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2026 Issues & Trends Schedule

Recorded sessions available at dnr.wi.gov, search “RR Training Library”

July 16, 2026

•Deep Dive into Vapor 
Intrusion: Application of 
RR-800

September 17, 2026

•Conduit Vapor Intrusion: 
Application of RR-649 and 
RR-800



Asking Questions – Use Q & A

3



Objectives

Know what monitored natural attenuation (MNA) is

Understand how MNA can be used as a remedial alternative

Know where to find information and guidance
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Agenda

Part 1: 
Monitored Natural 

Attenuation Processes and 
Data Collection

Part 2: 
Review of Guidance

Part 3: 
Application and 

Discussion



Part 1: Natural Attenuation Processes and Data Collection



Natural Attenuation and 
Monitored Natural Attenuation

Natural 
Attenuation

• Reduction in concentrations and mass of a 
substance and its breakdown products in 
groundwater

• Caused by naturally occurring physical, 
chemical, and biological processes

Monitored 
Natural 

Attenuation

• Requires collection and monitoring of data
• Data must show that concentrations are 

decreasing due to natural attenuation



Using MNA in Remedial Actions

• Most often used for petroleum and 
chlorinated volatile organic 
compounds

• May be used for some semi-volatile 
organic compounds and inorganics 
may be supported under certain 
circumstances and site-specific 
condition

Consider:
•Target compounds
•Identified process of natural 

attenuation
•Site conditions
•Potential receptors
•Restoration timeframe



When MNA is Not Appropriate

Contaminant mass or plume is expanding over time

No clear geochemical evidence that degradation is occurring

Unacceptable risk to receptors remains without active control

Time needed to reach groundwater standards cannot be estimated



Processes of 
Natural 
Attenuation

Processes 
of Natural 

Attenuation

Biodegradation

Sorption

Dilution and 
Dispersion

Chemical 
reactions

Evaporation 
(volatilization)



Biodegradation

Contaminants in soil and 
groundwater are 
transformed into harmless 
substances by living 
organisms called microbes.

Processes 
of Natural 

Attenuation

Biodegradation

Sorption

Dilution and 
Dispersion

Chemical 
reactions

Evaporation 
(volatilization)



Sorption

Reduces dissolved 
concentrations and can limit 
plume length by binding the 
petroleum and chlorinated 
hydrocarbons to soil 
particles, minerals or organic 
matter. The binding makes 
the sorbed fraction 
immobile.

Processes 
of Natural 

Attenuation

Biodegradation

Sorption

Dilution and 
Dispersion

Chemical 
reactions

Evaporation 
(volatilization)



Dispersion and Dilution

Dispersion: spreading and 
mixing of the contaminant 
plume as it moves through an 
aquifer due to variations in 
groundwater flow and velocity.

Dilution: decrease in 
contaminant concentrations 
resulting from mixing with 
uncontaminated water.

Processes 
of Natural 

Attenuation

Biodegradation

Sorption

Dilution and 
Dispersion

Chemical 
reactions

Evaporation 
(volatilization)



Chemical Reactions
Most common chemical 
reactions that degrade 
chlorinated compounds 
without microbial activity:
• Hydrolysis
• Dehydrohalogenation
• Reactions with reducing 

metals such as iron  

Processes 
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Volatilization

Reduces concentration of 
petroleum and chlorinated 
hydrocarbons through 
evaporation and dispersion 
in the atmosphere.

Processes 
of Natural 

Attenuation

Biodegradation

Sorption

Dilution and 
Dispersion

Chemical 
reactions

Evaporation 
(volatilization)



Collecting Data: Multiple Lines of Evidence

Third Line of Evidence: Lab or field studies

Second Line of Evidence: Geochemical

First Line of Evidence: Plume Stability



First Line of Evidence – Plume Stability

Determine the areal extent of plume to determine if MNA is 
appropriate (plume is stable or receding)

Use statically significant trends of decreasing or stable 
contaminant mass or concentration 
Use multiple monitoring events (minimum of four, sampled 
at least quarterly)



