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Topics Covered

« Background on the issue of Underwater
Sound (UWS) as related to dredging

« UWS case study — Passaic River Phase |
Removal Action

e Lessons learned: applicability of UWS
monitoring to environmental dredging
programs
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State of Affairs

 The complexity of in-water environmental remediation
programs has increased

e These programs now require extensive monitoring and
BMPs

* One such requirement may be underwater sound
monitoring
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Background

e Various organisms use sound for
navigation, feeding, and
communication

e Anthropogenic underwater sound can
Interfere with these behaviors

e Very intense sound can cause
mortality and/or permanent damage
to exposed organisms

e This intensity of sound is not
associated with dredging operations
but may be associated with pile
driving

e Various studies conducted and
published on the underwater sounds
produced by dredges
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© Seiche Ltd, 2006

Sound Is Everywhere In the

Underwater Environment
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Figure 4. Noise levels and frequencies of anthropogenic and naturally occcurring sound sources in the marine environment




Dredging Sound

e Medium intensity
 Mainly below 1 kHz

1/3 octave band receive level [dB re 1 ;LF’-EE]
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Sound Sources
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Phase | Removal Action Project

R UPSTREAM BOUNDARY * In 2009, Tierra
Mieach  DIAMOND ALKALI . OF LPRSA Solutions, Inc.
: SUPERFUND SITE ' . .
—_— 80-120 LISTER AVENUE DUNDEE DAM (T|erra) Initiated a
PHASE | WORK AREA . \ou-1) _ ) .
e | ammson Ny / < SADDLE sediment dredging
l RIVER program located
Al oLl THIRD RIVER | within the Passaic
UPLAND PROCESSING t .
FACILITY T— ' River

* Program directed by
the United States
Environmental
Protection Agency

- [New JERsEY; (USEPA) and

NEW YORK involved removing
STATE LINE

/

SECOND RIVER

}]wa CREEK

I

HUDSO

PASSAIC RIWVER— |

" \\_HACKENSASH approximately 40,000
LAWYERS CREEK , RIVER cubic yards of
DOWNSTREAM BDUNDAR‘I’_;##// ]~ con_tamlnated
OF LPRSA NEWARK __—NEWARK BAY sediments to a depth
of 12 feet
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Project Overview

NEW JERSEY
TURNPIKE BRIDGE

Overall goal to reduce inventory and
source of dioxins in the Passaic
River by removing highest
concentrations of 2,3,7,8-TCDD

40,000 cy sent for treatment/disposal &

¥

Removal conducted via clamshell '
dredge within sheet pile enclosure '

Area backfilled and restored

If'-'"
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Phase | UWS Monitoring Program

» As part of sheeting installation and

dredging, NMFS requested underwater
sound data

e To be used for information purposes only -
no association with compliance

 Interested in understanding effects on
local native fish species (however no
specific target species were identified)
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Phase | UWS Monitoring

e Focus was to
collect underwater
sound data:

— During enclosure
Installation

— During sediment
removal operations

— Ambient conditions
measured before
start of
construction
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Phase | UWS Monitoring

e Sound Monitoring Methodology

— Hydrophone system measured frequencies
petween 20 Hz and 20,000 Hz

— Data were obtained from 26 stations spaced
at 200 ft intervals

— Hydrophone placed in middle of water column

— Each station was monitored six times at
various phases of the tide over the 2-day
survey window
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Phase | UWS Monitoring

e Data were acquired at 13 locations along two
transects for a total of 26 monitoring locations
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Figure 2. Acoustic monitoring sampling stations.
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Phase | UWS Monitoring

 The monitoring campaign consisted of
three phases:

e August 2011 — Pre-construction background
monitoring

 November/December 2011 — Sheetpile
Installation

e April/May 2012 — Dredging
468 individual sound data files
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Background Peak SPL
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Figure 2. Peak SPL (RMS) Spectrum Data from Mappings 1-6 combined.
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Sheetpile Peak SPL
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Figure 5. Peak SPL (RMS) Spectrum Data from Bulkhead Installation.
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Dredging Peak SPL
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Figure 5. Peak SPL (RMS) spectrum data during dredging operations.
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Comparison of Results with Other Studies

* Results generally consistent with those of Reine, Clarke, and Dickerson
(Characterization of Underwater Sounds Produced by a Backhoe Dredge
Excavating Rock and Gravel, December 2012)
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ERDC TN-DOER-E25
December 2012
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- ' Characterization of Underwater Sounds Produced by a
| Backhoe Dredge Excavating Rock and Gravel

by Kevin Reine, Douglas Clarke, and Charles Dickerson
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PURPOSE: This technscal mote characterizes underwater sound produced by a backhoe dredge
durmg rock vemoval as past of the widenng aud despenung of New YorkNew Jemsey Harben,

