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PAH  Polycyclic aromatic hydrocarbon 
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PQL   Practical Quantification Limit 
PRG  Project Review Group 
PSDDA  Puget Sound Dredged Disposal Analysis, the precursor to DMMP 
PSEP   Puget Sound Estuary Program 
PSET  Portland Sediment Evaluation Team 
QA/QC   Quality Assurance/Quality Control 
RI/FS   Remedial Investigation/Feasibility Study 
RSET   Regional Sediment Evaluation Team 
SCUM II  Sediment Cleanup User’s Manual, 2015 Update 
SEF   Sediment Evaluation Framework 
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SL   Screening Level 
SMS   Sediment Management Standards 
SQV   Sediment Quality Value 
SRM   Sediment Reference Material 
TBT  Tributyl tin 
TEQ   Toxic Equivalence 
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INTRODUCTION 
 Meeting Overview 

The 28th annual review of sediment management issues in Washington State was held on May 4, 
2016.  The Sediment Management Annual Review Meeting (SMARM) is a joint meeting of the 
Dredged Material Management Program (DMMP) and the Washington Department of Ecology 
Sediment Management Standards (SMS) program, open to all.  The DMMP is an interagency 
cooperative program that includes the Seattle District of the U.S. Army Corps of Engineers (USACE), 
Region 10 of the Environmental Protection Agency (EPA), the Washington Department of Natural 
Resources (DNR); and the Washington Department of Ecology (Ecology).  The DMMP partners with 
Ecology’s SMS program annually to engage and inform interested parties on sediment management 
issues in Washington.   

The meeting moderator was Justine Barton of the EPA.  Amy Reese, Acting Chief of the Seattle 
District Corps of Engineers Operations Division, gave welcoming remarks.  Representing 
management from each participating agency at the head table were the following: 

EPA:  Linda Anderson-Carnahan – Associate Director, Office of Environmental, Policy and Tribal 
Affairs 
DNR:  Kristin Swenddal – Manager, Aquatic Resources Division 
ECY:  Jim Pendowski – Program Manager, Toxics Cleanup Program 
USACE:  Amy Reese – Acting Chief, Operations Division 

This document provides a brief summary of each presentation, the questions and associated 
answers that followed the presentation, and reproductions of slides shown. It also documents any 
proposed program updates and their resolution (Table 1).  Attached as appendices are the following 
documents: 

Appendix 1:  Meeting Announcement (distributed via e-mail 30 days before the meeting to known 
interested parties and previous attendees) 
Appendix 2:  Agenda 
Appendix 3:  List of Attendees 
Appendix 4:  Program Updates:  Final Issue and Clarification Papers 

 

 SMARM Program Updates 
All changes to the DMMP program since its inception have been made through the SMARM process: 
papers proposing updates are presented, public comments are taken, and proposals are then 
adopted as originally presented, modified based on comments, or not implemented at all.  

DMMP identifies three kinds of papers: Issue, Clarification and Status.  Issue papers propose 
substantive program-level changes that typically require approval by the directors or managers of all 
four DMMP agencies in order to implement. Clarification papers propose updates and modifications 
to existing guidance that do not substantively change the program or policy. Status papers are for 
information only. Status papers may report on current investigations that could eventually result in 
an Issue or Clarification paper, or they may simply be information of interest to stakeholders.   



 

Three clarification papers were presented for consideration at the 2016 SMARM, as shown in Table 
1.  No comments were received on any of the papers. Finalized 2016 SMARM papers are included in 
Appendix 4 of this document. They are also available online at the DMMP’s website:  

http://www.nws.usace.army.mil/Missions/Civil-Works/Dredging/  

 

Table 1.  SMARM 2016 Program Updates 
PAPER TITLE PAPER TYPE DMMP ACTION 
Updated Dioxin Testing 
Requirements for Dispersive Disposal 
Sites in Puget Sound 

Clarification No comments received. Paper finalized 
without changes. 

Adoption of Elements of the 
Sediment Evaluation Framework for 
the Pacific Northwest for Use in the 
DMMP 

Clarification No comments received. Paper finalized 
without changes. 

Revised Evaluation Guidelines for 
Benzyl Alcohol in Marine Sediments Clarification No comments received. Paper finalized 

without changes. 
 

  



 

PRESENTATIONS 
 Origin and Evolution of DMMP 

Justine Barton, EPA 
David Fox, USACE 

Summary 

Justine Barton and David Fox started with the “State of the Sound” and regulatory situation that lead 
to the initiation of the original Puget Sound Dredged Disposal Analysis (PSDDA) study in the mid-80s. 
They presented the scope and objectives of the study as well as participants and final program 
elements. They then discussed early PSDDA implementation as well as concurrent initiatives such as 
the Cooperative Sediment Management Program and Multiuser Disposal Sites (MUDS) study, as well 
as the initiation of the Sediment Management Standards (SMS). Key changes and expansion of the 
program were noted. A comparison of the original PSDDA study with the current Dredged Material 
Management Program (DMMP) was then provided, with key processes such as annual review, site 
monitoring, and agency director participation highlighted. Evolution and the adaptive management 
aspects of the program over time were noted, including bioaccumulation, site monitoring, 
Endangered Species Act (ESA) compliance, and volume predictions v. actual (for both 
suitable/unsuitable determinations as well as overall volumes). They wrapped up with discussion of 
agency flexibility/Best Professional Judgment (BPJ), communication to and from the program as it 
now exists, and finally a list of challenges for the future. Please see the slides associated with the 
talk for details.  

Discussion 

Q: Jim Thornton (Ecology and Environment) – Would like to offer some additional background on the 
program: PSDDA was intended to address clean not contaminated sediments. Commends the U.S. 
Corps of Engineers (USACE) for defending program from USACE headquarters’ attacks on it at the 
time.  The group worked with elected officials to keep PSDDA intact.  Careers were put on the line to 
do this. Another focus of the group was establishing navigation protocols for open-water disposal 
activities (to prevent short dumping and other violations).  These have clearly worked (based on the 
information provided in Dave and Justine’s presentation). The Navy Homeport project in Everett was 
another huge effort at the inception of the program and raised the issue of confined aquatic 
disposal. The Shoreline Hearings Board scrutinized PSDDA data and the program came through 
intact.  Also, Ecology (ECY) and EPA established the source control program which is ongoing and 
was originally identified through this process.  

A: Thanks for your thoughts. 

Q: John Malek – Liked the presentation. The original concept was to instill interagency cooperation 
(since that didn’t happen so much in the past). A key element of PSDDA was to specifically prioritize 
the sediments issue so that it would remain a priority of the Agencies.  Yearly director meetings 
helped reinforce this. 

A: Thanks for your thoughts 

Q: Webinar comments submitted by Tom Gries, Ecology:   

• Tipping fees [for a multiuser confined disposal facility] COULD be competitive [with rail 
transport to Eastern Washington] but too difficult given existing capacity. 

• Maybe not important but no mention of "Status Reports” at ARM/SMARMs 



 

• I would not have said it was IMPRACTICAL to convene agency directors - it worked for a while. 
But even lining them up WELL in advance didn't work - one or more would always cancel. So I 
think it would be more accurate to say there was less interest/commitment to participation 
at that level. Probably because they became convinced everything was working fine and they 
trusted staff. 
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Origin	and	
Evolution	of	
DMMP

Justine	Barton	‐ EPA
David	Fox	‐ USACE

1980’s	NOAA	studies		
identified	English	Sole	
with	liver	lesions	

1984	Seattle	Times
highlighted	contaminated	
sediments	in	Puget	Sound

Early	waterfront	industries
contaminated	Puget	Sound

Mid‐1980s	State	of	the	Sound
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Early	Dredged	Material	Management	

 Corps	evaluated	Federal	navigation	dredging,	while	
Ecology	and	EPA	reviewed	for	permits

 Water	quality	based	initially,	for	sediments	‐ no	
consistent	standard	‐‐ site‐specific	background	
concentrations	used	for	Elliott	Bay	(Four‐Mile	Rock),	
Port	Gardner	‐‐ controversial

 Little	disposal	site	monitoring

 Crisis	develops:
 Public	awareness	and	outcry,
 Four‐Mile	Rock	&	Port	Gardner	sites	first	closed	in	1984
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PSDDA

 Puget	Sound	Dredged	Disposal	Analysis

 4.5	years,	$4.5M	Corps‐led	study

 Phase	I:		Central	Puget	Sound

 Phase	II:		North	and	South	Sound

4

PSDDA	Study	– Workgroups

PS
D
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A
	W
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Disposal	Site	Selection

Evaluation	Procedures

Management	Plans
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Participants

USACE

EPA

Ecology

DNR

Private	
citizensTribes

WPPA
and	

individual	
ports

PSWQA

NMFS

USFWS

WDFW

Other	
federal,	
state	and	
local	

agencies

Universities	
and

consultants

Workgroups
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PSDDA	Study	– Objectives

 Identify	acceptable	multi‐user	unconfined							
open‐water	disposal	sites	for	dredged	material	
that	passes	evaluation	guidelines

Define	consistent	and	objective	dredged	material	
evaluation	procedures	

Develop	site	management	plans,	including	
monitoring,	to	provide	controls	on	site	use	and	
assure	program	accountability

7

• 5	Non‐dispersive	

• 3	Dispersive

Eight

Sites

Selected

PSDDA	Disposal	Sites

8

Site	Condition	II	Selected

 Minor	adverse	effects
 Some	chronic	sublethal	effects	on‐site

 Potential	increase	in	mortality	of	more	
sensitive,	but	less	abundant,	crustacean	species

 No	significant	effects	off‐site

 Some	bioaccumulation	expected	on‐site,	but	not	
enough	to	pose	a	human	health	problem

Source:		PSDDA	Evaluation	Procedures	Technical	Appendix	– Phase	I	
(Central	Puget	Sound);	Part	II,	Section	9.6.3.2

9

Evaluation	Procedures

 Screening	levels	(SLs)	and	maximum	levels	(MLs)	
based	on	apparent	effects	thresholds	(AETs)

 Bioaccumulation	triggers	(BTs)	established	
between	SLs	and	MLs	or	on	chemical‐specific	basis

 SL	exceedances	trigger	bioassays;	BT	exceedance	
triggers	bioaccumulation	testing

 Exceedance	of	multiple	MLs	or	single	ML	by	100%	
resulted	in	unsuitability	(no	longer	in	effect)
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Site	Monitoring	Questions

Are	significant	
acute	effects	
observed	to	
biological	

resources	on	
site?

