many “new” legacy spring locations are beginning fo populate the map of Minnesota,
whereas the KFDB is heavily focused on southeastern Minnesota. Jeff Green and Holly Johnson

assisted with map preparation.
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Minnesota; chiefly a cluster in the upper Minnesota
River valley and a cluster of brine springs on the Grand
Portage Indian Reservation, apparently in support of
various USGS investigations. The U.S. Forest Service,
especially in the Boundary Waters Canoe Area, has also
compiled spring locations.

Combining these sources, the big white space on the
map outside of southeastern Minnesota is becoming
populated with legacy springs (Figure 3).

Conclusions

The most fruitful source of hydrological legacy data
for the Minnesota spring inventory was the DNR
Fisheries files. Before hunting for unmapped springs,
it’s important to utilize such data. Once entered into a
GIS-capable database, these locations can help “seed the
ground” so that when crews finally do take to the field
to map more springs they will have known examples to
work from. Good baseline and time-series data should
also help evaluate the impact of climate change and land
use changes on Minnesota’s springs over time.
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Minnesota Spring Inventory
Guidance Document

The Spring — College of St. Catherine. Used with permission from St. Catherine University
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Section 1: Introduction

The purpose of this document is to provide a framework for statewide data gathering and processing for
the Minnesota Spring Inventory (MSI). The inventory is being conducted to help provide information and
protection for a valuable yet poorly understood resource. The information can be used to identify
sampling locations, monitor groundwater conditions, guide fish stocking locations, site park trails, identify
and monitor critical habitat, and identify conditions for building construction.

Spring data are collected from historical information, existing surveys, on tablets in the field using an ESRI
Survey 123 web mapping application, by citizens using the web based Minnesota Spring Inventory
Recording Application, stream surveys from DNR Division of Fisheries and Wildlife, Minnesota Geological
Survey Karst Features Database, postcard surveys, and other available sources. Legacy data is
incorporated though compilation of historical documents and surveys.

Once the spring data are entered into the MSI, it can be accessed via Quicklayers and a web interface. The
system is based on the known diversity of Minnesota springs using a Minnesota Geological Survey Karst
Features Database classification as the starting point. The protocol is adapted from existing historical
inventories based on Sada and Pohlmann (2002), and is similar to other widely used spring inventories
(See Appendix B). The steps are as follows:

1. Compiling existing information (Data mining): existing inventories and spring legacy data are collected
into the database.

2. Level | field survey (mapping): springs are mapped and georeferenced in the field and basic data is
recorded.

3. Level ll field survey (sampling): springs are sampled for selected geochemicals as a baseline for future
studies.

4. Level lll field survey (monitoring): selected reference or sentinel springs are monitored on an on-going
basis.

The first two steps have been underway since 2015 and will extend into 2019 with current funding. Level
Il and Il surveys would occur if funding becomes available. Deliverables to date include the MSI database,
the survey tool (Survey 123), the MSI Reporting App (citizen app), this guidance document, and the data
entered to date.

Potential users of the MSI include the Minnesota Department of Health; Minnesota Department of
Natural Resources; Minnesota Department of Transportation; Minnesota Pollution Control Agency;
county, city, and township governments; soil and water conservation districts; watershed management
organizations; environmental and engineering consulting firms, and the University of Minnesota
departments of Earth Science, Ecology and Behavioral Biology, and Soil, Water, and Climate. Users among
the general public who have a natural interest in this topic include those interested in trout fishing,
potable spring water, nature studies, and photography.

1.1 Need for a Statewide Spring Inventory

A Minnesota Spring Inventory (MSI) was recommended in the Environmental Quality Board’s report,
Managing for Water Sustainability: Report of the EQB Water Availability Project (December 2008). Spring
mapping is listed as an action item in the DNR’s “Long-Term Protection of the State’s Surface Water and
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Groundwater Resources” report to the Legislature (January 2010). The existence and location of springs
is one of the questions in the Environmental Assessment Worksheet/Environmental Impact Statement
process.

Springs are considered “waters of the state.” According to Minnesota statute Chapter 103G, “Waters of
the State means surface or underground waters, except surface waters that are not confined but are
spread and diffused over the land.” As groundwater, springs are given protections as laid out in Chapter
103H.

Springs support coldwater fisheries and ecological systems dependent on cold groundwater. Springs help
ecologists study biodiversity and test hypotheses about the distribution of organisms. Many streams,
including trout streams, would not exist were it not for the presence of springs. Springs can serve as
hotspots of biodiversity. Some rare Minnesota plants are seepage dependent, as are calcareous fens.
Unregulated or even regulated use of spring water can deprive groundwater-dependent ecosystems
(GDEs) of their sustaining resource, causing degradation. Springs serve as indicators of groundwater
quality and quantity supplementary to monitoring wells or water wells. Without a comprehensive
inventory, government units at all levels may make water and land-use decisions without knowing of these
groundwater dependent resources.

1.2 Definition of a Spring

A spring is a focused® natural discharge? of flowing® groundwater?.

1. A spring has focused flow from a discrete source (as opposed to a pool of accumulation). By contrast
seeps do not have noticeable flow.

2. Springs are natural discharges. This inventory does not map artificial situations such as flowing
artesian wells and groundwater that appears in excavations.

On the other hand, pipes that are installed in natural springs to improve their flow should be mapped
as springs. The distinction depends on whether the pipe establishes the connection with underlying
groundwater or merely enhances it, and if that can be determined by historical records or by
measuring the depth of the well. The deeper the pipe, the better chance that it is actually a well and
not a modified spring.

3. Flowing water distinguishes springs from seeps. A seep is caused by diffuse discharge and does not
involve noticeable flow at its outlet, except where seepage forms pools of accumulation, where it
often mixes with surface water.

The flow rate of a spring typically varies over a range that can change with the weather, season, and
over rainfall/drought cycles of many years. Spring discharge after a rainy spring season will often
exceed discharge after a dry summer. But there are also long-term declines, when springs “dry up”
due to climatic changes, paving of their recharge zones, or groundwater appropriation by nearby wells
or quarries.

Discharge can be to the land surface or underwater into a lake or stream. For the purposes of this
inventory, lake and stream springs are only mapped if the submerged discharge is strong enough to
suspend ("boil") particles, ripple the surface, or melt holes in winter ice cover. Spring-fed lakes and
streams are not mapped as springs.

The definition of springs can be context dependent: what constitutes a spring in the desert might be
considered unworthy of mapping in a humid region.



This guidance document proposes an average discharge rate of 1 gpm as the lower limit for springs in
Minnesota. The flow will be estimated or measured during field mapping. Even if the flow drops below
1 gpm at a later time, the feature will remain mapped as a spring. Flows less than 1 gpm are still
springs, but not ones that we intend to map systematically. See Appendix C for more details.

4. Groundwater will include other terms such as “water” or “underground water” within the present
definition so as to include soil-water springs.