Both continnous sounds (¢.g. enginé and generator sounds transmitted through the bull) and
repetitive, paneneted sounds (e.g., associated with bocker bortom coataet and the repositioning
o spds) comprise a brosd specteum of dredgmg enmtted imderwater sound somees The vanaus
sound sources can be characterized in terms of isensity, periodicity, and amenuation with
distance from the sonrce Likewise, the sounds must be placed into context with ambient levels
of sound in the surrounding body of water. Such i age requined

environmental assessments that address newly emerging concerns for detrimental impacts of
underwater potse on many aquatic organisms. In order to adequately assess the risks associaned
with backhoe dredgmg operabions, snnds were characlenzed with respect o sound pressare
bevels (SPLs) penerated by this dredge type across the bread 20-Hz o 20-kHz spectrum In
addstiom, SPLs were measured m the 50- to 1,000-Hz ramge generally defectable by fishes and
the 100- 1o 400-Hr range in which cermin fish species show 3 greaser sensitiviry. Given the
ety of exetng acomate mlformation quamtfymg mdewater somds penenaled by dafferent
dredge types and sizes, differences in geotechnical properries of material hcm; excavated, and
site spealicty of workang e

of non-dredging ambient sounds), this shady fills mmomnt Jmm‘kdgt gaps Ihm mlnlmc o
better mfonmed dredgmg project management practice:
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BACKGROUND/INTRODUCTION: In recenr vears, concerms have been mised regasding
underwater noise of anfhropogenic arigin and its potential impact on aquatic organisms. Oniginally
foonsed on sounds associmed with seismic exploration, nulitary exercises, and pile-driving and
similar constriction achivities, concems have expanded to mchide dredging and dredped matenal
disposal processes (Richardson et al 1995). For example. it has been hypothesized that dredging-
mduced soumeds could block or delay the mugrahon of fishes fuough moagible waterways,
imrermaps or impair comnnmication. of disnept foraging bebavior. Persistent concems have dealt
with dishalanee of commmencation among wane wamaals Concenss are offen heyghienad where
5 ooour in L] Hsted a5 either threatened or d at edther the Federal

e e A g e e AR 1 10 100 1000 10000 100000
SOUTCES, }‘o( ﬂe:mpl.e. the Maticnal Marine Fisheries Service (NMFS) requires an Incidental
Hamssment Authonzaon ([HA) for pie-griving actvities where manne mammals are Likely

ocowr. The suthorization requires that a 500-m safety zope must be established in all areas where FrEqUEHEF :HI:
mderwater SPLs were abcpated to exceed 190 dB ge 1pPA Califoeria Depentment of
Transportation (Caltrans) (2001) exanined fish that died as a result of exposure to underwater
s o pUriving operations. Mortliics Were obgerved i SEve] specics, stibvied —hAyerage —Peak =-—1/3rd Octave
primarily mmmmlhcsmwbhddmofﬁs&smmsﬁmofmtmk—m ving operation. 5PLs

bt ot i Figure 7. Sound pressure level produced from bottom grab noise at 60 m from the source
(Hydrophone depth = 9.1 m).
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Phase | Findings / Conclusions

o Sheetpile installation and dredging were associated
with increased Peak Sound Pressure Level (SPL)
spectrum relative to the ambient levels

o Levels observed were not in the range expected to
cause injury or mortality

 Significant acoustic sources observed during all
three testing stages were not related to underwater
activity
— Overhead aircraft

— Passing trains
— Other nearby construction
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Overall Conclusions and

Recommendations

 Environmental dredging is of generally medium intensity but yet
does constitute an elevation above ambient levels

» As expected, sheetpile installation is of higher intensity than
dredging

» Target species must be identified to appropriately gauge anticipated
effect

« Environmental dredging is not likely to produce SPLs within the
range that might lead to serious effects such as injury or mortality

* Pile driving must be evaluated separately as the SPLs in the near
field could cause harm

* However, potential harm to individual organisms should not be
overlooked in future programs

* Long duration environmental dredging programs, such as those
currently envisioned in the Passaic River or other locations should
be scrutinized for potential adverse effects on fish behavior
(existing environmental windows may mitigate this potential)
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Guidance Published in 2013

Figura 1: Overview of the risk-basad approach

Risk identification
Identification of risk [e.g. behavioursl impact)

Technical Guidance on;
Underwater Sound in
Relation to Dredging

June 2013

LRttt

o

Dose- response assessment
Determine range of pessible responses (e.g. dose-response relationships)

* The process begins with
identification of the risk

 Beware of monitoring for its
own sake

ThelntelligenceGroup' ‘TlERRA

SOLUTIONS, INC.