MNA Monitoring Well Network Design and Timeline
• Bracket the plume and 

include: 
• Background Wells
• Source Area Wells
• Centerline Wells
• Cross-Gradient Wells
• Downgradient Wells

• Reflects site hydrogeology 
and contaminant 
properties 

• Timeline shows MNA as 
effective remedy 



Evaluation of Contaminant Plume Characteristics
Groundwater, Volume: 53, Issue: 2, Pages: 195-206, First published: 12 July 2014, DOI: (10.1111/gwat.12233) 



Second Line of Evidence – Geochemical 

Determine relevant geochemical 
parameters
• Initial site characterization
• Investigation

Patterns in the collected data can:
• Delineate the plume boundaries
• Identify likely microbial processes occurring in 

the plume



Idealized Sequence of 
Terminal Electron 
Acceptors For 
Biodegradation



Reductive Dechlorination 
Pathway



Third Line of Evidence – 
Laboratory or Field Studies

Compound-Specific 
Isotope Analysis

Molecular Biological Tools 
(e.g., DNA, RNA, protein)

Microcosm Studies



Key Takeaways

MNA projects must:

Meet regulatory 
performance standards 
Be prepared for active 

intervention if conditions 
change

Successful use of MNA 
requires:

Rigorous site data
Detailed periodic 

monitoring
Robust reporting
Adaptive site management



Part 2: Review of Guidance



Guidance is Available

RR-0156

“Front door” 
to MNA 

decision-
making

December 
2025

RR-614

Petroleum 
specific 

information

January 2014

RR-671

Explain to 
property 
owners

May 2026

RR-699

Chlorinated 
specific 

information

October 2014



New! MNA Guidance (RR-0156)

Introduces detailed 
site characterization 

protocol to prove 
attenuation

Targets sites 
where active 

remediation may be 
impractical

Integrates with other 
guidance (RR-614 and 

RR-699)



Update in Process! Guidance on Monitored 
Natural Attenuation of Petroleum Hydrocarbons 
(RR-614)

Updates likely to reflect current natural 
attenuation practice and regulatory 
expectations, including stronger 
emphasis on site conceptual models, 
source control, plume trend analysis, and 
geochemical lines of evidence.

Public comment period anticipated soon 



Update! What Landowners Should Know About Using 
Natural attenuation to Clean Up Contaminated 
Groundwater (RR-671)

Helps property owners understand natural attenuation and how it can 
ensure long-term protectiveness needed to close a case

Informs landowners about the basics when contamination remains, 
including the need to manage for any restrictions or requirements on the 
property over time.



Update in Process! Guidance on Monitored 
Natural Attenuation of Chlorinated Hydrocarbons 
(RR-699)

The update will add modern science-
based tools for evaluating MNA, 
including mass flux, isotope analysis, 
and microbial indicators.

The update will require multiple lines 
of evidence, and it will require clear 
contingency actions if performance 
criteria are not met.



Optional Tool: MNA Checklist

Purpose:
•Help step through considerations
•Foster consistency in applying 

guidance

Requires:
•Knowledge of administrative code
•Professional judgement



Part 3: 

Application and 
Discussion



MNA Case Study

*  Figures and data tables from submitted reports and 
other information sources may have been marked up for 
presentation purposes.

TAXMAN INVESTMENTS  CO (FMR)
1214 WEST WELLS STREET, 
MILWAUKEE, WISCONSIN

BRRTS NO. 02-41-152248

Site status:
• Not ready for closure
• Still in the investigation stage



Former Site 
Layout



PCE Soil 
Isoconcentration 
Map 
Former PCE Storage Location
6,700,000 ug/kg at 10 – 12 feet



Total CVOC 
Groundwater 
Isoconcentration Map
(in ug/L)



Groundwater 
Flow Direction



Remedial actions

2018
•Demolition of buildings and paved areas, 

utilities disconnected
•Soil Blending and Treatment and Zero Valent 

Iron and ABC Carbon amendment ~2000CY 
are treated

Sept. 2020, April 2021 and Oct. 2022
•In-situ enhanced reductive dechlorinization 