Does	the	
dredged	material	
stay	on	site?

Are	
unacceptable	
effects	due	to	

dredged	material	
disposal	

occurring	to	
biological	

resources	off	
site?

1 2 3

Each	question	answered	by	testing	two	hypotheses
11

Site	Monitoring	Components

 Sediment	profile	imaging	(SPI)
 Chemical	testing	at	on‐site	and	perimeter	stations
 Bioassays	on‐site
 Benthic	community	evaluation
 Tissue	analysis
 Benchmark	stations
 Volume	triggers	(originally	45,000	cy)
 Full	vs.	partial	monitoring

12
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Agency	Roles	and	
Responsibilities

USACEEPA

•EcologyDNR

‐ Suitability	determinations
‐ Disposal	site	management

‐ Program	updates

Section	404	permits

Physical	monitoring

DAIS	database

Baseline	monitoring

Dredging	inspection
plans	for	non‐Corps	projects

Section	401	WQC

Update	AETs

Environmental	monitoring

Acquire	shoreline	permits

Collect	disposal	fees

Disposal	record

Testing	requirements	for	
Section	404	permits

Review	Section	404(b)(1)	
evaluations

13

Early	PSDDA	Implementation

 Many	minor	program	modifications	to	address	
technical	issues	with	chemistry	analysis	and	
bioassays	

 Developed	User	Manual

 Developed	suitability	determinations

 Started	monthly	meetings

 Example	sampling	and	analysis	plans
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SMS	Implementation

 Adopted	in	March	1991

 Deferred	to	existing	PSDDA	guidelines	for	dredged	
material	evaluation,	or	as	amended

 Antidegradation	policy	applicable	to	sediment	
exposed	by	dredging

 Ecology	considered	establishing	sediment	impact	
zones	for	PSDDA	sites

 “Regulatory	beauty”

15

Original	Vision	for
“Regulatory	Beauty”*

Sediment
Impact	Zone
Maximum

PSDDA
Disposal
Guidelines

Cleanup	Screening	
Level	=	Minimum	
Cleanup	Level

Source
Control

Dredging Cleanup

Regulatory
Limit

Sediment	
Quality	
Standards

Cleanup
Standard

Cleanup
Objective

*from ARM	presentation	by	Keith	Phillips	(Ecology)	in	May	1991	
16

Cooperative	Sediment
Management	Program

 1994:		Interagency	agreement	signed

 PSDDA	agencies	plus	Puget	Sound	Water	Quality	
Authority

 Initial	action	items:
 Sediment	cleanup	strategy	(Bellingham	Bay	pilot)

 Action	plan	for	multiuser	confined	disposal	site(s)

 Policies	to	facilitate	beneficial	use	of	dredged	material

17

MUDS

 Multiuser	confined	disposal	sites	envisioned

 USACE	initiated	feasibility	study	in	1997

 Conclusions	(2003):

 Significant	environmental,	political,	permitting,	
financing	and	administrative	obstacles

 Private	sector	provided	readily	available	solution

 Transload	from	dredge	barges	to	rail	cars	with	disposal	
at	two	regional	landfills	east	of	the	Cascades

18
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PSDDA	becomes	DMMP

 1995:		Grays	Harbor	and	Willapa Bay	Evaluation	
Procedures	and	Disposal	Site	Management	Manual

 1998:		Columbia	River	Dredged	Material	
Evaluation	Framework

 1998	SMARM:		Acronym	‘DMMP’	used	for	the	first	
time

19

• All	dispersive	sites
• Four	estuarine	and
one	ocean	site

• Flowlane disposal	
in	Willapa

Grays	
Harbor/		
Willapa	
Bay

• All	dispersive	sites
• Flowlane disposal	

Lower	
Columbia	
River

Open‐Water	Disposal	Sites:		Grays	Harbor,	
Willapa	Bay	and	Lower	Columbia	River

20

PSDDA	Study	vs.	DMMP
 Series	of	slides	comparing	the	original	PSDDA	
program	to	today’s	DMMP

 Annual	review	process

 Role	of	agency	directors

 Program	updates

 Bioaccumulation

 Site	Monitoring

 ESA	compliance

 Suitability	– PSDDA	predicted	vs.	actual

 Disposal	volumes
21

Design vs. As‐Built

22

Annual	Review	as	Envisioned	in	
PSDDA	Study

Chemical	and	
biological	
monitoring	
report	(DNR)

Physical	
monitoring	
report	
(Corps)

Management

plan

assessment

report

(Ecology)

proposed
changes

Monitoring	
summary	
report	

(Ecology)

Site‐use	
report	
(DNR)

Dredged	
material	
evaluation	
report	
(Corps)

Annual	
Review	
Meeting

Public	
notified	of	
changes

February

23

Early	Annual	Review	Meetings

 February	1989;	April	1990;	May	1991

 Issues	raised	by	participants	added	to	flip	chart

 Issues	to	be	addressed	summarized	at	the	end	of	
the	meeting

 Post‐ARM	agency	meeting

 Public	notified	of	changes

 Reporting	and	annual	review	requirements	revised	
in	1991	to	eliminate	redundancy	and	improve	
efficiency

24
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Revised	Reporting	Procedures

Biennial
report
(Corps)

Dredged	material
evaluation	activities	(Corps)

Regulated	projects	site‐
use	information	(DNR)

Corps	site‐use	
information	(Corps)

Chemical	and	biological	
monitoring	(DNR)

Physical	monitoring	
(Corps)

Joint
monitoring	
report

(DNR	and	
Corps)

monitoring	reports	decoupled…

…from

biennial	
reports	

summarize	
monitoring	
results	when	
available

25

Revised	Annual	Review	Process

Draft	
clarification	
and	issue	
papers

Public	
Issue	
Papers

Final	
clarification	
and	issue	
papers

Comments	
on	draft	
papers

Annual	
Review	
Meeting

DMMP	
agencies	

identify	and	
prioritize	
issues

Monitoring	
results

Changes	to	
regulations	
or	national	
guidance

New	
science

Project	
experience

Feedback	
from	

multiple	
sources

May
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Agency	Directors

 Originally	envisioned	to	be	briefed	each	year	and	
approve	all	changes	to	PSDDA	management	plan

 Impractical;	convene	only	for	most	significant	
issues;	for	example:

 Neanthes implementation
 CSMP
 Revised	dioxin	guidelines

27

Program	Evolution

28

Some	Significant	Program	Updates

• Revised	dioxin	guidelines
• Freshwater	sediment	screening	levels	and	bioassays
• Alignment	with	RSET	(SEF)

Regulatory	guidelines

• Microtox dropped,	Neanthes added
• Bioaccumulative	COC	list	updated
• Standard	Reference	Material	for	Puget	Sound

Chemical	and	biological	testing

• Debris	screening

Disposal	site	use

29

Bioaccumulation	‐ PSDDA

 Potential	ecological	effects	acknowledged…
 …but	a	decision	was	made	to	focus	on	
human	health	only,	because:
 Ecological	effects	were	unknown	at	the	time
 Some	COCs	are	metabolized,	complicating	any	
analytical	approach

 Tissue	concentrations	associated	with	human	
health	effects	could	be	calculated

30
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Bioaccumulation	‐
2013	SMS	Rule	Revision

 25	years	after	PSDDA	study	– science	and	
policy	on	bioaccumulatives	had	changed

 New	understanding	about	exposure	and	risks	of	
bioaccumulative		compounds

 SMS	revisions	based	on	human	health	exposure	
and	risk	as	well	as	risk	to	higher	trophic	levels

 Acceptable	concentrations	often	default	to	
natural	and	regional	background

31

Bioaccumulation	‐ DMMP

 Bioaccumulation	protocols	have	been	
periodically	updated	(e.g.	COC	list,	length	of	
test,	co‐testing	of	species)

 But	focus	of	site	monitoring	has	been	on	
benthic	species	and	community	impacts	and	
not	on	trophic	transfer	of	bioaccumulatives