=
O
>
4
-
©
L
—

i

ey sy o

Innnnammr
N
Hinnnnmn
==:==_=ﬂ==_=

IERRA

LB

SIS THILAT

Vv
[helnteligenceGroup



References

« CEDA (Central Dredging Association), 2011. Underwater Sound in Relation to
Dredging.

« Clarke, Douglas, Charles Dickerson, and Kevin Reine, “Characterization of
Underwater Sounds Produced by Dredges,” ASCE, Dredging 2002.
http://ascelibrary.org (accessed on 10/02/15).

 Dickerson, C., K.J. Reine, and D. G. Clarke. 2001. Characterization of underwater
sounds produced by bucket dredging operations. DOER Technical Notes Collection.
ERDC TN-DOER-E14. Vicksburg, MS: U.S. Army Engineer Research and
Development Center. www.wes.army.mil/el/dots/doer.

 Reine, K. J., D. G. Clarke, and C. Dickerson. 2012. Characterization of underwater
sounds produced by a hydraulic cutterhead dredge fracturing limestone rock. DOER
Technical Notes Collection. ERDC TN-DOER-E34. Vicksburg, MS: U.S. Army
Engineer Research and Development Center. www.wes.army.mil/el/dots/doer.

 Reine, K. J., D. G. Clarke, and C. Dickerson. 2012. Characterization of underwater
sounds produced by backhoe dredge excavating rock and gravel. DOER Technical
Notes Collection. ERDC TN-DOER-E36. Vicksburg, MS: U.S. Army Engineer
Research and Development Center. www.wes.army.mil/el/dots/doer.

ThelntelligenceGroup” MY TIERRA

SOLUTIONS, INC


http://www.wes.army.mil/el/dots/doer
http://www.wes.army.mil/el/dots/doer
http://www.wes.army.mil/el/dots/doer

References

 Reine, Kevin J., Douglas Clarke, Charles Dickerson, and Geoff Wikel. 2014.
Characterizing Underwater Sounds Produced by Trailing Suction Hopper Dredges
During Sand Mining and Pump-Out Operations. ERDC/EL TR-14-3. Vicksburg, MS:
U.S. Army Engineer Research and Development Center.

* Reine, K. J., and C. Dickerson. 2014. Characterization of Underwater Sound
Produced by a Hydraulic Cutterhead Dredge During Navigation Dredging in the
Stockton Deep-Water Channel, California. DOER Technical Notes Collection. ERDC
TN-DOER-E38. Vicksburg, MS: U.S. Army Engineer Research and Development
Center. www.wes.army.mil/el/dots/doer.

« Southall, Brandon L., Ann E. Bowles, William T. Ellison, James J. Finneran, Roger L.
Gentry, Charles R. Greene Jr., David Kastak, Darlene R. Ketten, James H. Miller,
Paul E. Nachtigall, W. John Richardson, Jeanette A. Thomas, & Peter L. Tyack.
“Marine Mammal Noise Exposure Criteria: Initial Scientific Recommendations,”
Agquatic Mammals, Volume 33, Number 4 (2007): ISSN 0167-5427.

«  WODA (World Organisation of Dredging Associations). 2013. Technical Guidance on:
Underwater Sound in Relation to Dredging.

ThelntelligenceGroup” MY TIERRA

SOLUTIONS, INC


http://www.wes.army.mil/el/dots/doer

	Dredging Operations and the Potential Impacts of Underwater Sound
	Topics Covered
	State of Affairs
	Background
	Sound is Everywhere in the Underwater Environment  
	Dredging Sound  
	Backhoe Dredger
	Phase I Removal Action Project 
	Project Overview
	Phase I UWS Monitoring Program
	Phase I UWS Monitoring
	Phase I UWS Monitoring
	Phase I UWS Monitoring
	Phase I UWS Monitoring
	Background Peak SPL
	Sheetpile Peak SPL
	Dredging Peak SPL
	Comparison of Results with Other Studies
	Phase I Findings / Conclusions
	Overall Conclusions and Recommendations
	Guidance Published in 2013
	Thank You!
	References
	References