Seep—Seepage is an important form of groundwater discharge but it is not the intent of the inventory to
create a complete inventory of seeps. Ecologically significant seepages should be included such as
Black Ash Seeps that collectively form significant flows, or seepages that are the only form of natural
groundwater discharge in an area otherwise devoid of springs, should be included when they are
encountered in the search for springs. For the purposes of this inventory, there is a seep
corresponding to each type of spring.

For alternative spring definitions, see Appendix A.

Section 2: Survey Protocols

This spring monitoring protocol is adapted from Sada and Pohlmann (2002) but is similar in form to widely
used spring inventories. For a description of this and other spring inventories, see Appendix B.

Such protocols are arranged into four stages.

1. Compiling existing information (data mining): existing inventories and spring legacy data are added to
a database.

2. Level | field survey (mapping): springs are georeferenced in the field and some basic data recorded.

3. Level Il field survey (sampling): selected springs are sampled for geochemicals to serve as a baseline
for future studies.

4, Level lll field survey (monitoring): selected reference or sentinel springs are monitored on an ongoing
basis.

2.1 Compiling Existing Information (data mining)

2.1.1 Existing Spring Inventories

The present Karst Features Database (KFD) is a relational GIS database (contains 2,991 recorded springs
as of October 25, 2016), accessible remotely by approved users. A current version is available on the
Minnesota Geological Survey (MGS) FTP site. Features include sinkholes, stream sinks, springs, and caves,
although the caves are not listed in the public data set. Though the vast majority of the features are
located in the southeastern karst counties of Minnesota, there are a scattering of points elsewhere,
especially the Minneapolis-St. Paul area and Pine County. The Minnesota Department of Natural
Resources is currently producing the hydrogeology plates of the county atlases and is responsible for much
of the karst mapping.

Outside of Minnesota, the Wisconsin Geological and Natural History Survey (WGNHS) has the most active
program. Past surveys with a variety of goals have been conducted in California, Florida, lllinois, Kansas,
and Missouri. For a description of this and other spring inventories, see Appendix B.

Minnesota historical surveys and data sources are as follows.



Thaddeus Surber (Minnesota Game and Fish Department) hiked many miles of trout streams in
southeastern Minnesota, recording spring locations in 1918 and 1920, and on the North Shore of
Lake Superior in 1922.

DNR Fisheries and Wildlife staff has recorded the locations of many Minnesota springs as part of
their Stream Survey Reports, from the 1940s onwards.

The Root River was resurveyed by Johnson and Moyle (Minnesota Department of Conservation) in
the 1940s and by Mel Haugstad (DNR Fisheries) from the 1960s to 1990s.

The most direct contributions from the 1970s onwards were from the efforts of Calvin Alexander
(University of Minnesota), Jeff Green (Minnesota DNR), Bob Tipping (Minnesota Geological Survey),
and others in establishing the Karst Features Database and delineating springsheds in the
southeastern corner of the state.

In the Minneapolis—Saint Paul area, Greg Brick (1997) mapped more than a hundred springs in seven
spring lines in the early 1990s as part of an undergraduate thesis project at the University of
Minnesota.

During an informal voluntary email poll of DNR staff in December 2014, numerous state park rangers
and wildlife managers submitted information about springs in the areas they were responsible for.

The locations of many springs are already published in technical literature, such as USGS topographic maps

and Water-Supply Papers, and MGS Annual Reports and Bulletins. Recording these spring locations before

any fieldwork is done and using them to guide future fieldwork is an effective cost-saving measure. When

chemistry, flow rates, or other legacy data are found, they offer the possibility of comparison with modern

values and concluding something about long-term trends (Brick, 2015). Listed below are some of the

sources of legacy data and places where spring information has been acquired, in addition to the Karst
Features Database:

Original Public Land Surveys
DNR Quick Layers coverage in ArcMap
U.S. Geological Survey:

— Geographic Names Information System (GNIS)
— Hydrologic Investigations Atlases (HA)

— National Water Information System (NWIS)

— 7.5-Minute Quadrangles

— Water-Supply Papers

U.S. Forest Service—hydrologic reports
Minnesota Geological Survey publications
— County geologic reports and atlases
— Miscellaneous Map Series

Minnesota Pollution Control Agency spring studies for Watershed Restoration and Protection
(WRAP) projects.

DNR Fisheries—Stream Survey Reports

Minnesota County Biological Survey—seepage indicator plants, list of rich (groundwater) fens.
County Soil Surveys

Watershed Management Organizations reports sometimes include maps of spring locations.

Colleges and university researchers, especially environmental, geology, geography, and water
resources departments.

Angler groups



e |ake associations
e Historical societies

e Voluntary email poll of state agencies with relevant stakeholders, DNR, Minnesota Pollution Control
Agency, Minnesota Department of Agriculture, and Minnesota Department of Transportation.

e (Citizen input from the DNR public information webpage.
2.1.2 Locational Data Accuracy and Location Certainty

Springs data has come over time from a variety of sources with a varied accuracy. Therefore, spring
locations are characterized in the database according to locational accuracy. Several factors relating to
how the spring location information was acquired affect the reliability of the locations. Therefore, spring
locations in the database are also characterized according to locational certainty.

Locational accuracy

DNR field staff have logged springs since January 2016 using GPS units or field data collection tablets with
an accuracy of approximately 1 to 3 meters. However, a large number of spring location information was
obtained with field GPS units with £3 to 15 meter accuracy. Other locations were determined with GPS
units during the initial time period when the GPS signal available to civilians was deliberately degraded to
130 to 100 meter accuracy for national security reasons. Older data were plotted on paper quadrangles
in the field and then manually digitized with varying levels of accuracy, while other locations were loosely
estimated as part of other studies. The various data have been adjusted with the help of persons
knowledgeable about the field areas with tools such as 1-meter resolution LiDAR and aerial photography
(black and white, color and color infrared CIR).

Locational certainty

Springs are classified in the database from most certain to least certain to the following hierarchy (The
letter is the third character in the relate ID database.).

1. “A” spring

2. “S” spring

3. Candidate spring

4. Citizen spring
“A” spring is highest level of location certainty. These are field confirmed spring locations. The MSI team
(staff from the DNR, Minnesota Geological Survey, and the University of Minnesota Department of Earth
Sciences) know the location is valid because they have been there. The spring inventory team may
promote a location to “A” if the data are from a professional and reliable source with some key data (GPS
location, date, approximate flow rate, etc.). These situations will be considered on a case by case basis.

“S” springs are probable locations based on evidence. The majority of these spring locations were
imported into the MSI from the KFD. Much of the KFD data was originally plotted on paper quadrangles
in the field and then manually digitized with varying levels of accuracy. Someone with field and map
experience should be able to find “S” springs in most cases. These legacy data have a range of accuracy
and certainty depending on the techniques, tools, and experience of the professionals who originally
mapped them.