32

Site	Monitoring

 Basic	framework	remains	the	same,	but	some	
changes	have	been	made:
 Monitoring	trigger	volumes	increased
 Tiered	monitoring	introduced
 Chemical	tracking	system	implemented
 Special	monitoring	events	added	to	address	
specific	issues	(e.g.	EB	debris	survey)

 Dioxin	baseline	surveys	conducted	and	dioxin	
added	to	monitoring	plan

33

Endangered	Species	Act	Compliance

 PSDDA	documents	did	not	
anticipate	the	level	of	effort	
required	for	compliance	
(fewer	listed	species	then)

 Now:		rockfish,	salmonids,	
Southern	Resident	Killer	
Whales

 Biological	Opinion	for	rockfish

34

1988/89	PSDDA	Forecast	vs.	Actual

35

Commencement	Bay	(ND)

PSDDA forecasts based on Site Condition II and chemical data from specific projects 
in the planning stage at the time (e.g. Blair/Sitcum navigation improvement project) 

as well as maintenance dredging projects.  Not all planned projects were constructed.   
36
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Elliott	Bay	(ND)

37

Port	Gardner	(ND)

38

Anderson‐Ketron	(ND)

39

Bellingham	Bay	(ND)

40

Dispersive	Sites

Disposal Site

PSDDA 

Forecast Actual

Port Angeles 100 100

Port Townsend 100 98.9

Rosario Strait 100 97.5

Suitable for Disposal (%)

41
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Puget	Sound	Testing	History

forecast	unsuitable	rate:		27.9%
actual	unsuitable	rate:		11.8%

Average	annual	test	
volume:		1.23	million	CY
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Puget	Sound	Disposed	Volumes	(1989‐2015)
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PSDDA	estimated	non‐dispersive	site	capacity

Non‐Dispersive Dispersive

43

2009	Commencement	Bay
Supplemental	Environmental	Impact	Statement

 Cumulative	disposed	volume	~	7.9	mcy in	2007

 Mound	height	=	121	ft

 Shoreline	permit	volume	limit:		9	mcy

 SEIS	evaluated	management	alternatives

 Selected	alternative	included	two	additional	disposal	
coordinate	shifts	(one	shift	already	implemented	in	2007)

 New	site	capacity	=	23	mcy

 Predicted	mound	height	=	155	ft

44

Flexibility	and	Communication

45

Agency	Flexibility

 EPTA	(PSDDA	Phase	I):
 Use	best	professional	judgment	as	needed
 project‐specific	basis
 Use	of	BPJ	should	be	the	exception,	not	the	rule
 Seek	agency	consensus
 Document	use	of	BPJ

 2010	Dioxin	Guidelines:
 Case‐by‐case	determinations	may	be	made	based	on:

 Sequencing
 Cumulative	effects	of	bioaccumulatives
 Frequency	of	site	use

46

Examples	of	Flexibility

 Recency	extensions

 No‐test	determinations

 Dioxin	reason‐to‐believe	guidelines

 Case‐by‐case	dioxin	evaluation

 Benzyl	alcohol

 Documenting	use	of	BPJ:
 Suitability	determinations	document	use	of	BPJ
 Biennial	reports	document	use	of	BPJ

47

Communication

 SMARM
 Monthly	meetings

 Open	to	anyone	(labs,	ports,	dredging	project	
applicants,	etc.)

 Project‐specific	discussions
 Technical	and	policy	issues

 DMMO	website	and	User	Manual	updates

 Biennial	Reports

48
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Challenges

 Two	sites	currently	without	shoreline	permits
 Bellingham	Bay
 Anderson/Ketron

 Opposition	to	A/K	site
 Local	resident	concerns
 Pierce	County	SMP	proposed	revisions	prohibit	dredged	
material	disposal	in	Nisqually	Aquatic	Reserve

 Limited	monitoring	budget

50

More	Challenges

 Effective	communication	and	participation/input

 PAHs	– demonstrated	effects	to	fish

 Other	bioaccumulatives	– e.g.	PCBs,	PBDEs

 Integration	of	2013	SMS	revisions	with	DMMP

 Budget	and	staffing	limitations

51

Questions?

52



 

 Legislative Proviso for Management Review of DMMP 
Jim Pendowski, Ecology 

Summary 

Jim Pendowski presented an overview of the 2016 budget proviso. The Washington State Legislature 
included a requirement within Ecology’s budget (the proviso) for the Director to conduct a 
management review of the DMMP decision making and evaluation process.  The review will be 
conducted by the State (Ecology and DNR) while coordinating with federal agencies (USACE, EPA, 
USFWS, and NMFS). 

The proviso identified 3 items to include in the review: 

• How management oversight of the DMMP is incorporated 
• Effect of DMMP policies and decisions on navigation and commerce 
• Identifying what regulatory flexibility exists and how it is used in decision-making 

A report to the legislature is due November 1, 2016 with findings and recommended actions. 

Mr. Pendowski briefly reviewed how the work will be done given constraints of time, staff resources, 
and regulatory and policy framework. The presentation was concluded by requesting input and ideas 
by May 30th. 

Discussion 

Q. Gerry O’Keefe (Washington Public Ports Association [WPPA]) – It takes a cooperative effort to get 
Port work done. Ports need to rely on dredging to work to maintain access to waterways. This is an 
issue that is very important to the ports and they are extremely invested in environmental protection 
(cleanup and remediation of contamination). Ports will be forceful advocates for strategies that 
achieve sediment management objectives at disposal sites. We want you to look at how we can do 
that. There is too much emphasis at looking at individual DMMUs rather than focused on the 
sediment management objectives. Ports remain committed to ensuring these objectives are met and 
want you to look at how to promote project-specific flexibility that is already in the guidelines. Looking 
forward to working with the agencies to make this happen.   

 

Erik Gerking (Port of Everett) – Thank you for the presentations and we appreciate the work going 
into this management review. We look forward to working with you specifically on our marina project. 
Thanks to DMMP for working on the sampling and analysis plan. We support WPPA comments. This 
is important to us. The marina project is very important to us as well. We are excited about 
bioaccumulation testing we are doing but we have concerns about the results and success of the 
testing in terms of the outcome for our projects. We encourage the emphasis on case-by-case 
flexibility and using all of the tools in the toolbox.  

 

Teresa Michelsen, (Farallon Consulting) –The DMMP is the most transparent program I have ever 
worked with. I agree with Justine that a review of flexibility is useful especially in terms of looking at 
disposal as a holistic event rather than a DMMU-by-DMMU event as has been done in the past. The 
four agencies have worked well together and with the regulated community. With the increased 
focus on bioaccumulatives, constraints have been imposed on dredging and disposal from other 
agencies outside of the DMMP. Please keep that in mind when conducting the management review, 
and pay particular attention to the constraints coming from the resource agencies and from the ESA 



 

that have developed over a number of years and made this process more difficult for everyone 
(DMMP and regulated parties).  

A: That is an insightful comment. We will look at this issue and also at the local governments in 
terms of their rules and regulations imposed on dredging and disposal. Reality is that this may be the 
first step in a rather long process to figure out.  

Thank you everyone for your time and comments. We encourage further comments and are open to 
your thinking as we progress in the management review. 

Q: Tom Gries (Ecology) written via webinar - Seems like the entities that pushed this proviso should 
be interviewed to determine exactly what they think is NOT working. Better to respond to the real 
concerns than free-form gather opinions. 
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• Washington State Legislature included a 
requirement within Ecology’s budget 
(the proviso) for the Director to conduct 
a management review of the DMMP 
decision making and evaluation process

• Review will be conducted by the State 
(Ecology & DNR) while coordinating with 
our Federal colleagues (Corps, EPA, 
USFWS & NMFS)Courtesy floatingplantservices.com

Courtesy American constco.com 

decision‐making and policies 
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DMMPproviso@ecy.wa.gov

Thank you!



 

 Updates on Toxics Cleanup Program’s Budget, Policy and Cleanup Site 
Developments, and SCUM II revisions 

 

Chance Asher, Ecology 

Summary 

Chance Asher presented updates on Ecology’s Toxics Cleanup Program’s (TCP) budget, sediment 
policy work, the sediment cleanup user’s manual (SCUM II), and current sediment cleanup projects. 

The TCP program budget is experiencing a significant revenue shortfall, forcing Ecology to shuffle 
funds between accounts and delay some cleanups.  The recent significant decline in oil prices has 
led to a decrease in hazardous substance tax revenue which funds cleanup and some pollution 
prevention programs. Despite budget shortfalls, SCUM II was recently finalized and Ecology plans to 
continue policy updates in 2016-17. 

Sediment cleanup updates followed, with special focus during the presentation given to Port 
Gamble, Bellingham Bay (Whatcom Waterway), Port Gardner (Everett Shipyard, Mill A), and Ridgefield 
National Wildlife Refuge (Lake River and Carty Lake). 

Discussion 

Q: Carl Patton (On-Site Environmental) - Are there plans for securing other sources of funding for 
TCP? 

