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Overview

« Reactive amendment capping

— Addition of materials (carbon) to aquatic sediment to sorb
bioaccumulative chemicals

— Not an isolation barrier
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Reactive Amendment Capping

e« Reactive amendment
added to surface of
sediment
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Reactive Amendment Capping

» Reactive amendment
mixes in to
biologically active
layers of sediment
and sorbs freely-
dissolved chemicals,
reducing availability
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Example Effectiveness

 Bench-scale
tests indicate
a ~50-90%

Tissue Total PCB Concentration

i e e g carbon-amended*
PCB 2 ———
availability to 5
sediment =
invertebrates g

Unamended No Mix 24 h Mix 1 Mo Mix
Treatment

*Amendment added at rate to increase sediment carbon
content by 3.5%
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Pros and Cons

 Pros
— Costs: ~$10-15/ft?

* Much less expensive than dredging (3-10X); Comparable
to capping

— Application under/near infrastructure (piers,
bulkheads)

— Unfamiliar/unproven (academic projects)
— Engineering (delivery) challenges
e Carbon floats

 Accuracy in placing amendment under/near
infrastructure

— Long-term efficacy in question
— Possible adverse effects on invertebrates
— Focus on organics

e [ OESTCP BRIV
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Pros and Cons

 Pros
— Costs: ~$10-15/ft?

* Much less expensive than dredging (3-10X); Comparable
to capping

— Application under/near infrastructure (piers,
bulkheads)

— Unfamiliar/unproven (academic projects)

— Engineering (delivery) challenges Objectives of
» Carbon floats

e Accuracy in placing amendment under/near = S Bremert_on
infrastructure Demonstration
— Long-term efficacy in question
— Possible adverse effects on invertebrates
— Focus on organics
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Demonstration Approach
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Demonstration Approach

« Demonstration and validation of reactive amendment
capping to reduce PCBs, Pier 7, Puget Sound Naval Shipyard
& Intermediate Maintenance Facility, Bremerton, WA
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Demonstration Approach

« Targeted 0.4-acre area
with PCBs in sediment
(~100-6,000 pg/kg)

e 40-50 feet deep
* Active pier

Portion of footprint
under-pier
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Demonstration Approach

» Activated carbon (AquaGate + PAC™)
delivered via barge-mounted conveyor

Product staged in
“Super Sacks"

Loader and hopper mixer

e - 'lll

Truck muuntlgda- m :

Conveyor system
extending under pier

* 5 Distributing .
under pier

-y
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Demonstration Approach

Productreleased from 3 min cycle
“Super Sack” time per sack
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Demonstration Approach
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Demonstration Approach
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Demonstration Approach

e Targeted 5-cm (2-inch)
amendment layer

« AquaGate + PAC™
settles primarily on
sediment surface
(minor penetration for
soft sediment)

— After Placement — Powder Activated
Carbon Falls off Core and Mixes
Naturally with Sediment

e LEma <7 ENVIRON
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Demonstration Approach

e Within 1-2 hours,
activated carbon
sloughs off from
aggregate core

— After Placement — Powder Activated
Carbon Falls off Core and Mixes
Naturally with Sediment

e LZma <7 ENVIRON
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Demonstration Approach

 Over time, activated
carbon further
penetrates surface
sediment via settling,
bioturbation, and
deposition

Sra=3iva] 2 ENVIRON
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Evaluation of Amendment
Application
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IR
Measurements :
o
e Initial spatial coverage | .
e Initial amount (vertical) i i
 Stability/mixing over time g h
Line of Time (Months) {
Evidence n| 0053 ]10]|22]|34
Visual 10| o e | oo TN
Observation, e 3

Diver Cores
Total 10 @ | @ o| o¢| 0| o
Organic
Carbon &
Black
Carbon,
Diver Cores
Sediment 42| o | @ e | 0| O
Profile
Imagery (SPI)
e: collected; o: planned AR EEarEa <7 ENVIRON
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Measurements

* |nitial spatial coverage
e Initial amount (vertical)
 Stability/mixing over time

Line of Time (Months)
Evidence n| 0 |05/ 3 10|22
Visual 10| o o | O
Observation,
Diver Cores LS
Total 10| ¢ | @ | @o| @ 0 | © rﬂ'l”H
Organic o 1R
Carbon & |
Black
Carbon, s
Diver Cores 00% .
Sediment 42| o | o e | o | o O
Profile 2 KR 1
Imagery (SPI) :
e: collected; o: planned _ IRON
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Measurements

* |nitial spatial coverage
e Initial amount (vertical)
 Stability/mixing over time

Line of Time (Months)

Evidence n| 0 |05/ 3 (10|22

-I O "Down" position
L L O --ansecting the sediment-
water interface

Visual
Observation,
Diver Cores
Total 10| o | @ o | o | O
Organic
Carbon &
Black
Carbon,
Diver Cores
Sediment 42| o | o o | ©
Profile
Imagery (SPI)
e: collected; o: planned
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Sediment Profile Imagery