Candidate springs are possible locations. The location could vary significantly from the database or the
spring may not exist. A major source of legacy data is the DNR Fisheries stream surveys, whose collection



is governed by successive editions of the Fisheries Stream Survey Manual. Ongoing operations employ
GPS units to collect data, but older spring records beginning in the 1940s have generally not been updated
with GPS. According to Jeff Green (pers. comm.), these early surveys involved fisheries staff steel-taping
their way upstream, measuring distance from the mouth of the stream, and noting whether the spring (or
spring run) was on the right or left bank. These data were extracted by EWR staff from stream survey
reports and transferred into the database using an automation script as candidate springs. Candidate
springs have the least locational certainty and do not have unique numbers until they are promoted to
“S” springs by qualified MSI database users.

Citizen springs are the least certain source. Locations are entered through a web based reporting
application (mndnr.gov/MnSpringlnventory) from anyone in the state. Springs that are sent in by citizens

require an extra level of examination and are rejected if found to be duplicates, or if situated in
improbable locations (such as hilltops) without other information to verify (e.g., photo or contact
information). If the other information is found to be plausible they can be promoted to candidate status
or an “A” spring though field location.

Other locational issues can include:
1. Spring orifices occasionally move substantial distances, both from natural and human causes.

2. Springs are typically larger than the coordinates recorded by modern, sub meter, accurate GPS units.
The precise location points record where the GPS instrument was when the location was recorded.
That location is rarely in the middle of any but the smallest springs.

3. Many, even very large springs, can be ephemeral and may not be flowing when a spring is visited.


http://www.dnr.state.mn.us/waters/groundwater_section/springs/msi.html

2.2 Level | Surveys - Mapping

Level | surveys locate, map, and record basic data for the springs. This can constitute a 10-20 minute site
visit. The information collected can help resource managers prioritize which springs deserve further study.
As funding becomes available, the use of other available technology could be possible, such as thermal
remote sensing or drones (Appendix G).

2.2.1 Field Preparation

Permission

The initial focus of the inventory has been the springs of public lands. The managers of these units will
often have some good ideas about where to look for springs. They need to be informed before fieldwork
begins that you will be operating in their terrain. Sometimes there are places even within public land units
that are out of bounds, such as wildlife breeding areas.

Springs on private land require owner permission prior to inventory. Property ownership information is
available on-line for many Minnesota counties through the Minnesota Geospatial Information Office
(http://mngeo.state.mn.us) or the Minnesota Assessor’s website (http://minnesotaassessors.com ). Once

a likely corridor of springs has been identified, property owners must be contacted and permission
secured on a voluntary basis before entry. This can be done through phone calls or direct mailings.

Season

Fieldwork in winter is probably the most advantageous for detecting springs, which leave melted patches
in snow and holes in lake ice. Icicles and ice domes may mark impermeable horizons in rock outcrops,
suggesting that springs could be nearby. Winter is also when baseflow is easily gauged. However, it is a
poor time to record biota, and snow may conceal other concerns such as trampling by livestock. Summer
or fall is most practical in terms of access and identifying biota, but variations in weather can influence
the hydrology and water chemistry. Field technicians should also stay out of the woods during hunting
season in fall. Fieldwork in spring may be problematic because vernal pools can easily be confused with
forest seepages. Meltwater runoff impacts spring discharge and chemical analyses. When prospecting
along rivers, springs may be entirely drowned by seasonal high water, and real time flood stage data, as
from the USGS website, should be consulted before scheduling a trip.

Wet and dry weather each have different but complementary advantages. Wet weather sometimes brings
out intermittent or overflow springs that are not visible at other times. Dry weather lowers stream levels
revealing springs that were not visible otherwise.

Other factors to consider are accessibility or remoteness of the field area and availability of field help.
Equipment

Limited field equipment is required for Level | reconnaissance surveys. It should readily fit inside a
backpack, or two backpacks when a field assistant is available. Key equipment necessary for a Level |
survey includes the following:

e Tablet for data entry with customized ESRI survey software and GPS capability. The tablet also has a
built in camera, and automatic syncing of data to a server based database. The tablet also provides
aerial imagery and road maps for navigation to and from the site. The most useful ArcMap layers


http://mngeo.state.mn.us/
http://minnesotaassessors.com/

have been found to be LiDAR hillshade, Public Recreation Information Map (PRIM), karst features,
and calcareous fens, at a scale of 1:24,000. The TRIMBLE GeoXT (handheld GPS unit) includes some
of these capabilities and is more rugged than the tablet.

Tile packages. Depending on the software and file size, selected areas of coverage may need to be
uploaded to the tablet before leaving the office. Tile packages can be downloaded at different scales
so the user can zoom in on them as necessary. The procedure is detailed in Appendix F.

e  Multi-parameter probe to rapidly measure water parameters such as temperature, pH, conductivity,
and dissolved oxygen

e Clipboard and blank survey forms as a backup in case of tablet or GPS unit malfunction (Appendix C)
e Container of known volume, such as a gallon jug or graduated bucket, preferably collapsible

e Short length of plastic pipe

e Plastic dropcloths can be used to collect or route spring water

e Stopwatch or other time device to measure spring flow rates

e Discharge estimation chart (Appendix D)

e I|dentification charts for the more common biota of interest (Appendix E and others)

e Compass for measuring the orientations of various features such as spring alcoves, cave entrances,
spring brooks, the inclination of slopes or strata, etc

e Tape measure or survey rod for miscellaneous field measurements, such as the dimensions of
stream channels

e Vial of hydrochloric acid for determination of limestones, calcareous deposits, and lime-rich fen
soils, by the effervescence reaction

e Safety goggles for eye protection when using acids and when breaking trails through dense brush.
e Knee boots, hip boots, or waders for stream traverses

e Bug spray and tick gators

e Cell phone for emergencies

e Appropriate clothing and emergency equipment for winter field work

2.2.2 Field Data Entry

The following elements comprise a Level | survey and are recorded on an electronic field tablet and/or
the data sheet provided in Appendix C. Fields required to be completed are specially marked on the
tablet. Other fields are intended to be left blank until the requested data are readily available.

There is a minimum requirement for inclusion in the database.

e Springs with an estimated discharge of 1 gom or more are georeferenced.

e Springs with a flow rate greater than 5 gpm have additional data collected provided their physical
configuration is favorable to measuring the parameters without extensive preparation. Lower flows
present challenges to recording valid water parameters.

The following data should be collected approximately in the order given below. Glossaries on select

spring attributes follow. Some items on the tablet will provide more options after selecting “yes.”

Appendix C contains the printable Field Sheet as a backup to the tablet.

Spring Name—The official name is used, listed for example on USGS quads. The name given by the locals is recorded
as an alias if it is different. Most springs do not have official names and should be recorded as “unknown.” Some
springs have multiple aliases and to avoid confusion these should be recorded. Sometimes the names of springs
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will change over time to match the name of the current landowner, reinforcing the value of a unique identifying
code.