A: Jim Pendowski (Ecology) – Yes, but this can’t come from the usual toxics account since it is 
projected to be $45 Million in the negative going into the next biennium.  The plan is to take all 
capital demand off the revenue stream from the toxics account and move as much of that demand 
as possible to State building construction bonds.  This is a new arena for capital cleanup projects. 
Our requests for cleanups will go into the bond pool with school construction bonds and storm water 
requirements, etc.  For the next biennium, we will build our capital budget starting with funding 
delayed projects or unfunded projects because of the current budget shortfall, then consider funding 
additional projects. Then we will work to take on additional projects to make this work under the 
shortfall.  We are under a hiring restriction due to cuts in the operating budget.  TCP currently has a 
10% vacancy rate for cleanup Project Manager positions that we are holding vacant to manage this.  
Other marine/Puget Sound projects affected by the funding shortfall include source control on LDW 
and large cleanup projects in Everett, Bellingham, Anacortes, and Port Angeles. Current projections 
are that it will take at least 3-4 years for the toxics account to recover enough to erase the negative 
~40 million we are starting with.
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Sediment Management Standards &

Sediment Cleanup

Chance Asher, Department of Ecology

Sediment Management Annual Review Meeting

May 4, 2016

Goals for Today

Provide updates on:

• 2015‐2017 Budget

• Sediment Policy Work conducted in 2015/16 

• Sediment Policy Work to be conducted 2016/17

• Sediment Cleanup User’s Manual (SCUM II) revisions 

• Sediment cleanup projects

2

Toxics Cleanup Program Budget
Declining Oil Prices and Revenue

• Cleanup and some 

pollution prevention 

programs rely on 

hazardous substance tax.

• Hazardous substance tax 

based on barrel price of 

crude oil.

• Significant price decline 

impacting cleanup and 

pollution prevention.

3

Brent Crude Price of Oil (Barrel)

$100

$50

Source:  U.S. Energy Information Administration, Dec 2015 

Toxics Cleanup Program Budget
Hazardous Substance Tax Revenue

• Managing revenue 

shortfall by transfer 

between MTCA accounts, 

loan from CSA, delay 

cleanup projects.

• Bad news: Some cleanups 

delayed based on: 

o Acuity of need  

o Readiness to proceed 

o Cost efficiency 

o Ensuring geographic 

distribution.

• Good news: Cleanup and 

policy work continues.
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Remedial Action Grants Funding 
Ten Year History

• Dollars reflect new funding for each biennium
• ~$65 million appropriated in 2015‐17 enacted budget. In  2016 Supplemental budget reduced 

to $60 million.
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Cleanup
projects
delayed

Puget Sound Initiative Funding
Ten Year History
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Sediment Policy 
What We’ve Done

• Finalized Sediment Cleanup User’s Manual 

(SCUM II)

• Finalized Regional Background studies

• Dedicated more sediment expert staff to 

policy and technical support

• Internal Training on SMS/SCUM II:

o SMS/SCUM II 3‐day training

o Sediment Technical and Policy Workgroup

7

SMS/SCUM II Training

8

SMS/SCUM II Training
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Sediment Policy 
What We’re Planning To Do

• 2016:

o Policy 1‐11 aka 303(d) policy

o NPDES Permit Writer’s Manual

o Regional background characterization

o Biomass endpoint development

o DMMP management review

o Climate change and cleanup

• 2017 (dependent on budget):

o Freshwater Natural Background (?)

o SCUM I revision (?)

o Regional Background (?)
10

Sediment Cleanup User’s Manual (SCUM II)
The Main Revisions

• Chapters 2, 4, 5, 6, 8, 11, Appendix E: Errors corrected

• Chapter 4: Clarified addressing data w/unusual TOC range.

• Chapter 5: PCB congeners and sum TEQ added Table 5‐1 

and EPA Method 1668 recommended.

• Chapter 6: TOC normalization equation added.

• Chapter 6 & 8: Added option to substitute Total PCB 

congeners for Total Aroclors for benthic criteria.

• Chapter 8: Corrected benthic criteria Tables 8‐1 & 8‐4. 

• Chapter 9: Clarified lipid‐ and OC‐normalization for BSAFs.

• Chapter 10: Added Total PCB congeners natural background.

11

Sediment Cleanup Updates
Cleanup Focus Areas 

• Bellingham Bay

• Fidalgo Bay & Padilla Bay

• Port Gardner & Snohomish 

River Estuary

• Elliott Bay/Lower Duwamish

• Port Gamble

• Port Angeles

• Oakland Bay

• Budd Inlet

• Columbia River

12

Bellingham Bay

Port Gardner

Fidalgo Bay

Port Gamble

Port Angeles

Commencement Bay

Budd Inlet

Elliott Bay/LDW

Oakland Bay

Lower Columbia River

Upper Columbia River
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Sediment Cleanup Updates 
What We’ve Been Up To

• Port Gamble

• Bellingham Bay: 

o Whatcom Waterway

• Port Gardner:

o Everett Shipyard

o Mill A

• Lower Columbia River:

o Lake River

o Carty Lake

13

Sediment Cleanup Updates 
Port Gamble

14

• Completed first year of a two year construction 
plan.

• Second year begins June 2016. 

• Significant habitat restoration tied to cleanup to 
benefit the rich natural resources in the area. 

Sediment Cleanup Updates 
Port Gamble

15

First Year
• 3314 pilings removed

• 3000 tons concrete & 
debris removed

Sediment Cleanup Updates 
Port Gamble

16

First Year
41,000 cy dredged

Sediment Cleanup Updates 
Port Gamble

17

First Year
1800 feet of shoreline remediated

Sediment Cleanup Updates 
Port Gamble

18

Second Year

• North Basin

• ~30,000 cy dredge

• 66 acres enhanced 
monitored natural 
recovery
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Sediment Cleanup Updates 
Bellingham Bay

19

Whatcom Waterway

Sediment Cleanup Updates 
Bellingham Bay – Whatcom Waterway

• Inner Waterway

• Log Pond

• CoCs: Mercury, dioxin,

metals

• Dredged ~158,900 cy

• Clean cap/residuals cover 

~126,000 cy

• Capping material:

o Clean sand

o Clean gravel

o Clean cobble

20

Sediment Cleanup Updates 
Bellingham Bay – Whatcom Waterway

21

Sediment Cleanup Updates
Port Gardner

• Everett Shipyard cleanup

• East Waterway ‐ pending

• Mill A – interim action pending

22

Sediment Cleanup Updates
Port Gardner – Everett Shipyard

23

• CoCs: metals, PAHs, PCBs
• ~9,000 cy dredged
• Capping in bulkhead areas
• Removal of marine railway and haul‐
out

Sediment Cleanup Updates
Port Gardner – Mill A

24

• Interim action scheduled Fall 2016
• Necessary to meet navigation depths and 
increase navigation access

Interim Action Dredge Area

• ~20,000 cy to be dredged
• ~1.7 acres
• Habitat improvement and mitigation
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Sediment Cleanup 
Ridgefield National Wildlife Refuge

• Lake River and Carty Lake 

• Wood treating facility on Lake River, 

Ridgefield.

• Upland cleanup:

o Excavated and capped 

hotspots.

o Steam enhanced remediation 

to remove major source.

• Sediment cleanup:

o Dioxins, PCP, metals.

o Precision dredging (shallow 

river depth and dredge prism). 

25

Carty Lake

Sediment Cleanup 
Ridgefield National Wildlife Refuge – Lake River

• Precision dredged near 

shore.

• Dredged to maximum 

of 3 feet.

• 1 foot clean sand backfill.

• 1 foot cap on other areas.

• Long‐reach excavator 

unloading barge at on site 

transload area.

26

Sediment Cleanup 
Ridgefield National Wildlife Refuge – Lake River

• Shoreline gravel placement from barge.

• Placing and grading shoreline rock.
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Sediment Cleanup 
Ridgefield National Wildlife Refuge – Lake River

• Nearly complete 

shoreline. 
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Sediment Cleanup 
Ridgefield National Wildlife Refuge – Carty Lake

• Wood treating facility on Lake River, Ridgefield.

• Sediment cleanup:

o Dioxins, PCP, chromium, arsenic.

o Dredging in the dry. 

o Wooden bulkheads removed

o New slope added
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Sediment Cleanup 
Ridgefield National Wildlife Refuge – Carty Lake

• Dredging to remove 

dioxins/furans.

• Transloading into trucks.

• Direct transport to 

landfill – no dewatering.

• Existing berm enhanced 

for a barrier and access 

during construction.

• Dewatering lines installed 

for onsite treatment.

30
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Sediment Cleanup 
Ridgefield National Wildlife Refuge – Carty Lake

• Placement of clean sand backfill to grade. 

• Worked with USFWS to ensure wetland was 

functional.

31

Sediment Cleanup 
Ridgefield National Wildlife Refuge – Carty Lake

• Wooden creosote  bulkhead removed.

• New slope/embankment created.

• Slope stabilization.

• Hydro seeding.

32

Sediment Cleanup 
Ridgefield National Wildlife Refuge – Carty Lake

• Embankments planted with native 
wetland vegetation.

33

Questions?

Comments?

34



 

 

 Update on 2015 DMMP Clarification and Issue Papers 
 

Kelsey van der Elst, USACE 

Summary 

To provide continuity to the program, Kelsey van der Elst presented on the current status of 
clarification and issue papers presented at the 2015 SMARM.  In total there were five clarification 
papers and one issue paper presented in 2015.   

- Revised Freshwater Sediment Screening Levels: This issue paper was originally presented at 
the 2014 SMARM.  Comments received in response resulted in the paper being re-written 
into three parts and presented at the 2014 RSET meeting. Additional comments were 
received.  Parts 1 (freshwater benthic SLs) and 3 (background approach for metals) were 
presented at the 2015 SMARM.  No additional comments were received in 2015, and parts 
1 and 3 were accepted and incorporated into the 2015 User Manual. 