(ERD) injections

After 2022 
•Post-remediation monitoring 
•Site redevelopment 
•Soil confirmation sampling
•Soil vapor sampling
•Groundwater monitoringSoil Blending Treatment Areas



Physical Site 
Parameters

Cross Section Transect Lines A

Cross Section A

Cross Section B

Cross Section Transect Lines B



Current Site Layout



Monitored 
Wells

3 Piezometers 

PZ-1 – Source Well

5 Monitoring Wells



Generating Atomic 
Hydrogen  

Requires anerobic conditions or 
the hydrogen will likely bond with 
oxygen (H2O) not chlorine.

Hydrogen is a bully and attacks the PCE molecule – 
breaking the carbon-chlorine bond, substituting a 
hydrogen atom for a chlorine atom bond - losing a 
chlorine atom as chlorine ion (CL-)

Vinyl Chloride, may degrade aerobically. Carbon 
Dioxide, Water and Clorine ion (CL-)



Source Area:  PZ-1R

Up gradient/Background:  MW-7

Down Gradient PZ-2R

MNA Monitoring 
Wells



Source Well

First Step
Data Trends - Source Well

1. PCE 2. TCE3. Cis -1, 2 4. VC



Impact of 
Soil 
Blending 
and in-situ 
Injections



Down Gradient
Well

Second Step
Data Trends - Down Gradient : Time & Distance

3. Cis -1, 2 1. PCE 2. TCE 4. VC



Third Step 
MNA Parameters

Field 
Parameters

Geochemical 
Parameters

Source Well

Down 
Gradient Well

Up-Gradient/ 
Background 
Well



Groundwater Field Parameters at PZ-1R (April 2025)

pH values
Favorable for anaerobic 
dechlorination

ORP measurements 
Negative ORP values indicate 
reducing conditions 

DO levels
Indicate anaerobic conditions

Table - DRAFT 2023.10.09 Job Aid for Monitored Natural Attenuation (MNA) of Groundwater

Bare minimum data required to begin MNA evaluation 



Groundwater Geochemical Parameters at PZ-1R Ethene (C2H4) and ethane (C2H6)
Indicates complete reductive dechlorination of 
PCE

Methane
Indicates favorable reducing conditions for 
continued anaerobic dechlorination of CVOCs

Ferrous iron
Indicates continued iron-reducing conditions 
necessary for anaerobic dechlorination

Detectable sulfate
Indicates sulfate-reducing conditions favorable for 
continued reductive dechlorination of CVOCs.

TOC
Desirable within an anaerobic treatment zone

Table - DRAFT 2023.10.09 Job Aid for Monitored Natural Attenuation (MNA) of Groundwater



Key Criteria: Determining MNA suitability

Site Characterization
•Favorable hydrogeologic and geochemical conditions including plume 

delineation
•Groundwater flow direction
•Sufficient monitoring points and data to track trends.

Contaminant Behavior •No current receptors or expanding plumes

Protective Conditions 
•Source control to the maximum extent practicable is essential
•Attenuation rates must outpace plume migration to meet cleanup goals 

in reasonable timeframe

Monitoring Feasibility  
•Multiple lines of evidence are needed
•Specific processes like reductive dechlorination or aerobic 

biodegradation must be demonstrated.



MNA Checklist

Consultants

Walks you through 
considerations
• Prior to implementing 

MNA 
• During the MNA 

process
• Evaluating 

effectiveness of MNA
Supports consistent
evaluations
Helps with 
documentation

DNR

Follows administrative 
code/guidance
Supports a consistent 
review
Helps with 
documentation



In Summary…

• You learned what MNA is and how it can be used as a remedial 
alternative.

• You understand that RR-0156 establishes a foundation for MNA, 
and RR-614 and RR-699 help fill in the technical details.

• You heard how Linda applied RR-0156 and the MNA checklist to 
the Taxman Site. 



Brian Waite
Brian.waite@wisconsin.gov

(920) 716-0986

mailto:Brian.waite@wisconsin.gov
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