Location—(found at the bottom of the list) Springs are marked with the GPS unit at the head of the spring, after
following up the spring run. Seeps are marked with the GPS in the approximate center of the seepage or seepage
complex. DNR field staff use GPS units with submeter accuracy or field data collection tablets to find and log
springs. The field data collection tablets have positional accuracies of approximately 1 to 3 meters.

Subtype—A spring has focused flow from a discrete source. By contrast seeps do not have noticeable flow.

Feature Arrangement—Single or cluster of seeps and springs. If the discharge of springs from the same source is
confluent, it is recorded as a single spring (Figure 1). However, they should be recorded separately if it is
apparent that a confluent flow has contributing springs of differing character (as by differing spring deposits or
measurements with a multi-parameter probe). Springs with separate runs but very close together can be
mapped as a cluster. Springs with distantly spaced runs are mapped as separate springs.

1 spring : 2 springs
1 spring (confluent) spring cluster (farther apart than
(separate spring runs) the length of their

Spring runs)

Figure 1 — Map view of single and clusters of springs with spring runs.

Spring Type (Classification)

Many spring classifications have been proposed over the years, such as whether they discharge deep
crustal waters or derive from meteoric sources (Bryan, 1919), their discharge magnitude (Meinzer, 1923),
or their ecological “sphere of discharge”? (Alfaro and Wallace, 1994; Springer and Stevens, 2009). Glazier
(2014) provides an elaborate review of different criteria.

In Minnesota, DNR Fisheries has been carrying out stream surveys since the 1940s. While no formal spring
classification has been applied, springs have been usually grouped as bed, bank, or cave springs (Brick,
2015). Schwartz and Thiel (1954) divided Minnesota’s springs into four types: contact, depression/water
table, fracture, and artesian. Muck and Newman (1992), working in Minnesota’s southeastern counties,
divided springs into conduit (limestone) and diffuse (sandstone) flow springs.

1 The Sphere of Discharge terminology originally began with the three terms limnocrene, helocrene, and rheocrene.
First proposed by Bornhauser (1913) for the springs of Basel, Switzerland, this terminology was revived more recently
by Hynes (1970) and is currently in use by various entities conducting spring inventories, such as the National Park
Service, and by consultants in Minnesota. Springer and others (2008) expanded the categories to twelve. An example
of a confusing situation is their category of “cave spring.” The common acceptation of this term in Minnesota’s Karst
Features Database (KFD) and among geologists generally is where a stream exits a spring cave, and this is the
preferred usage proposed in this Guidance Document. According to Sphere of Discharge terminology, however, a
cave spring would be called a “gushette.” On the other hand, a cave spring in Sphere of Discharge terminology means
a spring resurging into a cave chamber; and so by definition, the groundwater has not reached the Earth’s surface,
as most definitions of springs require. Hypocrene is another category of “spring” without direct surface expression,
important in deserts, but outside the spring definition adopted in this document.
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An eclectic system is applied for this inventory based on the known diversity of Minnesota springs, with
the existing Karst Features Database (KFD) classification as its starting point. Once the spring data has
been entered into a relational database, any number of searches can be performed, allowing for the
construction of classifications based on other criteria. Both seeps and springs can have the same
geological settings. Thus, there are seeps emanating from contacts and springs emanating from contacts.

The following choices for type of spring are ranked in a general way, so that in cases where there is more
than one possible valid choice for a given seep or spring, the one nearer the top is the better or more
exact choice, whereas the other less exact terminology is near the bottom of the list. Specific examples
are from Minnesota.

Contact or bedding plane—Contact seeps and springs issue from the contacts between geologic formations or
members (unconsolidated or bedrock layers) whether those formations are horizontal or inclined. Examples are
the dozens of glacial —Decorah Shale contact springs in St. Paul. Also included are seeps and springs emanating
from bedding planes within a single geologic formation. Examples are the Magnolia—Hidden Falls springs of the
Platteville Formation in Minneapolis. Icicles frequently form in winter where seeps issue along contacts. If the
actual contact is obscured by something like colluvium or vegetation, the choice is inferred versus observed.

Fault, fracture, or joint—Seeps and springs that issue from secondary discontinuities in rock masses. An example is
Gasworks Bluff Spring in Minneapolis, which issues from a vertical fracture in the Platteville Limestone.

Cave—Seeps and springs that occur in karst and pseudokarst, where the water issues from the mouth of a natural
cave. An example of a solutional cave spring is Tyson’s Spring Cave, near Wykoff, Minn. While rare, examples of
pseudokarst caves include the springs in Carver’s Cave and the former Fountain Cave, both in St. Paul
(Pseudokarst mimics karst but is nonsolutional in origin).

Fen—A seep complex with possible springs within that issues on a known fen or related ecosystem, flowing by gravity
or artesian pressure. Gun Club Fen in Eagan is an example. Subtypes of features within fens are: fen spring
(flowing)—a spring within a fen complex; fen marl pool—a groundwater-fed pool with calcium carbonate
deposits in which flow may or may not be apparent; and fen peat—peat saturated to the surface by discharging
groundwater.

Fluvial—A seep or spring at or near the water-line in the bank or bed of a stream, whether subaerial or subaqueous.
Regardless whether stream level rises or falls, the spring will thus remain in this category. An example is the
Lawndale Spring, Rothsay Wildlife Area, which “boils” from stream bed alluvium.

Littoral—Refers to the shoreline of a pond or lake, and includes subaerial seeps and springs along the beach as well
as offshore boils and seepage. Regardless whether lake level rises or falls, the spring thus remains in this
category. Examples are the shoreline springs of Lake Shingobee.

Depression or water table—Seeps and springs that issue where the water table meets the base level of an adjoining
stream gorge or a low spot in the landscape. Examples are the Black Ash Seeps in Minneapolis, which marks the
water table in the St. Peter Sandstone where it meets the level of Minnehaha Creek.

Pipe—When groundwater issues from an artificial pipe it is often unclear whether the feature is a spring or a flowing
well. This category is only for cases where the pipe cannot immediately be traced back to a geologic feature in
one of the other categories. An example is the Great Medicine Spring in Minneapolis.

Historical—Springs can decline and stop flowing entirely or nearly so. These should still be recorded as springs, but
with a note that they are “historical.” Historic plaques can indicate the location, as at Mankato Springs. Former
springs can leave behind what Toth (1971) has called “discharge features” such as deposits and discolorations,
which can be used to get an accurate location in the field. This does not apply where the actual location itself
has been obliterated, as in the case of riverbank springs wiped out by meander migration.

Other—Includes such rare examples(for Minnesota) as mound springs, which issue from the top of low mounds built
up from spring precipitates, such as tufa or iron oxides, as along the Kettle River in Pine County. Estavelles are
sinkholes in karst which can temporarily reverse flow directions and overflow onto the land surface as a spring,
but are not common enough in Minnesota to warrant a separate category.
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Unknown—Includes unusual circumstances, if none of the above apply.

