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Mercury: A legacy pollutant AN -
. Sources include natural (volcanoes) and anthropogenic Sl 4 fg
i »..._iss

« Toxic on its own, anaerobic bacteria can methylate

Component of periphyton and sediments

o Strong biomagnification (100 million x)
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« Why mercury in Oak Ridge?

Mercury level
(EPA advice for
consumption)

) Eat only a few Eat a few Unlimited
Fo s times per month times per week
EPA, 2017
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History of Mercury Pollution

e 11 million kilograms used in production at Y-12
e ~350,000 kg lost, 128,000 discharged, 85% incorporated

e East Fork Poplar Creek
e Regulatory parameters (TDEC:51 ng/L, 200 ng/L Hg in water)

o 9 field sites designated by km from confluence of creek (EFK)
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Brooks, S. C. and G. R. Southworth. History of mercury use and environmental contamination at the Oak Ridge Y-12 Plant.
Environmental Pollution. 159 (2011)
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Soil and sediment contamination and project terminology

« EFPC bank soil analysis taken

« Average of 126.39 mg/kg Hg and 5.38 ug/kg MeHg in soils
— Historical Release Deposit (HRD), EFK17.5-19.3
- 4590 mg/kg Hg and 60.48 ug /kg MeHg in the HRD layer
« Total Hg in sediment down 67% since 1984, tfrend is slowing

 But mercury still being added to creek from erosion
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https://doi.org/10.1007/s11368-018-2183-0

Goals and Objectives
Goals
« |dentify erosion and mercury flux trends in EFPC

» Understand erosion dynamics to assess remediation allocation

Objectives

e High-resolution point clouds of creek banks over time using Terrestrial Laser Scanning (TLS)
« Establish a consistent workflow for processing of Light Detection and Ranging (LIDAR) scans
« Quantify erosion and deposition rates, can be used to quantify flux

» |dentify major factors driving erosion in EFPC
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Y-12 discharge baseflow and flash-flooding, impact determined by streambank factors

Processes Contributing to Erosion

Study in South River, Virginia found four primary modes of channel change

- 26% from bends, 15% from straight reaches

Determining the dominant longitudinal erosional process is important

- Processes can be split info domains: subaerial activity, fluvial entfrainment, mass failure

(Upstream to downstream)

Time lag of mass failure leads to longer downstream erosion season

Desiccation (drying of soil moisture) can be a significant driver of mass-wasting

A. Simon et. al, 2000

Efficacy of process -—>

Subaerial
activity

Fluvial entrainment

Mass failure

Distance downstream --->

T. Wynn et. al, 2014




Hg mobilization in soil & groundwater

TSS Total suspended solid
HgT Total mercury
MeHg Methylmercury

Freezing/thawing in winter Storm flow coltions HRD Historical release d Cpos I

Fi
oo

4 d

Seq; RN ="
T men 3 _— ~
S5, Mgy M:HT' Mre(e)'gg ction
1 p

Watson, et al. 2016. Evaluation of Lower East Fork Poplar

Creek Mercury Sources. ORNL/TM-2016/134, prepared for poW 5 inP“‘MeHQ
the US Department of Energy by Oak Ridge National Upstea S Hgfv
Laboratory, Oak Ridge, Tenn. T

FlO"" Openslide master to edit



EFK 20.27

C
9
pr—

O

)
O

O
=
=

O
=
(9]

EFK 19.07

OAK RIDGE
National Laboratory

2




11

Infroduction 1o TLS

o TLS is preferred for this research over
Airborne Laser Scanning (ALS)

e The LIDAR system is mounted on a
leveled tripod

* Product of scanis a point cloud

* Point clouds from different sampling
times are superimposed and
compared using registration
software, resulting in volume
calculations

« Georeferencing being added to
improve overlap

» Site-specific variables will be utilized
to assess dominant erosional
Processes
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TLS Mcf[,efials
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LIDAR Scanning and Procedure

Scanner isleveled and set up on tripod in creek

Scanner is moved o 3 locations to collect scans of a creek bank section

Registration of 1 merged point cloud and georeferencing

The merged point cloud is reduced to just the bank and exported for volume calculations

Moving cloud is compared to reference cloud to calculate volume

9 sites, 3-6 months between

Khomsin, et al, 2019
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Point Cloud: Close Look

Moving=Red
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Data Legend

—— Topsoil

Topsoil removed
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Net Erosion (m3)

Net Erosion (m?3)

Net Erosion (m?3)
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Diagram of data comparison for 2020-2024

Single Point Erosion

August 2020 g March 2024

Sum Erosion

08/2020- 10/2020- + 01/2027- + 07/2021- + 4/2022- 01/2023- 10/2023-
10/2020 01/2021

07/2021 04/2022 01/2023 10/2023 03/2024
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20 Net Erosion Volumes 2020-2024
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Discussion of Trends

 Smallest differences between methods found at 16.41 and 20.27
» The biggest differences between methods found at 19.02, and 19.32

e |Issues caused by mixture of heavy vegetation, overhanging banks and unremarkable
features (bare banks)

EFK 20.27




Moving Forward

e Creating error estimates for data points
e Analysis of data to add sample sites

e Ensure same area is used for calculation
o Cpumg ‘Io o’re’rqll available sites

%OAK RIDGE

National Laboratory
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solls In EFPC
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EFPC

David F. Polster, 2002

Qutcomes
Establish workflow for erosion detection

Find the site-specific drivers of erosion
Will lead to useful information for remediation of the creekbank

