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Relative Risk Model (RRM) Background

- Whatis 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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Objectives

- BN-RRM Case Study

- Share Experiences:
« Public/Regulatory Acceptance
 Transparency/Communication
 QOverall Utility

RRM 20.9
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Health & Ecological Risk Assessment

The Multiple Stressor Ecological Risk Assessment for the
Mercury-Contaminated South River and Upper Shenandoah
River Using the Bayesian Network-Relative Risk Model

Wayne G Landis, *{ Kimberley K Ayre, | Annie F Johns, { Heather M Summers,  Jonah Stinson, {
Meagan J Harris, | Carlie E Herring, { and April J Markiewicz

gﬁ. rrrrrrrri ‘

{Institute of Environmental Toxicology, Huxley College of the Environment, Western Washington University, Bellingham, o1 2 4 Kilometers
Washington, USA —_——
0 075 15 3 Miles
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Considerations for Public / Regulatory Acceptance

Program objectives:

: d T
« Non-RCRA WaY"eSbom NGCS s UPON ’
° EAM FEDERAL CITY ENVIRONMENTAL ACADEMIA EXPERT DUPONT
GROUPS PANELISTS
Slte_speCIfICIty . VDEQ EPA (Region Ill) Waynesboro  Friends of Shenandoah ~ William & Mary ~ William Clements Engineers
VDGIF USFWS Virginia Conservation James Madison David Hirschman Geologists
¢ RGCG ptO I'S VDH Council Virginia Tech  Ralph Turner Risk Assessors
Virginia Save Our Streams Delaware
« System uses Trout Unlimited Waterloo
. . Shenandoah River Keeper Colorado State
¢ R|Sk reg|0ns Chesapeake Bay Western Washington
Foundation Texas Tech
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Communication & Transparency

- Communication:
« Who: SRST, EPA/VDEQ)/City and, |

and public) S /T VEe,Sr
« When: Development to application SCIENCE TEAM

« What. Model, results, implications
« How: Presentations, publications,

demonstrations, discussions Background Bottom-Line
- Transparency: L
. Assumptions Results/Details Implications
. . Supportin
Inputs Conclusions Igeptails 9
* Limitations

o BN-RRM is simply a tool and

provides one line of evidence MODEL - REALITY

6 A=COM




Case Study — Site History

2006-2011
Ecological Study

1929-1950 1982 2001

. 2016-20
Mercuric sulfate Natural recovery / DuPont and i
use in acetate monitoring VDEQ launch 2005 §g;£ ermit 2015 ilrr:sgrnn;?:tsigr:es
rayon fiber recommended collaborative Consent modificztion RF1 Approval initiated

production

effort Decree

1929 1950 1976 1982 1984 1999 2001 2005 2012 2013 2014 2015 2016

2013 2015 .
1976 1984 1999 Ecological cemediaton  Initiated short Enhanced Adaptive Management
Mercury discovered DuPont funds a Fish tissue levels not Study Report  Proposal ?nnodn:;)orlﬁ;term (EAM)
on-site and in fish 100-year monitoring decreasing as 9
tissue; fish program predicted T
consumption ban - L CONSTRUCTION COMPLETE | management
placed on 130 river - define key desired
miles 1985-1998 2001-Present [ pr i
. . SRST Studies review overall 4 identify performance
Monitoring program e - indicators
collaboratively A ents gem, . develop
implemented T hant e L “2'&":”""‘“‘
report ﬁmﬂ:g | S i
e B
3 = ! : :emgls r
evaluate
management implement
effectiveness strategies and
actions to achieve

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

- 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




RRM Structure

BN-RRM for Smallmouth Bass (SMB)

Available
Habitat
. Total PAHs
- Non-mercury chemical Total OCPs
Mercury TOX|c|ty
Z 0.10| : :
exposure Low  45.8 e
MZ% g72'8 Chemical Toxicity
H : E Zero 519}
T PhYSICal StreSSOrS rSedlment PAHs TOXICIty—l Low 20.3 Overall Risk Score
Under LEL 11.1m | Organics Toxicity Med 355 - Zero 195
. | Over LEL  88.9 .| Zero 16.3m. High 39.0 Low 9.71
- EXpOSGd pOpU|at|0n | . k/loe"(‘; ;gg Overall Impacts '\H/!Zﬂ ;2‘51
Sediment OCP Toxicity I High 39.3 Eg\r: }gg 412+2.4
11 HH T Under CL  80.7 jmm i
o COndItIOna| prObabllltleS | OverCL 193 | River Temp Impacts MZ% 28(1)

Habitat Impacts
[ = Zero 48.3
Low 29.8
Med 10.4
High 11.4

TSS Impacts

Zero 91.0

April-August Ned 300

instead of High 1.50
Year-Round

Risk Drivers:
Population at Risk > Mercury Toxicity > River Temperature

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

Cumulative Loading
(Baseline)

o
-
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15

North Park

Simulation Key

— Baseline
— IRM-CP

10

Constitution Park
Rail Road Bridge

=== IRM (0-2 Miles)
=== Complete Removal
(0-2 Miles)

Left Bank THg Loading Rate (kafyear)

- Hypothetical “Ambient” conditions w o Suw e w0
. Estimated Bank Loading RRM
(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
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Concluding Remarks

- Overall reception of BN-RRM Enhanced Adaptive Management (EAM)

enhanced because of . PLANDO | EVALUATELEARN  ADJUST

Site-specificity

. . Plan / Do Evaluate/Report Discuss/Consult
 Alignment with program Develop RAOs with Stakeholders
. . and Long-term Statistical .
0 bJ ectives Goals Evaluation Effectiveness
Develop CSM ine or
i Transparency an: LcIJ:ad_ing Monitoring ' Statistical : ARdeerSr:of
. . . il ) Data Model ‘ > pproach for
* Interactive communication G, Sttt : ! - Mios 2.4
Models Dynamic EAM Model
- Models were useful in creating || EEEE el ‘4 Acust G o
oy, pproach for
aWareneSS On select r_emedlal Miles 0-2
options . E—
» Non-mercury factors F |, Community
« Need for and capability of Constructand [ | NSl ppgy Othermputs Implementabilty
Monitor Cost

integrated assessments
» Use as one of many tools
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