- Reporting Summed Concentrations with J and/or U Flags:  One comment letter was received.  
The paper was revised to address comments and incorporated into the 2015 User Manual. 

- Freshwater Bioassays Species, Endpoint, Methods and Interpretive Criteria: No comments 
received.  Implemented and incorporated into 2015 User Manual. 

- Modification to Ammonia and Sulfide Triggers for Purging and Reference Toxicant Testing for 
Marine Bioassays:  Paper originally proposed in 2013 but not implemented.  2015 version 
incorporated revisions based on written comments and coordination.  Implemented with no 
further comments.  Incorporated into 2015 User Manual. 

- Debris Screening Requirements for Dredged Material Disposed at Open-Water Sites:  3 
comments letters were received.  DMMP agencies held a meeting with commenters to 
discuss issues and a proposed revised approach.  The paper was re-written to address 
comments and concerns.  Revised paper was adopted and incorporated in 2015 User 
Manual. 

- Tributyltin Measurement Basis: Two comment letters were received.  DMMP agencies held a 
meeting with commenters to discuss issues, concerns and a revised approach.  The paper 
was re-written to address comments, adopted, and incorporated in 2015 User Manual. 

A brief summary of other changes made to the 2015 User Manual included collecting the sulfides 
sample from the core composite and updated and clarified recommendations and requirements for 
data validation. 

Discussion 

No questions. 
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Update on 2015 DMMP 
Clarification and Issue 
Papers

Kelsey  van  der  Elst,  USACE
May  4,  2016

2015 DMMP Paper Status
Paper Paper Type Status

Revised Freshwater Sediment Screening 
Levels

Issue Originally presented at 2014 SMARM, then revised 
into three‐part paper for RSET 2014.  Substantial 
written comments on Part 2 of paper led to withdrawl
of that portion.  Parts 1 (freshwater benthic SLs 
promulgated in Washington in 2013) and Part 3 
(background based approach for metals) were 
presented at 2015 SMARM.

No comments received in 2015.  2015 SMARM 
minutes contain previous comment letters.
Implemented with no changes. Parts 1 and 3 
incorporated  in 2015 DMMP User Manual.

2015 DMMP Paper Status
Paper Paper Type Status

Reporting Summed Concentrations
with J and/or U Flags

Clarification Received one comment letter.  Paper revised and 
adopted.  Incorporated  into 2015 DMMP User Manual

Freshwater Bioassays Species,
Endpoint, Methods and Interpretive
Criteria

Clarification No comments received.  Implemented and 
incorporated  into 2015 DMMP User Manual

Modification to Ammonia and Sulfide
Triggers for Purging and Reference
Toxicant Testing for Marine Bioassays

Clarification Originally proposed in 2013 but not
implemented. 2015 version incorporates
revisions based on written comments
and coordination since SMARM 2014.
Implemented with no further comments
or revisions. Incorporated into 2015 DMMP User 
Manual

2015 DMMP Paper Status
Paper Paper Type Status

Debris Screening Requirements for
Dredged Material Disposed at Open‐
Water Sites

Clarification Received 3 comment letters.  DMMP agencies held a 
meeting with commenters to discuss issues and a 
proposed revised approach.  

Paper rewritten to address comments and concerns. 
Comments, along with agency response to comments 
published in the 2015 SMARM meeting minutes. 

Revised paper incorporated  in 2015 DMMP User 
Manual. 

Debris screening requirement begins in Dredge Year 
2016 (June 16, 2016)

2015 DMMP Paper Status
Paper Paper Type Status

Tributyltin (TBT) Measurement Basis Clarification Received 2 comment letters.  DMMP agencies held 
meeting with commenters to discuss issues, concerns 
and a proposed revised approach.  

Paper rewritten to address comments and adopted.  
Comments, along with agency response to comments 
published in the 2015 SMARM meeting minutes. 

Revised paper incorporated  in 2015 DMMP User 
Manual.

Default TBT analysis method is bulk, however 
porewater is still considered a better approximation of 
bioavailability.  Porewater results trump bulk.

Other 2015 User Manual Changes

Sulfides Sampling – Section 7.5.5
Collect sulfides from core composite

Data Validation – Section 8.5.4
Using EPA validation stages as described in Guidance for Labeling Externally Validated Laboratory 
Analytical Data for Superfund Use.  (EPA, 2009)

DMMP Recommendations
◦ Minimum EPA stage 2B for all chemistry data

◦ EPA Stage 4 strongly recommended for dioxin data

DMMP Requirements
◦ Minimum EPA Stage 2B required when reporting dioxin/furan and PCB results from the analysis of the 
Puget Sound SRM
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QUESTIONS?



 

 DMMP Project Evaluation Activities – Dredging Year 2016 
 

Heather Whitney Fourie, USACE 

Summary 

Heather Fourie (USACE) presented the DMMP project evaluation activities for DY 2016. During 
DY2016 (June 16, 2015 – June 15, 2016), 22 actions were completed.  Twelve of these actions 
resulted in Suitability Determinations; the remainder were other actions, including Tier 1 evaluations, 
recency extensions/evaluations, anti-degradation evaluations, or special studies. This is about an 
average workload for DMMP.  The majority of the DY2015 projects were located within Puget Sound, 
although a substantial number were located along the Columbia River and on the outer Washington 
coast.  Eight of the 22 completed actions involved projects in freshwater environments.  Only three 
projects had sediment that failed open-water disposal guidelines: Port of Everett Pacific Terminal 
Former Mill A (1 DMMU had a bioassay failure; other DMMUs failed due to dioxin and/or MTCA 
cPAHs and PCBs); Georgia Pacific Gypsum (failures due to dioxin and hexachlorobutadiene); and 
Targa Sound Terminal (all material failed due to chemistry, including dioxin; no bioassays 
conducted). 

Exceedances of benzyl alcohol and benzoic were again noted in DY2016; the DMMP did not require 
bioassays for Bellingham Cold Storage, for which benzyl alcohol was the only chemical exceedance. 
The DMMP re-evaluated the use of best professional judgment for projects with benzyl alcohol 
exceedances; the finding are summarized in the benzyl alcohol presentation. 

Finally, the DMMP User Manual was updated in November 2015 and will be updated annually after 
SMARM. 

Discussion 

No questions. 
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DMMP Project 
Evaluation 
Activities

DREDGING YEAR 2016

Heather Whitney Fourie
US Army Corps of Engineers

Seattle District

DMMP:  What’s the Point?

Provide affordable and 
environmentally 

protective options for 
open‐water disposal
of dredged material

Keep clean
sediments in the 
water instead of 

in landfills

Allow marine 
commerce to 

maintain navigable 
depths and plan for 

the future

Provide 
information for 

potential 
beneficial uses 
of clean material

Identify dredged 
material that is 
unsafe for biota, 
fish or humans 

Puget Sound Disposal Sites Dredging Year 2016

 DY 2016: 16 June 2015 to 15 June 2016

 One month remaining in DY2016; 9 ongoing projects

 Decision Documents in DY2016:

 Suitability Determinations

 Others:

 Recency Extensions/Evaluations

 Tier 1 Evaluations

 Antidegradation Determinations

 Special Studies

DY16 Completed Actions

 Suitability Determinations (12)

 Others (10):

 Recency Extensions/Evaluations 
(4)

 Antidegradation (1)

 Tier 1/No Test (4)

 Special Studies (1)

 Ongoing (9)
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DY16 Project Locations

DY16 Testing

Out of 22 completed actions:

 10 projects ‐ chemical testing

 9 projects ‐ dioxin testing

 3 projects ‐ bioassays

 5 projects – antidegradation testing

 No bioaccumulation testing

Projects with chemical guideline exceedances

PROJECT CHEMICALS  COMMENTS

Port of Everett
Pacific Terminal

Napthalene, diethyl phthalate, 2‐
methylphenol, 3‐methylphenol 2,4‐

dimethylphenol, benzoic acid, 
benzyl alcohol, dioxin

MTCA cleanup site; high wood 
content encountered; bioassays 

conducted

Georgia‐Pacific Gypsum Hexachlorobutadiene, dioxin

No bioassays conducted; upland 
disposal selected (clean native 

material was disposed at 
Commencement Bay site)

Targa Sound Terminal (Hylebos
Waterway)

Butylbenzyl phthalate, total PCBs, 
hexachlorobenzene, total 

chlordane, dioxin

No bioassays conducted; upland 
disposal selected

Bellingham Cold Storage Benzyl alcohol Only exceedance, no bioassays

Mukilteo Multimodal (WSDOT‐
WSF)

Fluoranthene, pyrene, chrysene, 
total HPAH

Bioassays conducted (passed)

Seattle Harbor
USACE/Port of Seattle

TBT, Total PAHs, PCBs, arsenic, 
mercury, zinc, benzoic acid, benzyl 

alcohol, pyrene, butyl benzyl phthalate, 
1,4-dichlorobenzene, dioxin

Special study; MTCA cleanup site; 
bioassays conducted

Benzyl Alcohol & Benzoic Acid

 Many projects in DY15 with exceedances of ONLY these constituents

 Can be due to decay of plant material and woody debris; anthropogenic 
sources include pharmaceuticals, soap, perfume and flavorings

 One project in DY16 with benzyl alcohol (only) exceedance

 Bellingham Cold Storage

 DMMP has not required bioassay testing on case‐by‐case basis

 DMMP has reviewed benzyl alcohol decision‐making

 Stay tuned for later presentation

Dioxin Testing DY16

All TEQs reported are calculated with U = ½ EDL

9 projects tested for dioxin.

