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Outline 



– What is it? 

• Scoring / ranking process based on traditional 
ecological risk assessment 

• Based on probabilistic approach (Bayesian Networks) 
with more quantitative (robust) estimates of “risk” 

– Capabilities 

• Combine literature data, field data, and expert 
judgment 

• Assessment of multiple stressors and endpoints 

• Model habitats and/or receptors in a specific location; 
or more holistically across a watershed 

• Accommodate stakeholder values 

• Ecosystem services framework 
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Relative Risk Model (RRM) Background 



– BN-RRM Case Study 

– Share Experiences: 

• Public/Regulatory Acceptance 

• Transparency/Communication 

• Overall Utility 
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Objectives 

South River, Waynesboro, VA 
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Considerations for Public / Regulatory Acceptance 

– Program objectives: 

• RCRA  

• Non-RCRA 

• EAM 

– Site-specificity: 

• Receptors 

• System uses 

• Risk regions 
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– Communication: 
• Who: SRST, EPA/VDEQ/City and, 

and public) 

• When: Development to application 

• What: Model, results, implications 

• How: Presentations, publications, 
demonstrations, discussions  

– Transparency: 
• Assumptions 

• Inputs 

• Limitations 

o BN-RRM is simply a tool and 
provides one line of evidence 
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Communication & Transparency 
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Case Study – Site History  

2001 1976 1982 1999 2012 2013 2014 2005 2016 2015 2017 

1929-1950 
Mercuric sulfate 

use in acetate 

rayon fiber 

production 

 

1982 
Natural recovery / 

monitoring 

recommended 

1976 
Mercury discovered 

on-site and in fish 

tissue; fish 

consumption ban 

placed on 130 river 

miles 

 

1929 1950 

1984 
DuPont funds a  

100-year monitoring 

program 

 

1999 
Fish tissue levels not 

decreasing as 

predicted  

 

1984 

2001 
DuPont and 

VDEQ launch 

collaborative 

effort  

 

2005 
Consent 

Decree 

 

2012 
Ecological 

Study Report 

2014 
RCRA permit 

modification 

2016-20 
Interim measures 

implementation 

initiated 

 

2013 
Remediation 

Proposal 

2015 
Initiated short  

and long-term 

monitoring 

 

1985-1998 
Monitoring program 
collaboratively 

implemented 

 

2001-Present 
SRST Studies 

2006-2011 
Ecological Study 

2015 
RFI Approval 

Adapted from Jones (2005), Tasmanian Parks & Wildlife Service 

CONSTRUCTION COMPLETE

Enhanced Adaptive Management 
(EAM) 



– 5 Risk Regions: 
• One upstream reference and four 

downstream study regions (2-5)  
• Consistent with: 
o Natural breaks in land use and 

hydrogeology 
o Upstream-to-downstream remedial 

approach and  
o Existing short- and long-term monitoring 

stations 

– Ecological Receptors:  
• Smallmouth Bass 
• Carolina Wren 

– System Uses: 
• Fishing 
• Swimming & Boating 
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Model Framework 
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RRM Structure 

Modified from Landis et al. (2017). Integr. Environ. Assess. Manag. 13:85–99 

Organics Toxicity

Zero
Low
Med
High

16.3
14.8
29.6
39.3

Mercury Toxicity 

Zero
Low
Med
High

0.10
45.8
47.9
6.20

River Temp Impacts

Zero
Low
Med
High

25.0
50.0
12.5
12.5

TSS Impacts

Zero
Low
Med
High

91.0
4.50
3.00
1.50

Sediment PAHs Toxicity

Under LEL
Over LEL

11.1
88.9

Sediment OCP Toxicity

Under CL
Over CL

80.7
19.3

Overall Impacts

Zero
Low
Med
High

16.3
13.6
20.0
50.1

Chemical Toxicity

Zero
Low
Med
High

5.19
20.3
35.5
39.0

Habitat Impacts

Zero
Low
Med
High

48.3
29.8
10.4
11.4

Population at Risk

Zero
Low
Med
High

0.10
28.6
21.3
50.0

Overall Risk Score

Zero
Low
Med
High

19.5
9.71
16.4
54.5

4.12 ± 2.4

April-August 

instead of  

Year-Round 

Available 

Habitat 

Total PAHs 

Total OCPs 

Risk Drivers:  

Population at Risk > Mercury Toxicity > River Temperature 

BN-RRM for Smallmouth Bass (SMB) 

– Non-mercury chemical 

exposure 

– Physical stressors 

– Exposed population 

– Conditional probabilities 
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Evaluation 

• Existing conditions (Baseline) 

• Simulations for two mercury load 

reduction (LR) scenarios: 

• Load Reduction (LR), representing a 

focus on load reduction only 

• Interim Remedial Measure (IRM), 

representing the selected approach 

to balance load reduction and 

preservation of riparian habitat. 

• Hypothetical “Ambient” conditions 

(as applicable) 
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Results and Findings 

• Mercury is the primary chemical 

stressor, but other environmental 

factors (e.g., water quality and 

habitat suitability) contribute to 

system risks 

• Relative risks vary by risk regions 

owing to their spatial differences; 

and 

• Remedial measures to mitigate 

potential risk from mercury may 

also achieve varying degrees of 

overall risk mitigation due to 

multiple stressors and factors  

FISHING  

SMB 

WREN 

B & S 

Baseline

Ambient

LR

IRM

Relative Risk Score Legend



– Overall reception of BN-RRM 
enhanced because of: 
• Site-specificity 

• Alignment with program 
objectives 

• Transparency 

• Interactive communication 

– Models were useful in creating 
awareness on 
• Non-mercury factors 

• Need for and capability of 
integrated assessments 

• Use as one of many tools 
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Concluding Remarks 
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