Artesian is a category seen frequently among spring classifications but is not used as a separate category
because it is not a geologic or landscape feature, and because it often requires additional geological data
to make a determination that is not available during a reconnaissance survey.

A lake should not to be mapped as a spring so there is no category for them. Most of the groundwater
entering lakes does so in the littoral zone (Pfannkuch and Winter, 1984). If noticeable these seeps or
springs should be mapped separately as littoral springs.

Attributes

Lithology—Choices for lithology are: limestone/dolomite, sandstone, basaltic, granitic, and unconsolidated. If a
specific formation name is known it can be entered under lithology comments.

Mineral Precipitation—The most common mineral deposits encountered among Minnesota springs are a
calcareous, often a whitish spongy deposit called tufa, which fizzes with acid. Iron oxides and hydroxides leave
behind an orange or reddish staining or deposit, and sometimes a mound in extreme cases. Manganese is often
present, occurring as a black coating on stream cobbles.

Flow Measurements—Discharge is to be estimated in a Level | survey, and only measured if it is readily
accomplished, as from a pipe orifice, culvert, or other fixed geometry. Flow is recorded in gallons per minute
(gpm) or cubic feet per second (cfs). One cfs is equal to 449 gpm. Flow can be measured by several methods:
estimated, bucket, flume, weir, area velocity, or tracer dilution. Appendix D contains descriptions of estimation
techniques and a table of rate conversions.

Field Measurements

Water quality parameter data can be used to indicate the general condition of springs and identify springs
that may require additional characterization. For example, if the springs of a region are usually oxidizing,
but one has a low dissolved oxygen, it may indicate special conditions that require chemical analysis in
the Level Il inventory. Daily calibration is required when collecting water quality parameters, consult the
relevant owner’s manuals for instructions.

Presence or absence of various organisms (fish, amphipods, plants)—While a scientific appraisal of these belongs
to a Level Il inventory requiring the expertise of a taxonomist, a brief note about their presence or absence is
helpful, especially if they are of management concern (e.g., endangered, rare, or invasive species). Also note
indicative species like watercress. The presence of fishes and macroinvertebrates (such as amphipods) will say
something about the spring environment. There’s a sharp dichotomy among temperate cold freshwater springs
between crustacean-dominated and insect-dominated springs (Glazier, 1991). Crustacean-dominated springs,
inhabited by freshwater shrimp (also known as amphipods or scuds) tend to be characterized by hard water and
low pollutants. Insect springs are soft waters of low alkalinity. Muck and Newman (1992) reported that the
common species of amphipod found at springs in southeastern Minnesota (Gammarus pseudolimnaeus) is an
indicator of good water quality and water temperatures below 20 °C. As a quick check for amphipods, briefly
shake vegetation or overturn a few stones in the spring, and if present they will be seen darting about. Appendix
E provides visual aids to the identification of biota.

Cryptogams (nonflowering plants as indicators)—A loose but useful traditional category containing nonflowering
plants. The groups included here capture some useful aspect of springs. Since most springs will have more than
one group present, the question is really about which group predominates. Springs with abundant orange flocs
or oil-like films are rich in iron bacteria, as seen in the shoreline springs of Lake Shingobee (Rosenberry and
others, 2000). Springs rich in algae could indicate an excess of nutrients, such as nitrate or phosphorus,
especially in agricultural areas, such as the headwaters springs of Beaver Creek State Park in Houston County.
Fungus growths could indicate a contamination problem, as with the Saprolegnia infestation, appearing as white
fuzz, at the Gasworks Bluff spring in Minneapolis, which drains groundwater from a Superfund site. Liverworts,
on the other hand, form part of the so-called splash community that surrounds falling springs, as at Hajduk
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Spring in Minneapolis. Mosses, especially those of the genus Fontinalis, are characteristic of many springs,
especially on the North Shore of Lake Superior.

Temperature—This may provide insight into source waters and is recorded in degrees Celsius (C°).

pH—The acidity or alkalinity of a solution will influence speciation of the minerals in solution. It also forms part of
the definition for calcareous fens. Measured with a multi-parameter probe in pH units.

Conductivity—Measures the ability of the water to conduct an electrical current and thus reflects the total dissolved
solids. It also forms part of the definition for calcareous fens. Specific conductivity is recorded with a multi-
parameter probe in micro-Siemens per centimeter (uS/cm).

Dissolved Oxygen (D.0.)—The amount of available oxygen in the spring water, indicating whether the groundwater
system is oxidizing or reducing. Dissolved oxygen is measured with a multi-parameter probe in milligrams per
liter (mg/L).

Oxidation Reduction Potential (ORP, redox potential, or Eh)—Measures an aqueous system’s capacity to either
release or accept electrons from chemical reactions. When a system tends to accept electrons, it is an oxidizing
system. When it tends to release electrons, it is a reducing system. A system’s reduction potential may change
upon introduction of a new species or when the concentration of an existing species changes. ORP values are
used much like pH values to determine water quality. Just as pH values indicate a system’s relative state for
receiving or donating hydrogen ions, ORP values characterize a system’s relative state for gaining or losing
electrons. ORP values are affected by all oxidizing and reducing agents, not just acids and bases that influence
pH measurement.” (Bier, 2009) ORP is recorded with a multi-parameter probe in millivolts (mv).

Other Useful Data

The following site attributes are reported by some other spring protocols. They are potential items to
include in the remarks field:

Historical notes—May be derived from local residents.

Disturbance/improvements—Is the site pristine or is there a pipe, springhouse, walled basin, watering trough, etc.?

Compass orientation—If applicable for measuring the orientations of various features such as spring alcoves, cave
entrances, spring brooks, the inclination of strata or slopes, etc.

Ease of access—Is the spring is near to roads or or does it require a lengthy hike through the bush to get there.

Watershed—Information which can be derived from maps at a later time, but is relevant because of the biota that
may be found at the springs.

Landscape position—Is it in the middle of a field, on a hillslope, outcrop, etc.?

Local relief—Is it flat, rolling, rugged, relevant to whether artesian flow could be involved?
Surrounding/upgradient land use: What crops are grown, or if it is wilderness, a campground, etc.?
Where the water goes—Sinks again or flows into a stream, lake, wetland, etc.
Sedimentology—Does the bottom substrate consists of sand or gravel, silt, clay, etc.?

Literature references: Added at a later time if it is important and relevant to the data set.

Weather—This helps know impact to variables recorded like flow rate, water chemistry, and so forth. In practice, it
may only be necessary to record this once per day, unless there is a significant change of weather.

Soil map unit—This can be determined back at the office, but by recording it certain patterns may come into focus.
For example, the association of the spring with a hydric soil, revealing a pattern that can be examined for even
more springs in further fieldwork.

Ecoregion—This can be determined back at the office, but it can place the biota and other observations at the spring
into perspective.