3 projects had failures due to dioxin:

 Port of Everett, Pacific Terminal (5/11 DMMUs failed due to 
dioxin)

 Georgia‐Pacific Gypsum (1/2 DMMUs failed due to dioxin)

 Targa Sound Terminal (all material failed due to dioxin)

Dioxin Testing DY16, cont.

5 projects passed dioxin chemical guidelines for ALL material tested:

 Puget Sound:  

Bellingham Cold Storage

Mukilteo Multimodal, WSDOT‐WSF

Port of Tacoma Pier 4 Phase 2

Port of Seattle, Terminal 18 (anti‐degradation evaluation)

 Columbia River:  

Weyerhaeuser Longview (1/9 DMMUs tested)

1 project was tested for dioxin in support of a special study:

 USACE/Port of Seattle, Seattle Harbor
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Biological Testing DY16

Three projects had bioassay testing:

Port of Everett Pacific Terminal (former Mill A)

• Bioassays for 6 DMMUs with highest wood content

• 1/11 DMMUs failed (larval test hit; 1‐hit failure)

Mukilteo Multimodal, WSDOT‐WSF

• Passed bioassay testing

Seattle Harbor, USACE/Port of Seattle

• Special Study

DY 16 Suitability of Volume Tested

suitable

unsuitable

4.2% unsuitable

47,063

1,066,634

Projects with Unsuitable Dredged Material

PROJECT SUITABLE (CY)  UNSUITABLE (CY)  REASON

Port of Everett Pacific 
Terminal

17,210 20,110 
Dioxin; MTCA cPAHs and 

total PCBs

Georgia‐Pacific 
Gypsum

8,550 16,900
Dioxin, 

hexachlorobutadiene

Targa Sound Terminal 0 7,500
Dioxin, phthalates, PCBs, 
hexachlorobenzene, total 

chlordane

Suitable/Unsuitable:  8 year Comparison
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DMMP Testing History
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Antidegradation Testing

PROJECT OUTCOME

Port of Everett Pacific Terminal
Pass (with DMMU 
volume revisions)

Targa Sound Terminal Pass

Weyerhaeuser Longview Pass

Northwest Alloys Pass

Bellingham Cold Storage Pass

Port of Seattle Terminal 18 Pass
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Projects ongoing in DY16

PROJECT

Dunlap Towing

Entiat Marina, Columbia River

Port of Everett Marina

Sandy Point Harbor

Sandy Hook Yacht Club Marina

Point Hudson Marina

Cozy Cove

Squalicum Creek Waterway

Westport Marina

2015 USER Manual

• Corrections

• SMARM updates

• living document – updated 
annually

• e‐mail to 
DMMOteam@usace.army.mil with 
questions, clarifications, comments

DMMO website

 All DMMP evaluation documents

 Guidelines, User Manual, Dioxin info…

Website URL:

 http://www.nws.usace.army.mil

Search for:  Dredged Material Management

Questions ?



 

 Disposal Site Management and Monitoring, A/K Trawl Study Results, and 
ESA Consultation 

 

Celia Barton, DNR 
David Fox, USACE 

Summary 

While the combined Federal and State volumes for Puget Sound disposal sites in DY 2015 showed a 
decrease from the previous year, the DY 2016 data shows a marked increase in disposal volumes.  
This trend is expected to continue for DY 2017.  To keep these disposal sites operational, DNR has a 
proprietary role in the management of the disposal sites.  DNR is tasked to: maintain shoreline 
permits, manage disposal site use authorizations, manage the dredge account, and maintain the 
DNR environmental monitoring contract for the chemical and biological monitoring of the disposal 
sites. All sites require shoreline permits which are highly variable on term, costs, and conditions 
required. The DNR Site Use Authorization allows use of the disposal site and identifies disposal fee 
rate, volume expected and has a damages clause for violations. DNR also keeps disposal logs 
provided by the proponent and verifies on-site disposal records with U.S. Coast Guard (USCG) Vessel 
Traffic Service (VTS) logs. The DNR environmental monitoring contract has been awarded since the 
last SMARM to NewFields Companies, LLC. 

A brief summary of the 2014-2015 Anderson-Ketron trawl study was provided.  The site is currently 
closed until a new shoreline permit can be acquired; obstacles currently exist that prevent 
acquisition of a new permit.  The disposal site is within the boundaries of the Nisqually Reach 
Aquatic Reserve, established in 2011.  Local citizens have expressed concerns about continued use 
of the site.  To address these concerns and support the shoreline permit application, data-collection 
and modeling efforts were performed.  These included a multi-beam bathymetric survey of the site 
and site vicinity, a fate and transport modeling exercise, and a benthic trawl study.  The trawl study 
was undertaken to 1) assess changes to the benthic community since the time of the siting study in 
1987; 2) to compare on-site biological resources to those off-site; and 3) evaluate the commercial 
viability of on-site resources.   

The study concluded that due to the scarcity of Dungeness and red rock crab on the disposal site, 
and the fact that the smaller graceful rock crab has no commercial potential, the site is still viable for 
disposal.  The site is also still viable for disposal with regard to Pandalid shrimp.  There were few of 
the larger recreationally-harvested Pandalid species on-site.  Pink shrimp – while more plentiful on-
site than in 1987 – are not recreationally harvested and do not occur at densities large enough to 
support a commercial fishery.  Sea cucumbers were scarce on-site – as they were in 1987 – and do 
not present any commercial potential.  Therefore, the site is still suitable for disposal with regard to 
sea cucumbers. 

USACE recently completed ESA consultation for the continued use of the multiuser dredged material 
disposal sites in Puget Sound and Grays Harbor.  Concurrence on USACE’s biological evaluation was 
received from U.S Fish and Wildlife Service (USFWS) on bull trout and marbled murrelet.  The 
National Marine Fisheries Service (NMFS) concurred on all listed species under their jurisdiction 
except rockfish, for which a biological opinion was prepared.  Terms and conditions of the biological 
opinion include an assessment of the adequacy of the take statement by USACE after four years and 
a decision by NMFS by the end of year 5 to either grant continued coverage or require re-initiation of 
consultation.  If the take statement continues to be adequate and there are no other changed 
conditions, re-initiation might not be necessary until 2040. 



 

The USACE response to essential fish habitat recommendations for rockfish include limited funding 
of genetic identification of rockfish larvae; analysis of PBDEs at non-dispersive sites and federal 
projects in urban areas; development of PBDE guidelines if warranted; continued assessment of 
scientific research on bioaccumulatives; and potential adoption of a screening level for PAHs for the 
protection of fish. 

Discussion 

Q: Teresa Michelsen (Farallon Consulting) - Do you have any idea of the endpoints that would be 
used to develop guidelines for PBDEs?  

A: Dave Fox – Developing guidelines for PBDEs is a recommendation from NMFS.  The DMMP still 
needs to determine if there’s a sufficient basis in the scientific literature for setting sediment 
guidelines for this class of chemicals. 

Q: Kathy Godfredsen (Windward) – Where are we at on developing new sediment guidelines for 
PAHs? 

A: More information on our progress with PAHs is included in Laura Inouye’s presentation later today.  

Q: Chance Asher (ECY) – Can you speculate on why some species [of rockfish] are scarce at the 
disposal site? 

A: Dave Fox (USACE) – There is little to no rockfish habitat at the nondispersive sites. The NMFS 
biological opinion was not for adults – but for rockfish larvae.   Their focus was on the potential for 
disposal physically entraining the pelagic larvae. NMFS was also concerned about bioaccumulation 
associated with dredged material and the potential for chemical desorption into the water column 
during disposal. 
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Disposal Site 
Management and 
Monitoring
SMARM 
MAY  4,  2016

CELIA  BARTON,  WADNR
DAVID  FOX,  USACE
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What does it take to keep these sites 
Available for use?