R.RRadspinner et al, 2010

Will identify erosion rates and Hg and MeHg flux rates along

Typical Single-Arm Deflector (Rock Vane)

Typical Sill (Cross Vane)

‘ Plan View

Plan View

Flow

Profile View
Bankfull stage

Profile View

Invert

Bankfull
| ¢ width 'l
' £ :'.
\ e




Lessons Learned

« How to develop a process for ideal data collection

e How to work with consultants and task members

» How to be a graduate academic

o e
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Sum data compilation

Volume Differences Over Time (m3)

202008- 202010- 202101- 202107- 202204- 202301- 202310-

202010 202101 202107 202204 202301 202310 202402
5.4 -0.33 0.98 -0.47 -0.47 -0.2 -0.21 0.92
14.56“ -0.52 0.84 -0.08 -0.03 0.08 -0.11
16.41 -0.11 0.13 -0.31 -0.12 0.12 0.08 -0.03
19.02 0.12 0.49 -1.4 -0.62 -0.01 -0.05 0.16
19.07 0.2 1.04 -0.19 -0.14 0.5 -0.22 0.04
19.32 -1.87 -0.17 0.13 -0.08 0.27 -0.04 -0.3
19.34 -0.08 -0.22 -0.14 -0.16 -0.14 0.09 -0.1
20.27 -0.37 0.2 0.04 -0.39 0.15 0.07 0.23
22 0.37 0.44 -0.22 -1.08 0.21 -0.94 0.2
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Georeferencing results (in progress)

Volume Differences Over Time (m3)

202008-202010 202010-202101 202101-202107 202107-202204 202204-202301 202301-202310 202310-202402
54 0.04 0.8 -0.6 -0.57 -0.1 0.2 047
14.5 0.85 -0.19 -0.32 -0.04 0.17 -0.08
16.41 0.07 0.06 0.21 -0.32 -0.01 0.02 -0.01
19.02 0.3 -0.56 -0.1 041 -0.19 -0.16 -0.19
19.07 047 047 -0.36 -0.21 0.37 041 0.92
19.32 0.14 0.16 -0.01 -0.05 0.15 -0.09 0.45
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Procedure

Leica Work
« Trimble work

Erosion Pin measurement
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EFK 14.56 Change in Cumulative Net Erosion Over Time
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All Sites Change in Cumulative Net Erosion Over Time
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Remediation Goals

TDEC water quality target: 51 ng/L (TDEC 2008)

Interim cleanup goal for Hg in EFPC headwaters: 200 ng/L

National (EPA) Recommended Aquatic Life Criteria:
e Mercury acute: 1.4 ug/L
« Mercury chronic: 0.77 ug/L
« Marked as a priority pollutant (EPA 2015)

 EPA methylmercury criterion for human health: 0.3 mg/kg in fish fissue (EPA 2001)

TENNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION
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Procedure

Leica Work
« Trimble work

Erosion Pin measurement
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Scanning

%OAK RIDGE

National Laboratory




Leica Cyclone 360 Plus (BLK
Edition)

Import and Scan Registration
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Importing into Cyclone

E

Assistant  Properties
SiteMap 1 Register Using

BLK360 G1 Auto B&W Target

@ [0 Auto Sphere Target

Auto Cloud
Drag files here. [0 smart Align
[ pre-Registered

Import Options

Import Images

[ Fitter points by Distance

Serial 3502448 Fimware 2.1.0 Min Distance  0.328 ft

Status:
CONNECTED (e Max Distance 30.460 ft

BLK360 G1 devices: BLK350-3502448 v q
Discover
s Paint Cloud Classffication
R O

» BLK360 G1 Capture Settngs

Battery Level

Name Date
Setup1 2024-03-12-09i58:59 -780x12000 -LDR
Setup2 2024-03-12-10:01:42 -0x12000 -LDR
Setup3 2024-03-12-10:09:38 -6148x12000 -LDR
Setupd 2024-03-12-10:15:40 -6137x12000 -LDR
Setups 2024-03-12-10:21:40 -6156x12000 -LDR
Setup6 2024-03-12-11:00:59 -6137x12000 -LDR
Setup? 2024-03-12-11:07:09 -6146x12000 -LDR
Setups 2024-03-12-11:13:23 -6148x12000 -LDR
Setupg 2024-03-12-11:39:28 -6146x12000 LDR

Setup10 2024-03-12-11:45:43 -6145x12000 -LDR

Select All| | Delete Add to Project

#,.OAK RIDGE
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Establishing links

@ & s @ 0 2/22/24 Scans : Rest of the Scans

B

Assistant Properties

& PORT @REVI[WANDOPTIMIZE
L P RN Y

& Link7

A (RO
~ & Bundie 4 3) Setupl:
Setup2:

~ @ setupso (1) ]
. Contained in:

& Link7
> @ Setups? (1) ]
» 1 1907 (1)
» 1932 (1)
» W 1934 (bad) (1)

» W 2027 (1)
Target Error

9 70p View ) Side View & Joinand Lock  ¢% Join and Optimize X Cancel &Opﬁmize Bundle




Establishing links cont.

w3 s 00 2/22/24 Scans : Rest of the Scans

I—i—l MPORT @ REVIEW AND OPTIMIZE

Select at least 3 points in each view. X Cancel & Optimize Bundle



INg the bank

2/22/24 Scans : Rest of the Scans

P aE@ & s @0
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Trimming the bank cont.
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Import and Conversion
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Create Scan-Based Sampling Layer
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