14



2.2.4 Quality Assurance

As a check on the quality of data actually collected, a knowledgeable person should review field data for
accuracy and consistency early in the field season. It is important to verify that the field technician is able
to recognize springs and seepages of all types. Sometimes the only clue from a distance is a subtle
difference in vegetation. The technician must also be able to recognize false springs such as tile drainage
outlets or overland flow. Flows must be properly estimated.

2.2.5 Post-survey database work
Once data are entered, it is transmitted wirelessly to a geodatabase on the DNR server as a candidate
spring . From there, the data is reviewed for accuracy and the spring can be promoted to a published

spring location (denoted with an “A” in the relatelD) by a database administrator. Springs are visible online
to the general public in the form of a map, along with general information such as flow rate.
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2.3 Level Il Surveys - Sampling

Level Il surveys? quantify physicochemical and biotic characteristics of springs and involve long-term
monitoring and statistically validated sampling programs. As such, the design of these surveys usually
involves extended interdisciplinary cooperation with ecologists and others. A typical spring visit could last
from one to several hours.

A detailed base-line is provided for future studies such as the impact of climate change, land uses changes,
new management strategies, and so forth. As noted by Sada and Pohlmann (2002), “Annual sampling
should continue until the bounds of temporal variation in physicochemical and biotic characteristics are
documented, which should be within three to five years.”

Guidelines for monitoring water chemistry of Level Il surveys are described below. Portions of the Level Il
surveys dealing with biota (aquatic and riparian vegetation), and aquatic habitat characteristics are
beyond the scope of this project and should be designed and conducted by qualified personnel in those
specialties according to discipline.

2.3.1 Flow Measurements

Flow should be measured according to the physical configuration of each site. Where the spring flow is
too awkward or large for a direct volumetric approach, it will have to be measured in situ by means of
stream gaging equipment, portable flume, weir, or the “floating stick” method. Rantz volume 1 (1982) is
a good reference for conducting direct flow measurements.

2.3.2 Water Chemistry

The chemistry of spring water is important in its bearing on human and environmental health. It can also
indicate the geologic materials the water has flowed through, the recharge environment, and residence
time. Common analytes collected for spring water characterization include cations, anions, trace metals,
stable isotopes, and tritium (Alexander and Alexander, 2008).

e Water should be collected in accordance with applicable DNR policies and procedures and analyzed
by properly accredited laboratories following standard chain of custody procedures.

e Samples must be collected as close to the spring head as possible and standard field parameters
must be recorded at the time of sampling.

e GPS coordinates of the sampling locations must be recorded at the time of collection.

2 Level Il and lll surveys are not currently funded for Minnesota. This and the following section are for context.
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2.4 Level lll Survey - Monitoring

Level lll surveys involve long-term monitoring of selected reference or sentinel springs,
specifically chosen for some important reason.

Sentinel springs are typically representative of a particular aquifer, ecosystem, or region, and
may have unusual characteristics such as its chemistry or biota.

The Level lll survey uses the protocols defined above, except that the sampling is repeated
annually or until a stable, baseline trend has been established, valid for future comparisons.
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Appendix A: Alternative Spring Definitions

Minnesota

“Springs are present where the water table intersects the land surface.” (Alley and others, 2007, U.S.
Geological Survey)

“A spring occurs when groundwater appears at the land surface.” (Minnesota Department of Health,
2015)

“Any natural discharge of water from rock or overlying soil onto the surface of the land or into a body of
surface water.” (Minnesota Pollution Control Agency, 2015)

Other Historical Definitions

Included below are additional historical definitions of springs for comparison, arranged chronologically.

The definition by Tolman (1937) is conceptually closest to that suggested in this Guidance Document.
“A spring is a place where water issues from the ground and flows or where it lies in pools that are
continually replenished from below, except that wholly artificial openings, such as artesian wells, are not
regarded as springs.... A seep is a variety of spring in which the water comes, not from any definite
opening, but through the pores of the ground over a considerable area. The amount of water yielded by
most seeps is small. Many marshes and swamps are actually seeps on a large scale.” (Bryan, 1919)

“A spring is place where, without the agency of man, water flows from a rock or soil upon the land or into
a body of surface water.... The term seepage spring is often limited to springs with small discharge... Any
considerable area in which water is seeping to the surface is called a seepage area.” (Meinzer, 1923)

“A spring is a concentrated ground-water flow issuing at the surface as a current of flowing water....
Diffuse effluent seepage may occur without giving rise to springs, although slow seepage may be
accompanied by outflow sufficiently concentrated and localized to form springs.... Water collected in
depressions or stream courses by drainage from a swamp probably should not be classified as spring
water, as it is supplied by drainage of surface water and not wholly by ground water.” (Tolman, 1937: 435)

“An issue of water from the earth.” (Webster’s Second International Dictionary, 1949)

“Springs are places on the surface of the earth where underground water issues and flows away in a
distinctive current. Where the water issues at the surface but does not flow away it is called a seep.”
(Schoewe, 1953)

“A spring is defined as a phenomenon in which a discernible flow of water is issuing through a natural
opening in rock or soil.... Seepage is the phenomenon of diffuse discharge of groundwater in the liquid
state to the land surface at an average rate equal to, or exceeding that of the local evapotranspiration....it
is often difficult to justify the use of one or the other term for a given feature. Yet, a separation of the two
phenomena is warranted if only to emphasize that various discharge-associated features may exist
without a concentrated emergence of water being present.” (Toth, 1971)

“A flow of water rising or issuing naturally out of the earth; a similar flow obtained by boring or other
artificial means.” (Oxford English Dictionary, 2™ Ed., 1971)

“A spring is a natural discharge with a perceptible current at the land surface or in the bed of a stream,
lake, or sea; water that emerges at the surface without a perceptible current is called a seep.”
(Encyclopaedia Britannica, 15" Ed., 1976)
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“Springs, or points of natural, concentrated groundwater discharge,...” (Van Everdingen, 1991)

“Springs are a natural source of groundwater discharge at a rate high enough to form a channel on the
earth’s surface.” (Webb and others, 1998)

“spring—A point where underground water emerges onto the Earth’s surface (including the bottom of
the ocean).” (Florida Geological Survey, 2003)

“Springs are currently afforded protection under [Wisconsin] Act 310 if they meet the definition of ‘an
area of concentrated groundwater discharge occurring at the surface of the land that results in a flow of
at least one cubic foot per second at least 80 percent of the time.’.... There was no established definition
as to what was being called a spring during the [1956-1962] survey.... This [2007] study found the average
flow rate of springs to be 0.2 CFS [cubic feet per second] and a median flow rate of 0.03 CFS.” (Macholl,
2007)

“Since 2003, Wisconsin has statutorily defined springs as having a discharge of greater than 1 CFS for >80%
of the time. However, owing to a recent Wisconsin Supreme Court case, which more broadly interpreted
the Wisconsin DNR’s powers to protect the “Waters of the State,” this discharge value for practical
purposes is more nearly 0.25 CFS. As a general guideline, the water should be coming from a discrete
point, rather than diffuse.” (Susan Swanson, personal communication, January 14, 2015)