Department of Natural Resources’ proprietary role:
◦Maintain shoreline permits

◦Manage disposal site use authorizations

◦Manage dredge account

◦Maintain DNR environmental monitoring contract

◦Conduct chemical and biological monitoring of non‐
dispersive sites

All sites need  
shoreline 
permits

Some are combined by 
county

All Puget Sound sites 
are individual
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Maintain Shoreline Permits
DNR maintains shoreline permits for all active sites
◦ Public outcry stopped permits and shut down disposals in mid‐1980’s

Shoreline permitting starts with the Shoreline Management Program
◦ Review, comment, take action as needed to maintain “allowed use” 
status of the disposal sites

Is lead agency for compliance with State Environmental Policy Act 
(SEPA) for each site

Maintain Shoreline Permits (continued)
Applies for new shoreline permits with enough lead time to maintain 
use of site
◦Works with Jurisdiction for longest term possible (highly variable)

Manage all sites and ensure compliance with site use requirements 
of each individual shoreline permit
◦ Ensure proponent’s regulatory permits for dredging and disposal are 
in place

◦ Consideration of beneficial use alternative for each project

◦Other conditions in shoreline permit (highly variable)

Shoreline Permit Status
Disposal Site Jurisdiction Expiration Date Term Permit Fee

Anderson / Ketron Pierce County September 10, 2014
Application pending study results & 

SMP modification
Expect $5,300 

Port Gardner City of Everett December 15, 2019
5 year extension granted June 2009. 
2nd 5‐year extension granted May 

2015
$2,000 (1999)

Commencement Bay    Pierce County Sept 13, 2016 5 Years ‐ 1 year Extension granted
$2,205 (2009)    $1,200 fee for 2015 
Extension. New app fee $5,300 

(2016)

Willapa   Pacific County
Jan 31, 2016‐extended to 

Jan 31, 2017
5 year 1 year extension granted  $780 (2010)

Port Townsend    Clallam County
Feb 2, 2016‐extended to 

Feb 2017
5 year ‐1 year extension granted  $1125 (2010)

Port Angeles   City of Port Angeles May 24, 2016 5 year $750 (2010)

Grays Harbor  
Grays Harbor 

County
Dec 7, 2016 (1 x 5 yr ext

possible)
10 year (2 x 5 year ext) $200 (2001)

Elliott Bay City of Seattle May 2, 2021 10 year term $3,311 (2010)

Rosario Strait Skagit County Sept 26, 2021 10 year term $2,400 (2010)

Bellingham Bay Whatcom County expired

Manage Disposal Site Use Authorizations

Site Use Authorization (SUA) 

Is a short term agreement to use the disposal site

◦ Identifies disposal site, term, disposal volume

◦Needs to be amended if terms change

◦Ensures consideration of beneficial use

◦Has damages clause for compliance violations

Site Use Authorizations (continued)

Disposal fee appropriate for the disposal site location
◦Collects disposal fees

Keeps record of each disposal event
◦Confirms on‐site disposal, along with USGC VTS log

◦Disposal volume usually determined by post dredge survey

Manage Dredged Material Disposal Site 
Account

Ensure disposal fees are placed in Dredged Material Disposal 
Site Account
◦Used for environmental monitoring and management of disposal 
sites
◦DNR may petition State Legislature to increase disposal fees if 
inadequate to cover site management costs
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Maintain DNR Environmental Monitoring 
Contract

In effect at all times in case of emergency monitoring need
◦ Lengthy public bidding process (2015 NewFields Inc)

Routine site monitoring usually based on volume
◦ Shared responsibility with USACE

◦DNR tasked with chemical and biological monitoring

◦USACE has physical monitoring and special projects essential for the 
Program

More with Dave Fox presentation next

2014‐2015 Anderson‐Ketron Trawl Study

About the A/K Site

A Pierce County shoreline permit is 
required to maintain the use of the 

A/K site

Site is currently closed and not 
accepting dredged material due to 

expiration of permit

Why is the Site Closed?

Nisqually Reach Aquatic Reserve 
established in 2011

A/K disposal site is within
boundaries of reserve

Local citizens expressed concerns 
about continued use of disposal site

Data needed to address these concerns and 
support shoreline permit application

Data Collection and Modeling

Multibeam bathymetric survey
of site and site vicinity

Fate and transport modeling

Trawl study to assess changes to 
benthic community since 1987 

Trawl Study Objectives

Replicate 1987 beam‐trawl study

Compare results to 1987 results

Compare on‐site stations to
off‐site stations

Compare results to commercially‐
viable thresholds
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Trawl Stations

 30 stations 
from 1987

 8 additional
on‐site stations

Trawl Study Findings

Dungeness Crab

Entire study area:  2x more 
crab than in 1987

But scarce within disposal 
site boundary in both 

studies

Dungeness Crab Distribution – 2014/15

“Rock Crab” (Cancer productus and C. gracilis)

Much more abundant
in 2015 than 1987

Graceful crab (C. gracilis) 
widespread and abundant

Red rock crab (C. productus) less 
common than smaller graceful 

crab; scarce on site

Pandalid Shrimp

Much more abundant
in 2015 than 1987

Spot shrimp scarce on site

Primarily pink shrimp on site
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Pandalid Shrimp Distribution –May 2015

only pink shrimp on‐site

Conclusions
 Scarce on site

 No commercial potential on site

 Site still suitable for disposal

Dungeness 
Crab

 Red rock crab scarce; graceful crab more abundant

 No commercial potential on site for either species

 Site still suitable for disposal
“Rock Crab”

 Few large Pandalids on site; pink shrimp more plentiful

 No commercial potential on site for any of the Pandalids

 Site still suitable for disposal

Pandalid
Shrimp

 Scarce on site

 No commercial potential on site

 Site still suitable for disposal

Sea 
Cucumber

ESA Consultation:  Continued Use of Multiuser Dredged 
Material Disposal Sites in Puget Sound and Grays Harbor Scope of ESA Consultation

 Includes the 5 non‐dispersive and 3 dispersive sites in Puget Sound, 
and 2 dispersive sites in Grays Harbor

 25‐year provisional coverage (2015‐2040)

 Transport and disposal of dredged material

 Dredged material evaluation procedures

 Disposal site monitoring

 17 listed species or DPS/ESUs

Concurrence on Biological Evaluation

 USFWS:
 Bull trout and critical habitat

 Marbled murrelet

 NMFS
 Salmonids

 Green sturgeon

 Eulachon

 Southern resident killer whales

 Humpback whales

 leatherback sea turtles

NMFS Biological Opinion – Rockfish

Species Effect Determination Jeopardy Opinion Critical Habitat

Bocaccio Likely to adversely affect Not likely to jeopardize
Not likely to destroy or 

adversely modify

Canary Rockfish  Likely to adversely affect Not likely to jeopardize
Not likely to destroy or 

adversely modify

Yelloweye 
Rockfish 

Likely to adversely affect Not likely to jeopardize
Not likely to destroy or 

adversely modify
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Terms and Conditions

 Biennial reporting

 At the end of 4 years: USACE assessment of the adequacy of the 
take statement for continued coverage

 By the end of year 5:  decision by NMFS to either grant continued 
coverage or require reinitiation of consultation

 Provisional coverage until 2040

USACE Statutory Response to Essential Fish Habitat 
Recommendations for Rockfish

 Fund limited genetic identification of rockfish larvae

 Analyze PBDEs at non‐dispersive sites and federal projects in urban areas

 Develop guidelines for PBDEs if warranted

 Continue to assess scientific research on bioaccumulatives

 Continue working with NMFS on technical basis of PAH proposal; 
consider adoption of PAH screening level

 Work dependent on the availability of funds and staffing

Questions?



 

 Public Issue Paper: Bulk sediment TBT trigger – Basis? 
 

Susie McGroddy, Windward Environmental 

Summary 

Susie McGroddy provided a brief history of the current DMMP tributyl tin (TBT) screening levels and 
their basis. The current sediment screening level (SL) of 73 ug/kg was proposed as an interim SL in 
1989. The first step to generating the 1989 value started with a review of TBT data from four non-
urban areas, urban bays, and baseline studies of disposal sites in Washington State.  Observed 
concentrations ranged as high as 976 ug/kg TBT.  Best professional judgment (BPJ) was then 
employed to select a range of concentrations (73 – 244 ug/kg as TBT) at which biological testing 
should occur. The low end value (73 ug/kg) was comparable to EPA’s acute water quality advisory 
value (98 ug/kg) at that time. 

In 1996, the current porewater SL and bioaccumulation trigger (BT) of 0.15 ug/L was established 
using the 1989 interim SL and the equilibrium partitioning model. 

The presentation concluded that there is no technical basis for the current porewater TBT SL or BT. 
Due to the lack of marine SMS criteria, the use of the DMMP TBT values as screening levels has 
continued. Furthermore, DMMP TBT values have been used inappropriately to set remedial action 
levels at a variety of sediment sites. 

Continued practice of allowing porewater TBT evaluations to trump bulk sediment evaluation was 
recommended. Furthermore, the presentation recommended the collaborative identification of a 
technically sound approach to developing defensible TBT values. 

Discussion 

Q:    Teresa Michelsen (Farallon Consulting) – I recall that one element of the development of the 
pore water TBT guidelines involved conducting a screening sensitivity distribution with the literature 
toxicity data that was available at that time (approx. 20 years ago).  With the data that we had at the 
time, it wasn’t just that it was below effects levels for 2/3 of the species, we actually looked at the 
specific species that it was still above to see if they were present in Elliott Bay. The conclusion was 
that sensitive species in Elliott Bay would be protected with the 0.15 ug/L guidelines. At that time, 
the focus wasn’t on tissue because it looked like TBT didn’t accumulate in tissues (bioconcentrate). 
So they stopped at the lower benthos level (although Jim Meador of NOAA did help to develop tissue 
triggers for the West Waterway Superfund site). 
 
A: Suzie McGroddy: We are not trying to cast aspersions on work done to develop earlier TBT 
guidance.  It was good work with what info was available at the time.  I agree with the DMMP’s 
position that porewater should trump bulk TBT.  Clearly, a lack of bioconcentration was the reason 
for earlier guidance not including other trophic levels. But where people have derived actual tissue-
based effect sediment values for benthic organisms, they have been higher than 73 ppb.  
 
