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Agenda

— Objectives

—Models

« Background
 Simulations
 Results

— Overall Summary

— Path Forward
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General Objectives

—ldentify critical variables for a system

—Understand the system response to
perturbation(s)

—Keep in mind that a model is
* A reasonable representation of ... the reality
 Not the same as ... the reality

A=COM
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SCIENCE TEAM

Specific Objective

Discuss/Consult
with Stakeholders

Plan / Do
Develop RAOs

Evaluate/Report

and Long-term
Goals

Develop CSM
and Loading
Analysis
dMCM, Statistical

Model, Analytical
Models

Identify,
evaluate, and
select remedial
options
Controls

EAM Model

Monitoring I ’
‘4

Statistical
Evaluation

Statlstlcal
Model
—— ™

Dynamic
Mercury Cycling
Model

Relatlve Risk
Model

Other Inputs*

Effectiveness

S

N

Habitat
Community
Implementability
Cost

Refine or
Adjust
Approach for

A

EAM Model

Adjust CSM or
Approach for
Miles 0-2

Construct and
Monitor

*QOther Inputs include: Habitat condition improvements, permitting and implementation issues encountered and actual costs

A=COM
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Statistical Models
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Background

Variables/Datasets

Porewater Variables

THg and MeHg

cd

Cr

Cu

Mn

Total organic Carbon

Percent clay, sand, silt, gravel

Environmental Variables
Erosion

Deposition

Area of submerged vegetation
Average shoreline erosion
Historic erosion — deposition
Average mud per mile
Average river gradient

'

Season

THg and MeHg

THg loading in forests

THg loading in developed areas
THg loading in open areas

THg loading in pastures

THg loading in wetlands

Dependent Variables

Surface water THg and MeHg

(filtered and unfiltered)
Sediment THg and MeHg

|

Biota THg
Biota MeHg

Jmé[r'er

SCIENCE TEAM

Process

Sediment Variables
Acid volatile sulfide
cd
Cr

N

Cu

Mn

Total organic carbon

Percent clay, sand, silt, gravel

Set up initial model

and interaction
terms J

t

Tributary Variables
THg and MeHg

Total organic carbon
Cadmium

Chromium

Copper

Manganese

Percent clay, sand, silt

Land Use Adjacent to Bank

Notes

« Interaction terms were used

« Data from up to 3 upstream RRMs also
used as covariates

« Rainfall from up to 7 days prior used as
a covariate

l

Standardize
variables

l

Run stepwise
regression

]

Remove coefficients with high
Variance Inflation Factors

No

Model Performance

1} Compare coefficients to
Principal Components
Variance inflation
factors

3) Residual analysis

2

Do significant coefficients
{p < 0.05) correlate highly with
major Principal Components?

Are Variance Inflation Facters
< 10 for model coefficients?

Fall 2017 Models Update
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Principal
Component Analysis

Updated
Model
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Model Performance - Bass THg ”“‘f”“ﬁ’

—R%2=0.56 (n =903) o
— Predictions within . ,
+ 4.5 times of the =5 7 RRRET e e
observations - 4
Riverbank TH R P Y a3 R
— Riverbank THg . T LKL L
loading important "M oo s e
. . T ufjfe ** ,#, = -
predictor in the P —e
model ! ! ; ! .
Observed In-Fish THg
(LN; mg/kg)

Areasonable representation of the South River System
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SImUIatlons SCIENCE TEAM
Scenario Simulations

Baseline Pre-remediation conditions

IRM CP Completed IRM at Constitution Park
(CP)
IRM in Progress at Rail Road Bridge

IRM - In Progress (RR), WWTP, North Park (NP), Allied
Concrete (AC)

IRM (0-2 Miles) IRM at all BMAs identified within 0-2
miles

Complete Bank Control 100% load reduction at BMAs

(0-2 Miles) identified within 0-2 miles

IRM (Interim Remedial Measure):

« Preservation, restoration, and habitat enhancement
 Assumed 75% THg load reduction for the BMA(S)

Complete Bank Control:

o Similar to the Pilot Bank Study

 Assumed 100% THg load reduction for the BMAs in 0-2 miles

-_—
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Perturbation - Load Reduction