“Springs are places where groundwater is exposed at the earth’s surface, often flowing naturally from
bedrock or soil onto the surface of the land or into a body of surface water (Wilson and Moore, 1998).”
(Springer and others, 2008)

“Springs are places where underground water emerges onto the Earth’s surface, often forming a stream,
pond, or marsh.” (Glazier, 2009)

“There isn't one official definition of springs agreed on and used by NPS [National Park Service] in this
[western U.S.] region, however, many in this region have been working on developing monitoring
protocols in addition to the spring inventories that have been going on. Here is a brief definition of springs
from one of our protocols: "For the purposes of this protocol, springs are defined as groundwater
dependent ecosystems with measurable flow or stage and seeps are groundwater dependent ecosystems
without measurable flow or stage. Springs and seeps vary tremendously in their surface expression. The
essential driver of springs ecosystems is the source of the water and the geologic structure that brings it
to the surface (Bryan, 1919). The topographic setting of the spring emergence further diversifies available
habitat and environmental conditions, resulting in a rich array of possible spring types." (Stephen Monroe,
Southern Colorado Plateau I&M Network, National Park Service, personal communication, January 6,
2015)

“We do have [in northern Minnesota] a fair number of what I'd call springs as opposed to what | often call
seeps, which are basically focused groundwater discharge that | don't think is sufficient to constitute a
spring.... But in my book, if there's visible flow for discharge on land next to a lake or wetland or stream,
or if submerged discharge is strong enough to suspend (‘boil’) particles then that's what | call a spring. If
an area has spring characteristics (very soft sediment, iron staining, wet surface, vegetation that grows in
persistently wet areas) but there's no visible flow then I'd call that a seep.” (Donald Rosenberry, USGS,
personal communication, January 14, 2015)

22



Appendix B: Other Spring Inventories

During the years 1956-1962, Wisconsin Conservation Department (WCD) officers were instructed to map
the springs in their own areas of Wisconsin, and this information was compiled. However, according to
Sue Swanson (pers. comm., 2015), who leads the Level Il activities of the latest spring survey for the
WGNHS, only about two-thirds of the state was surveyed; with much of the central to northeast being
omitted. Moreover, many of the “springs” actually mark the locations of reputed spring-fed lakes.
Swanson reported that many of the locations have not been confirmed or visited since then. Her present
program involves monitoring selected springs intensively (Swanson, 2013).

The Wisconsin springs inventory is maintained in an ACCESS database with the following 9 tables: WCD
Survey; GPS & Geology; Site Description; Spring Type; Water Quantity and Quality; Image Log; Aquatic
Habitat; Vegetation Species; Vegetation and Geomorphic Type.

The historical WCD data forms a single large table with 43 fields encompassing the historical data from
the 1956-62 survey, described by Macholl (2007), who digitized the data. As such, it contains data in flat
file format for all of the springs that were mapped in that survey. Examples of the important fields include
location, access, discharge, temperature, presence of fishes, land use, and remarks.

The remaining 8 tables were created by more recent workers as part of the Level Il surveys. As such, only
a subset (the larger springs) of the original number of springs is included in these additional tables.

The lowa Geological Survey has focused its attention on Big Spring and the Upper lowa River basin. Libra
(2011) mapped 838 springs in this watershed. Big Spring, located on the Turkey River, in Clayton County,
has an average flow rate of 15,000 gallons per minute, and based on underground dye-traces, is known
to drain an area of 100 square miles.

The lllinois Natural History Survey was active in mapping and studying the biodiversity of lllinois springs
in the 1990s. Of the 300 springs mapped, most of them occur in the Shawnee Hills of southern lllinois and
along the western border of the state (Wetzel and others, 2007). According to their website, the
information will be made available as a survey bulletin.

The Desert Research Institute has developed a protocol that is used by the U.S. National Park Service and
others. This protocol and its background are described by Sada and Pohlmann (2002).

The Springs Stewardship Institute, associated with the Museum of Northern Arizona, maintains an online
database of springs at www.springsdata.org. Stevens and others (2011) have published a narrative

concerning their inventory and monitoring protocols.

The U.S. Forest Service has inventory protocols (U.S. Forest Service, 2012) based on that of the Desert
Research Institute (Sada and Pohlmann, 2002).
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Appendix C: Spring Inventory Field Sheet

Spring Name:

Location

Field Check Date

Feature Code: Feature Type: Feature Arrangement
Q Spring Q Spring Q Single
Q Spring - not field checked Q Seep Q Cluster
Spring Type
Q Contact Bedding Plane — visible Q Littoral
Q Contact Bedding Plane - inferred O Depression water table
Q Joint Fracture Fault Q Pipe
Q Cave Q Historical
O Fen Q Other
O Fluvial QO Unknown
Comment or Other
Lithology Mineral Precipitation Photo
O Limestone / Dolomite O None O Yes
Q Sandstone Q Calcareous O No
Q Basaltic Q Iron
Q Granitic O Manganese
Q Unconsolidated Q Other
Q Other QO Unknown
QO Unknown Comment or Other
Comment or Other
Flow Measure Flow Units Flow Method
Q Yes O GPM O Estimated
O No Q CFS O Bucket
Q Liters/Minute O Flume
Flowing? Q Unknown Q Weir
Q Yes Q Area-Velocity
Q No Q Tracer Dilution
Flow Rate O Unknown
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Field Measure
Q Yes
O No

Odor

Q None

QO Metallic

Q Sulfur

QO Metallic / Sulfur
Q Other

Q Unknown
Comment or Other

Fish Seen?
Q Yes
QO No

Amphipods Seen?
Q Yes
O No

Temperature Celsius Method
Conductivity Value Method
pH Value Method
ORP Value Method
Turbidity Method
Dissolved Oxygen Value Method

Chemistry Measure
Q Yes
O No

General Comments

Plants

O Marsh Marigolds
QO Watercress

Q Other

Q Unknown
Comment or Other

Cryptogams
QO None

Q Bacteria
Q Algae

O Fungi

Q Mosses
Q Uknown

Surveyor

Organization

Remarks
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Appendix D: Flow Estimation and Conversions

Estimation of discharge is both a science and an art. Using a reference value to estimate spring flow rate
will assist in normalizing values.

Using a fully open % inch garden hose as the standard reference value is preferable, as most people can
relate to a fully flowing garden hose. An average fully open % inch garden hose flows at approximately 10
gallons per minute (GPM). Some spring geometries allow for simple and quick measurements using a
container of known volume and a stop watch. In instances like these, an average of several measured
values is preferable to an estimate.

