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Agenda
– Background

• Adaptive Management
• Project

– Stakeholder Involvement

– EAM Framework

– Monitoring 
• Objectives
• Elements

– Benefits
• Present
• Future
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Adaptive Management Process



5

REMEDY 
COMPLETE

Construction 
complete
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Enhanced Adaptive Management Components
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Applications
– Adaptive Management

• Promotes flexible decision-making
• Allows for iterative learning through monitoring of the effects of 

management options 
• Advances understanding of chemical, biological, and social 

processes in light of specific actions

– Enhanced Adaptive Management (EAM)
• Provides framework for the reduction of uncertainty through iterative 

actions
• Allows prediction of range of outcomes from remedial actions
• Documents (and archives) assumptions
• Ensures that adaptive management is not “trial and error”
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Project Background

1929

2001

1929:
Mercuric sulfate 
use in acetate 

rayon fiber 
production begins

1950:
Mercuric sulfate 

use stops

1950

1976-1984

1999

1976-1984:
Discovery and 
investigation 

culminating in 100-year 
monitoring program

1999:
Fish tissue levels 
not decreasing as 

predicted 

2001:
DuPont and VDEQ 

launch collaborative 
effort 

2014

2014:
RCRA Permit 
Modification

2005-2013

2005:
Consent Decree

1985-1998: 
Stage agencies 
collaborate to 
implement the 100-
year monitoring 

2005-2013:
Investigations (2005-2008)
Ecological  Study Report (2012)
Remediation Proposal (2013)

2001-Present: 
SRST Studies

2015

2015-16:
Design/Permit

2015
-16
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Planned Interim RCRA Corrective Actions

In-channel Sediments Consumers

Corrective 
Actions to 

Address Site 
Outfalls

Risk Assessments and 
Relative Risk Modeling 

Incorporated into Adaptive 
Management

IHg

IHg MeHg

MeHgMeHg

Bank 
Management 
Areas (BMAs)

Food Web
Recent Legacy

IHg
Site Outfalls

Near-bank Sediments

Bank Soils

Notes:
IHg – inorganic mercury
MeHg – methylmercury
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Remedy Based on Mercury Loading

• Phased approach in 
an adaptive 
management 
framework

• Approximately 23% 
of banks contribute 
90% of mercury

• Removal and 
stabilization

• Public Participation
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Goals and Objectives of Monitoring

– Goal:
• Assess efficacy of remedy to 

reduce transport and exposure 
pathways

• Secondarily to improve WQ 
and bank habitat

– Objectives are to monitor:
• Human and ecological 

exposure to mercury
• System responses to 

remediation
• Integrity of corrective action; 

and
• Provide input to adaptive 

management framework and 
relative risk models



12

South River Science Team: Stakeholder Input

AECOM
Anchor QEA
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Phase 1 Enhanced Adaptive Management

Monitor Discuss/Consult

Adjust 
Approach for 

Miles 2-4

Evaluate/Report

Effectivenes
s

Monitoring 
Data

Statistical 
Evaluation

Statistical (SAS) 
Model

Dynamic 
Mercury Cycling 

Model

Other Inputs*

Remedial Options 

Enhanced 
Vegetative 

Stabilization

Structural 
Stabilization

Institutional 
Controls

Removal

Other

Relative Risk 
Model

Other 
Inputs*

PLAN/DO EVALUATE/LEARN ADJUST

Adjust CSM or 
Approach for 

Miles 0-2

Cost and 
Other 

Factors

*Other Inputs include: Habitat condition improvements, permitting and implementation issues encountered and actual costs, etc.



1414

Monitoring Features
– Monitoring is: 

• Front end loaded
• Iterative, and may be 

modified pending results, 

– Contains short-term and 
long-term elements
• Differ in terms of spatial 

and temporal scope
• Similar overall goals
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Endpoints

Aquatic :
• Benthic macroinvertebrates
• Larval and emergent aquatic 

invertebrates
• Fish species [largemouth bass 

(Micropterus salmoides) and 
smallmouth bass (Micropterus 
dolomieu)] 

• Aquatic plants
Semi-Aquatic:

• Amphibians
• Piscivorous birds [belted kingfisher 

(Megaceryle alcyon)]
• Omnivorous birds [mallard duck 

(Anas platyrhynchos)]
• Piscivorous mammals [river otter 

(Lontra canadensis)]

Terrestrial:
• Plants
• Invertebrates (earthworms)
• Invertivorous birds [Tree 

swallow (Tachycineta bicolor) 
and American robin (Turdus 
migratorius)]

• Carnivorous birds [Eastern 
screech owl 

• (Megascops asio)]
• Invertivorous mammals [Big 

brown bat (Eptesicus fuscus), 
short-tailed shrew (Blarina 
brevicauda)]

• Herbivorous mammal [white-
tailed deer (Odocoileus 
virginianus)]
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Short-term Monitoring Objectives
– Objective: test effectiveness of 

Phase I Interim Measure
• Bank stabilization between RRM 

0 to 2 to reduce:
o Bank erosion
o Mercury  loading
o In-channel mercury exposure

– Short time frame (2-10 years)

– Small spatial scale 

– Remediation of downstream 
reaches informed by remedy 
success on RRM 0-2
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Short-Term Monitoring Elements 

• 11 locations within RRM 0-2

• Exposure media:

-Near-bank Sediment

-Periphyton

-Transplanted Asiatic Clams

-Pore Water

• Vegetation/Habitat Monitoring

• Baseline data collection initiated in 
2015
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Long-term Monitoring

– Timeframe is >10 years
– Focus is South River and SFS River
– Objectives to monitor:

• Human exposure to MeHg in food
• Ecological exposure to MeHg in 

aquatic and terrestrial food web
• Potential improvements to water 

quality and benthic habitat
– Three main components

• Human exposure
• Ecological exposure
oAquatic and terrestrial

• Habitat quality
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Enhanced Adaptive Management Cycle-Benefits/Lessons Learned

• Early/on-going planning

• Document relative importance of 
project objectives and 
components

• Project framework
• Owner
• Stakeholders
• Regulators

• Consensus-based decision 
making

• Monitoring Plan
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• Remedy effectiveness

• Innovative remedial 
approaches

• Monitoring strategy

• Stakeholder 
considerations

Future Questions



Questions?
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