Jé‘tcb{.:ﬁer

SCIENCE TEAM

= 3 - == E Cumulative Loading

o | s = s g = S (Baseline)
: S ER Bl 3
o 5 @ 2 S E = Simulation Key
< = e <
E I ad — Baseline
> < 7 c = —— IRM-CP
c O
3 O o
S -=== |IRM (0-2 Miles)
f -=-=-= Complete Bank Control
x5 (0-2 Miles)
o
m
=
Li}] —_— —_— -
- = B “F- h\

] = — L - P -
_=-— .
[ 'z _—_—____. I_-‘IL-_.-l_._._- ||.-.|L|.|_._._I.II.IIL.._ILI.-._-.__.._._. e e - B o e mm mm e e e e e _|_|
| T T T T | T T T T | T T T T I T T T T | T T T T | T T T T | T
0.0 /0.5 1.0 1.5 2.0 25 3.0
Estimated Bank Loading RRM
Fall 2017 Models Update Page 9 AECOM



Predicted Fish THg
{(Natural Log; mgfkg)

Jé‘tcb{rﬁe/’

SCIENCE TEAM

System Response - Bass THg

N u—
= Simulation Key
II" —— Baseline
[ = j NS - -
_ i \x =P Ly IRM-CP
] \h/ bj’
’ —— IRM (0-2 Miles)
==== Complete Bank Control
(0-2 Miles)
{'\I.I —
I ' I ' I ' I ' I ' I ' I
0 2 4 6 8 10 12

BMA Locations
for IRM in Progress

Barring the model uncertainties and limitations (e.g., the time), fish
tissue THg is predicted to decline in response to loading rate
reductions, with greater predicted declines in the BMA areas than

downstream
Page 10 AECOM
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System Response - Bass THg i

Scenarios : .RRM S — SRS
Prediction A A% Prediction A A%
Baseline 1.71 -- -- 3.32 -- --
IRM-CP BMA 1.48 0.23 13 3.17 0.15 5
IRM - In Progress 0.96 0.75 44 2.43 0.89 27
Overall IRM 0.92 0.79 46 2.34 0.98 30
IComplete Bank Control 0.80 0.91 | 53 2.08 1.24 | 37

A = Predicted Baseline — Predicted for a Scenario
A% = A as percentage of the Predicted Baseline

Greater predicted declines at RRM 2.5 (immediately
downstream of the BMA areas) than at RRM 11.8
(downstream areas)

-_—
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Statistical Models - Summary it

— Limitations (temporal) and
uncertainties remain on the modeled
system response—one of several
tools

— Inferences about the IRM based on
the preliminary Post-IM data are
premature

— Modeled predict declines in fish
tissue THg in response to the =
progressive completion of IRM within &
0-2 miles

— Greatest response in fish tissue THg
Is predicted within or immediately
downstream of 0-2 miles

-_—
Fall 2017 Models Update Page 12 A=COM



Relative Risk Models
(RRMs)
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Background g

- Watershed/ Regional Scale
— Relative Risk
- Multiple Stressors/Factors

— Endpoints
e Smallmouth Bass
e Carolina Wren
e River Use

-_—
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RRM for Smallmouth Bass (SMB)

Total PAHs
Total OCPs

Sediment PAHs TOXICIty—l

Under LEL 11.1
| Over LEL  88.9

Sediment OCP Toxmty

Under CL  80.7
|_Over CL 19.3

April-August
instead of
Year-Round

Fall 2017 Models Update

Mercury TOXICIty

Zero 0.10
Low 45.8
Med 47.9
High 6.20

Available
Habitat

Organics Toxmty

Zero 16.3
Low 14.8
Med 29.6
High 39.3

River Temp Impacts—|

Chemical Toxmty

Zero 5.19
Low 20.3
Med 35.5
High 39.0

&ﬁu%jgir

SCIENCE TEAM

Zero
Low
Med
High

Overall Impacts

16.3
13.6
20.0
50.1

Overall Risk Score

Zero 195
Low 9.71
Med 16.4
High 54.5

412+24

Habitat Impacts

I ™ Zero 48.3

Low 29.8

M_ed 10.4

TSS Impacts 7| High 114
Zero  91.0 mm
Low 4.50
Med 3.00
High 1.50

Risk Drivers:

Population at Risk > Mercury Toxicity > River Temperature

Page 15
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Simulations SCIENCE TEAM
Mode Scenario Description
Observed Baseline Pre-remediation (2015-2016 data)
Post-IRM CP Post-remediation (2017 data)
Predicted Baseline Predicted Baseline
IRM CP Completed IRM at Constitution Park
IRM in Progress Following IRM at Phase | BMAs
IRM (0-2 Miles) Following IRM within 0-2 Miles
CEMEIEE (B 100% Load reduction within 0-2 Miles
Control
Assumes tissue THg distributions
Hypothetical BKG THg similar to Risk Region 1 (Reference/
Background Area)

-_—
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“Observed” Relative Risks R o
g 4 Dataset
g Baseline
E 7 Post-IRM CP
& 2

Risk Regions
— Relative risk lower in Region 1 than in Regions 2-5

— Changes in Post-IM relative risk not likely related to the IRM at
CP -too early for inferences

Page 17 AECOM
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Simulated Relative Risks
6
o Simulations
§ Baseline
v 4
n
o ®mIRMin Progress
S Hypothetical
% Complete Bank
2 — I Control
o
®BKG THg
0

Risk Regions

— General declines predicted for simulations, but insufficient to reach
Region 1 levels

— Background (BKG) based relative risk scores similar among regions,
but vary to reflect non-mercury factors

-_—
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Summary ot pdy

SCIENCE TEAM

— Relative risk lower in Region 1 than in downstream
Regions 2-5

— Premature to evaluate preliminary Post-IM data

— Simulations predict insufficient decrease in RR scores
In downstream regions to reach Region 1 levels

— Relative risks based on background similar among
regions but vary, reflecting risk contributions from
non-mercury factors

-_—
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Enhanced Adaptive Managem
(EAM) Spreadsheet Model
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Background g

— User Manual

. . d .
- C rlte rl a S u rvey CONSTRUCTION COMPLETE nfatgggg;r?ent

objectives
define key desired
7 Stakeholder groups N outcores.
. . review overall identify performance
« 13 Criteria e program i
pdjust Mangae,
t m develo|
greangements to e'?b:,ff 9 management
. Ce @&;, strategies
—Demonstration ot
report findings of},;‘s'oo,
and A
recommendations ‘?{-p establish

of evaluation monitoring

— Simulations Syl

_pg_rfo:mance
indicators
 Natural Recovery
evaluate )
* IRM Approach T eHachveness stvtiogion and
actions to achieve

objectives

 Complete Bank
Control

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

-_—
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Criteria and Weights-Survey Results’ e

i

Survey Criteria

m Fish Tissue Hg

mInstream Habitat

o
o3

SW Hg
® THg loading

= Tree Preservation

= Water Quality

mAccess

i
iikiii/m il
Oz R

) N N

m Qutreach

Average Weight
o
)]

#= Costs

o
w

u Feasibility
m LT Maintenance

m Construction

GHG Emissions

0.0
% 0 0 F 5 o~ © O~
— o O Cﬁ. o [ (]
C ~ — e~ 1 Q-“ (@] o ~ +— CA P
4‘58 e uw (O] < o Il "(_B'l\ n =4 Q
= @ Il zE E S o =1 2 c =
= S Q- > - = O RS
0 T £ & = o c ~

[ ~ ~

c = o 9} c ~
cQ < @ ©
) -

Stakeholders
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Criteria - Overall Mﬁ”

1.0 - .
Criteria
" Protect HH & E
0.8 - = Media Cleanup Objectives
% = Source Remediation
'%_) 0.6 - m Tox, Mob & Vol Reduction
O ® Long-term Effectiveness
(@)
T 0.4 - m Short-term Effectiveness
()
> = Implementability
<
0.2 - m Cost
m Community Acceptance
n State Acceptance
OO T T
Survey Uniform
(Overall)

Weight Scheme

-_—
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Calculation Scenarios ”’“ﬁ”

Scenario Description

Pre-remediation (2015-2016 data);
Natural Recovery no disturbance to the banks and riparian areas;
includes monitoring

Current IRM approach for the BMAs within the 0-2
miles: balances THg load reduction, habitat
restoration/enhancement, and preservation of mature
trees; includes short- and long-term monitoring

IRM Approach

(Hypothetical)
Complete removal/stabilization of the BMAs in 0-2

Complete Bank miles; focus on THg load reduction; does not consider

Control preservation of mature trees; includes short- and long-
term monitoring
(For initial comparisons to the IRM Approach)

Post-IM CP Based on preliminary “post-remediation” data (2017)

following the completion of IRM at Constitution Park
(CP) BMA

-_—
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Results - Mean Scores W?éé"m