CFS GPM* GPS LPM LPS
Feet3/Second Gallon/Minute Gallon/Second Liter/Minute Liter/Second
1.00 449.0 7.48 1699.01 28.32
0.90 404.1 6.74 1529.11 25.49
0.80 359.2 5.99 1223.29 20.39
0.70 314.3 5.24 856.30 14.27
0.60 269.4 4.49 513.78 8.56
0.50 224.5 3.74 256.89 4.28
0.40 179.6 2.99 102.76 1.71
0.30 134.7 2.25 30.83 0.51
0.20 89.8 1.50 6.17 0.10
0.10 449 0.75 0.62 0.01
0.05 22.5 0.37 0.03 0.0005
0.03 11.2 0.19 0.0008 0.00001
0.01 4.5 0.07 0.00001 -
0.005 2.2 0.04 - -
0.0025 1.1 0.02 - -
0.001 0.4 0.01 - -

* Garden hose flow

~ 10 GPM

1 cup™ 250 mL

250mL/sec ~ 3.75

GPM
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Appendix E: Biota Identification

Amphipod, scud, or freshwater shrimp. They are
usually gray in color and the size of a seed, darting
about when stones or vegetation is stirred up in the
spring. Photo courtesy of Wikipedia.

Marsh Marigold (Caltha palustris). The large yellow
flowers are most conspicuous in May. Photo courtesy
of John Almendinger.

Watercress (Nasturtium officinale) frequently retains
its green color even in winter, making it conspicuous at
springs. Photo courtesy of planetearthdiversified.com.
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Orange bacterial flocs with black
mats of cyanobacteria in Norrie’s
Spring, Lake Shingobee. Photo
courtesy of Greg Brick.

Toxic algae in spring pool,
courtesy of petaluma360.com.
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Appendix F: Creating Tile Packages for Survey 123

The tablet can be useful for guiding prospecting for springs only if there is some kind of geographic map
coverage, especially LiDAR. Large data layers, requiring a large amount of memory, are difficult to transfer
to a portable tablet. Instead, selected areas of coverage can be uploaded to the tablet before conducting
fieldwork. The packages are tiled at different scales so the user can zoom in on them as necessary.

Create the Tile Package

Open ArcMap.

e Use I'\EWR\Spring inventory\gis\mn_hillshade_tile_packages.mxd as a starting point.
e Add additional data as needed, such as MBS fens.

Center on your work area and zoom to 1:24,000
Select: File/Share As/Tile Package
Tile Package window

e Tile Package tab:
Save package to file (browse)- :\EWR\Spring inventory\gis\tile_packages\[new_name)].tpk
e Tile Format tab
0 Tiling Scheme: ArcGIS Online / Bing Maps / Google Maps
O Tile Format: JPEG
O Levels of Detail:
— Highest Level of Detail: 16 of 20

— Level: 15
- —
Tile Package ‘ - ‘ @
o Aralyze B Share (A)

Tie Package Tile Format

Tile Format
Tiling Scheme: [ArcGIS Online / Bing Maps / Google Maps V]

Item Description
Tile Format: JPEG w7
Approximate Cache Size: < 5Mb

Levels of Detail

Choose the number of levels to create for this tile package. Al levels up to and induding the
selected level will be generated.

Highest Level of Detail: 16 of 20

Level: 15

Scale: 1:18,055.95

Neighborhood
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e |tem Description tab
Fill out the Summary and Tags and provide other information

Click on the Analyze button
Attend to Errors. You should be able to ignore the Warnings and Messages

Click on the Share button (upper right)

[ Succeeded Iﬁ

Successfully created tile package.

I:\EWR\Spring inventorylgis\tle_padkages\test. tpk

If the process fails, it probably ran out of room where the file is being saved. Pick a new location with
plenty of space and try it again. Saving it your computer is usually the best bet. It should be around 5 MB
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Transfer the tile package to the iPad

Open iFunbox on your computer (http://www.i-funbox.com/). This is free file management software for
moving files from Windows to an iPad.

e C(Click the Managing App Data > Click the Survey123 > icon, choose Open Sandbox
If the subfolders don’t open, choose Open Sandbox for the Collector app first, and then do it for
Surveyl123

e Browse to the Maps folder in Survey123: [Survey123]/ArcGIS/My Surveys/Maps
e Select Copy from PC and browse to the location of the tile packages
o Select the tile package files and Open. The files will copy onto the iPad

iFunbasx - All My

L @ File Browser %E Managing App Data L % Quick Toolbox A iFunbox ...
@ @ ¥ | B, install App (ipa) 8, Restore App (*.ipa) @, Install Enterprise Signed IPAs (OTA L

My Favorites

e

iFileExpress

iTunes File Sharing

m

B O =

Collector GarageBand iMovie Keynote Numbers Pages Survey123

Open Sandbox
== All My AFJFJS Extract IPA
Uninstall

Show All
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http://www.i-funbox.com/

o= Mew Folder ) Refresh 4 Go Up Level | [ Thumbnail View | |8 Copy From PC| § Copy To PC

iTunes File Sharing File View | Thumbnails

Marme Type

B8 parking_lot.tpk ArcGIS Map Ti...
88 test_oct_24-2.tpk ArcGIS Map Ti...
Surveyl23 88 test_oct_24.tpk ArcGIS Map Ti...
= [ Surveyl23 ]
B3 ArcGIS
{17 AppStudio
EJ My Survey Attachments
£+ My Surveys
[#-7) 2ceb536e8d794b60a3
-{07) Taddb07e51 ced21 b6l
-7 Databases
{1 Maps

-7) d48defdIT3574fT el

'y i

Device State View

2% 1dle. { 1 device connected )

4| m
Copy From PC 0 tem(s) Media

Select the Tile Package in Survey123

Open on the iPad:
e Surveyl23 > the form you want to use > the map in the form > Map Types options menu (upper

right) > your tile package

Helpful Hint - If your tile package doesn’t show up on the list, quit and restart Survey123
Note — the same Tile Package can also be used in Collector.

Open on your computer:

e iTunes > Applications > Collector > Add File > browse to the tile package
e After the file has been uploaded, drag it to the Basemap folder
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Appendix G: Potential Technologies

Thermal imaging is a remote sensing technology that can be used to locate springs. The technique involves
sensing the difference between the spring water temperature and the land surface and stream or lake it
is discharging too. The technique has been applied in Minnesota by using airborne thermal scanners. The
results have been varied (Ostazeski and Schreiner, 2004; Leaf, 2005). Covering large areas of the state
would be prohibitively expensive and would generate large amounts of data that would need to be field-
verified.

The advent of unmanned aerial vehicles (drones) may make thermal imagery data acquisition more
affordable and more easily applied to specific areas. While using drones would be more cost-effective
than using airplane-mounted scanners, there are many logistical and legal issues that would need to be
addresses prior to using one for spring data acquisition (Deitchman, 2009).

A third option are handheld thermal scanners. A demonstration of a FLIR model E40bx, with a
discrimination of 0.045 °C, was given for us by Deserae Hendrickson (DNR-Fisheries) at a Duluth trout
stream. The screen provided a vivid color contrast based on differences in stream temperature. These
scanners still require site access either by canoe/boat or by walking along stream or lake banks.
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