Aqua-gate PAC
aggregate core

Carbon
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2 Weeks Post
Amendment
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Initial (0.5-month) Coverage

« ~75% of target area
received at least a

trace of amendment
— ~70% of the target
area received target

thickness (5 cm) or
more

 Green area averaged
13 cm (SD 2.9)

Average Activated Amendment
Cap Layer Thickness (cm)

area with detectable thickness

== area with a trace
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1 0-month Diver Cores

° A?gregate still in place
after 10 months
— Core data indicate similar
coverage and

amendment thickness 10
months post-application

* Percentage of stations
with aggregate, by
depth

— Top 5 cm: 90% of
stations

— 5-10 cm: 60% of stations

— 10-15 cm: 40% of
stations

e 10-month SPI results not
yet available

Ferasaama] <2 ENVIRON
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Was Carbon Content Increased?
0.5- and 3-Month TOC/BC Data

« TOC/BC data highly
variable

e TOC in top 5Ccm DBaseline

— Significant increase of
~4% 0.5 months after
amendment addition

— 3-month data
inconclusive
« Slight (1-2%)
differences between
Mmonitoring events
when measurements

vary widely from
location to location)

— Carbon mixed in or
eroded?

e 10-month TOC/BC
results not yet
available

00.5 month

@3 month
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Video Survey (Divers)

* Video survey by divers (10-
month monitoring)
confirmed aggregate
coverage even on steep
slopes (~45°) adjacent to
Pier 7
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Evaluation of PCB
Availability

e [ OESTCP EREENVLON
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Measurements

« PCB availability before and

after
Line of Time (Months)
Evidence n| 0 |05 3 [10|22]|34 o
14-d in situ (10| e e | o | o
Bio-
accumulation
Tests
Sediment 10| o e | o | o
Porewater

e: collected; o: planned

10-month porewater results
not yet available
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Measurements -
« PCB availability before and SeaRlng

after -
Line of Time (Months)
Evidence n{ 0|05 3 |10|22|34
14-d in situ |10| e e| o | o
Bio-
accumulation
Tests
Sediment 10| o
Porewater

e: collected; o: planned

10-month porewater results
not yet available
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Measurements

« PCB availability before and in situ

after SPME
Line of Time (Months)
Evidence n| 0 |05 3 [10|22]|34
14-d in situ |10| e e | O
Bio-
accumulation
Tests
Sediment 10| o °
Porewater

e: collected; o: planned

10-month porewater results
not yet available
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In situ PCB Bioaccumulation

 Significant reduction (~90%) in PCB bioavailability to sediment
invertebrates (draft data)

— Concurrence with 90% reduction in concentrations in tissues as observed
in the initial lab study

— Reduction not due effect of dilution due to aggregate addition (no
significant difference in [PCB sediment])
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Evaluation of Effects of the
Amendment on the Native
Benthic Community
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Measurements Grabs

» Benthic community before
and after

Line of Time (Months)
Evidence n| 0 |05/ 3 102234
Benthic 14| o e | o | o

Census SPI ol
Grabs
Sediment 42| o | e | 0| O 6 6
Profile
Imagery (SPI)

e: collected; o: planned

(@]
O

10-month SPI and grab results not yet available

000 O
000 O
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Sediment Profile Imagery
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Sediment Profile Imagery

Baseline vs. 0.5 Month

 Partial minor disruption of the sabellid polychaete
community in the amendment area due to burial

— Before amendment, 6 of the 24 stations with sabellid
polychaetes; After amendment: 3 of the 24 stations

polychaetes

aggregate

0.5 Months After
~ Amendment

trace

Fesa=agwal <7 ENVIRON
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Sediment Profile

Imagery
Benthic Successional Stage

-]
4

B
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Baseline

Physical Disturbance

Depth (cm)

Infaunal
Successional

o
54
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&5 X}

0.5 Menths After
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Sediment Profile Imagery
Change in Benthic Successional Stage 0.5-months After Amendment

Hace trace

0.00 1 X L 0,0 Q00
: o

55

(.00 ] 0.00 0.0 0.0 i 0.00
Q

Amendment No Amendment
3 of 7 ( ) Stations 3 of 16 (19%) Stations

Indicated Decrease () Indicated Decrease (')
(P =0.83) (P=0.17)
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Conclusions

« Activated carbon amendment successful and
promising effective remedial alternative
— PCB availability reduced by 90%
— Engineering
« Successful under-pier/on slope
« Accuracy: ~75% of total footprint covered
* Increase in organic carbon in surface sediment
« Amendment present 10-months
— Side-effects

* Inconclusive/very minor native benthic community effects 0.5
months after amendment (sabellid polychaetes)

« Additional 10-month data coming; 22- and 34-
month monitoring in 2014 and 2015

e [ OESTCP BRIV
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