Uniform Weights Average Weights

0.75
N
)
m)
=)
n
z
" 0.50
o
o
O
[92)]
c
©
)
=

0.25

Natural Complete IRM Post-IM Natural Complete IRM Post-IM
Recovery Bank Control  Approach CP BMA Recovery Bank Control Approach CP BMA
Scenarios Scenarios

NR and IRM NOT different under Average Weight
Non-NR scenarios NOT different

-—
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Cumulative Median Scores

Results - Median Scores

Uniform Weights

Average Weights

Jﬂﬁé&:’?&"

0.75
0.25 —
W
B———
0.00 ' '
Natural Complete IRM Post-IM Natural Complete IRM Post-IM
Recovery Bank Control Approach CP BMA Recovery Bank Control Approach CP BMA
Scenarios

Which criteria are driving the scores?

Fall 2017 Models Update
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EHH&E

2 Media Obj

m Source Rem

®Tox Mob & Vol Red
LT Effectiveness

w ST Effectiveness

u Implementability

= Cost

mCom Accept

St Accept
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Results — Quartile Scores

Uniform Weights

Average Weights

J

1.0
0.8
0
o
3 0.6
(7))
.§ -
£
o 0.4 043
3
8; 02 |— I I 026 | I I |
0.0
Natural Complete IRM Post-IM Natural Complete IRM Post-IM
Recovery Bank Control Approach CP BMA Recovery Bank Control Approach CP BMA
Scenarios Scenarios
Weight Matters!

Fall 2017 Models Update
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Ranges

= Max Prob - Max
= Min Prob - Max Prob
= Min - Min Prob

Min

A=COM



Overall Summary &
Path Forward
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Overall Summary el

— Preliminary model
applications
complete

— EAM criteria and
weights critical

— Post-IM data
premature for
evaluation

—Model integrations in
progress

-_—
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Path Forward

— Update calculations
as more data

Jﬂﬁé{;?&'

SCIENCE TEAM

: ~ PLANDO  EVALUATELEARN
become available ADIUST |

Plan / Do

Develop RAOs
and Long-term

— Update/ refine o

and Loading

models as

Model, Analytical
Models

necessary

evaluate, and
select remedial

e Structure o

L
o Crlterla Construct and
Monitor

— Develop/enhance
predictive capability

Fall 2017 Models Update
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Statistical
Evaluation

Dynamic
lAercury Cycliny

Evaluate/Report
-,

Discuss/Consult
with Stakeholders

Effectiveness

Refine or
Adjust
Apnreach for
Miles 2-4

EAM Model

Adjust CSM or
Approach for
Miles 0-2

Habitat
Community
Implementability
Cost
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Predicted Fish THg
{Natural Log; mg/kg)
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SCIENCE TEAM

System Response - Bass THg

N —
»
s
#F
_ . . i
o Simulation Key i 7
! —— Baseline i
' ¥
| — IRM-CP
L
— .
' Y —— IRM (0-2 Miles)
==== Complete Bank
Control
Lo I
]
T T T | T T T T | T T T T | T T T T |

BMA Locations

for IRM in Progress RRM

Page 32 AECOM
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Results - Relative Risk Scores
. Risk Regions
Scenario 1 5 3 4 5

Based on Observations

Baseline 1.87 | 412 | 483 | 3.82 | 4.11

Post-IRM CP 230 | 431 | 4.64 | 428 | 4.01
Based on Simulations

Baseline 230 | 418 | 4.72 | 3.45 | 4.84

IRM CP 230 | 409 | 472 | 3.45 | 4.84

IRM in Progress 230 | 390 | 456 | 3.38 | 4.84

IRM (0-2 Miles) 2.30 | 3.82 | 451 | 3.38 | 4.59

Complete Bank Control| 2.30 | 3.54 | 455 | 3.49 | 3.65

BKG THg 230 | 2.46 | 220 | 1.24 | 2.06

— Relative risk scores higher in Regions 2-5 than in Region 1

— Changes in Post-IM relative risk scores not likely related to the IRM
at CP -too early for inferences

— General declines predicted for simulations, but insufficient to reach
Region 1 levels

— Background (BKG) based relative risk scores similar for regions, but

vary to reflect non-mercury factors
Fall 2017 Models Update Page 33 AECOM
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