Q – Jim Thornton (ENE) – If we are going to start making regulatory decisions based on porewater, 
then we’re talking about water quality versus sediments. To regulate them, how do we differentiate 
between these two programs?  You appear to be mixing 2 programs if you are going to make 
decisions based on porewater which has been a long standing dispute. 
 
A: Looking at TBT in pore water evolved out of the special and unique chemical nature of TBT.  There 
are no consistent relationships between bulk TBT in sediment and tissue TBT.  So people moved to 



 

measuring TBT in porewater in order to get at what they believed was a more bioavailable fraction 
that would be related to tissue. There is data now which we can use to determine if that’s really true.  
But this data shows no clear relationship between porewater and tissue. The data set is noisy for a 
variety of reasons.  So what we hoped for didn’t happen. This underscores the need to re-examine 
the whole question. 

Q: Webinar comments submitted by Tom Gries, Ecology:   

• Should note that MOST dredge jurisdictions, to my knowledge - although that may be a bit 
dated now - do not even consider TBT in standard suite of COCs.
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Bulk Sediment TBT 
Bioaccumulation Trigger – Basis?

Susie McGroddy and Kathy Godtfredsen

Windward Environmental 

Brief History of TBT values

• The value of 73 µg/kg was proposed as an interim 
screening level (SL) in 1989.

• In 1996, the porewater SL of 0.15 µg/L was 
developed based on the 1989 interim SL.

• A 2015 SMARM presentation detailed the 
uncertainties and difficulties associated with 
porewater evaluation and suggested a greater 
reliance on the evaluation of bulk sediment 
tributyltin (TBT) concentrations.

What was the basis of the 1989 
interim TBT SL value?

Step 1 – 1989 Data Review

• TBT in four non‐urban bays ranged from 
0 to 37 µg/kg dry weight (dw) as tin (0 to 90.3 µg/kg  
as TBT).

• Concentrations in urban bays and PSDDA baseline 
studies of disposal sites ranged from 
1 to 400 µg/kg dw as tin (2.44 to 976 µg/kg as TBT).

Step 2 – BPJ Regarding Testing

• “Professional judgment calls for initiating biological 
testing generally occur between 30 µg/kg and 
100 µg/kg (Sandy Lemlich, San Francisco District, 
Corps, personal communication)” (From EPA 1996, 
Appendix D).

Note: 30 ‐ 100 µg/kg as tin is equivalent to 
73 ‐ 244 µg/kg as TBT.

Step 3 – Link to Water Quality

• An equilibrium partitioning evaluation indicated that 
bulk sediment concentrations of TBT less than 
40 µg/kg (TBT as tin) (equivalent to 98 µg/kg as TBT) 
were required to meet a dissolved concentration of 
0.531 µg/L, which was the acute EPA water quality 
advisory value at that time.
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Porewater Bioaccumulation Trigger 

• In 1996, the porewater TBT SL and bioaccumulation 
trigger was established as 0.15 µg/L.

• The value of 0.15 µg/L was calculated using the 
interim sediment SL from 1989 (73 µg/kg as TBT), 
a Koc value of 25,000 from Meador et al. (1997), and 
an assumed TOC of 2% (Michelsen et al. 1996).

• The porewater value was evaluated relative to the 
available aqueous toxicity values and was less than 
2/3 of the available chronic effects level values. 

Bottom Line

• There is no technical basis for the bioaccumulation 
trigger values for TBT.

• Because there are no marine SMS criteria for TBT, the 
DMMP TBT values have been used as screening 
values.

• The DMMP TBT values have even inappropriately 
been used to set remedial action levels at a variety of 
sediment sites.

Path Forward

• When both porewater and sediment TBT data are 
available, the porewater evaluation will trump the 
bulk sediment evaluation.

• We recommend working together to identify a 
technically sound approach to develop TBT values for 
porewater and sediment.
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 Mukilteo Multimodal: Dredging of Site with Extensive Debris 
 

Marsha Tolon, WSDOT Environmental Lead 

Summary 

The Washington State Department of Transportation (WSDOT) Ferries Division (WSF) project to 
relocate the Mukilteo Ferry Terminal east of the existing terminal, began in summer 2015 with the 
demolition of a former military explosives terminal pier, known as the Mukilteo Tank Farm Pier, and 
dredging of the new navigation channel.  The work spanned 8 months ending in February 2016, and 
the channel dredging took approximately 5 weeks. Built on the former Mukilteo Mill site, the facility 
functioned from 1940 to 1989 and the potential for contaminated sediments below the pier was 
great.  However, the DMMP Sediment Characterization Report demonstrated suitability of the 
material for open-water disposal. The final Suitability Determination allowed disposal at the Port 
Gardner non-dispersive VTS open-water disposal site.   

A 24-inch by 24-inch metal screen, known as a grizzly, was built to separate dredged material from 
larger debris that fell from the pier during demolition or by deterioration over the years.  As each 
134-cubic-yard cell of the five-celled sediment barge, known as the Mud Pup, was filled, larger debris 
was removed from the grizzly surface and placed in a separate debris barge.  The Mud Pup 
transported and disposed of dredged sediments, and returned to the project site within an 
approximately 60-minute cycle.  At completion, the project removed 7,000 tons of creosote-treated 
material, including 3,515 piles, and disposed of 19,301 cubic yards of dredge spoils, 12,000 feet of 
fuel lines, 800 40-gallon bags of metal debris, and several tons of organic matter. 

Questions 

Q: Linda Anderson-Carnahan (EPA): Will the project result in shoreline restoration consistent with the 
Puget Sound Action Agenda goal?. 

A: This work represents the first stage of the project.  The next part of the work we will be doing in 
2017 (the terminal will be opening in 2019).  During the second phase of the work is when we finish 
restoration.  We’ll be taking out a bulkhead wall that is there, and the rip rap in front of it, and 
building a new retaining wall for the trestle, building the trestle and then replacing the rip rap back 
along the wall.  And there will be some slope stabilization underwater because it’s quite liquefiable, 
to make sure the piling stay in place in the event of a seismic event.   

Q: Dave Fox – What was your experience using the grid for dredging? 

A: Initially, there was some moaning from the contractor because of the time it took.  But it actually 
went quite smoothly for them.  I don’t know where they usually work but using the grid seemed to 
work well in terms of sifting out the material so that it was really just sediment below.  I understand 
that the new regulations will go to a smaller grid size but you saw the kind of material that was 
brought up.  Conceivably, bits and chunks from broken piles and “barkies” could be retained by the 
smaller grid.  

Q: Jim Thornton (Ecology & Environment) – Were terminal sediments tested prior to pulling piles and 
found suitable? 

A: Yes, all sediments were tested and found suitable for open-water disposal.  Victoria England can 
answer any detailed questions you might have about the test results. 
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Dredging of Site with Extensive Debris

2016 
Sediment Management 
Annual Review Meeting

May 4, 2016

Marsha Tolon
Mega Project Environmental Office

Environmental Lead

Topics

• Project description and work phases 

• Former Tank Farm pier demolition

• Navigation channel dredging 

• Questions 

Project Location Project Description
Relocate the Mukilteo Ferry 
Terminal
• 1/3 mile east of the existing 

terminal to the tank farm 
site

• Build a new terminal facility 
and transit center

• Remove the tank farm pier 
and dredge a navigation 
channel 

Design Progress – 60 Percent Complete Tank Farm Property

1946 view of the MELT 
(Military Explosive Terminal)

2006 view of the Tank Farm Pier
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Pier Removal and Dredge Area Dredge Plan

Post‐Dredge Area ‐ January 2016 Post‐Dredge Area – January 2016

Sidescan Sonar
Jan. 2016

Port Gardner Non‐Dispersive Site

Approx. 60 minute cycle for each barge 
disposal run between the project site 
and disposal site. 

Mud Pup and Grizzly
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Mud Pup and Grizzly

24-in. by 24-in. screen before and after use

Debris Barge and Mud Pup

Mud Pup with grizzly

Debris Barge

Tank Farm Pier Removal
Pier removal took approx. 8 
months.  Dredging took 
approx. 5 weeks, from Nov. 
17, 2015 to Jan.  4, 2016.

Work started July 31, 2015

Work ended February 29, 2016

Questions? 
For more information, visit: 

www.wsdot.wa.gov/projects/ferries/mukilte
oterminal/multimodal/



 

 Applying 2013 SMS Rule to the DMMP: PAHs as an Example 
 

Laura Inouye, Ecology 

Summary 

Laura Inouye presented for the DMMP agencies an explanation of how the 2013 revisions to the 
SMS relate to dredging and open-water disposal, including the issues and areas of potential 
flexibility.  PAHs were used as a case study.  The presentation is not an issue, clarification or status 
paper, nor is it a proposal for guideline revisions or a potential path forward for bioaccumulatives in 
general.  The two-tiered SMS framework was presented, followed by a discussion of how disposal 
site management, anti-degradation at the dredge project location, and sediment suitability 
determinations fit in.  A discussion of why the status quo, in particular for bioaccumulative chemicals 
of concern, needs to be changed followed.  The Port Gamble project was used as an example of why 
applicants are concerned with potential approaches, especially for PAHs, based on decisions made 
for the cleanup project.  Potential flexibility for PAHs was discussed in detail, with examples of how 
DMMP could have used less restrictive guidelines if more time was available, and where DMMP 
flexibility would be limited.  The case study also was a good example of why bioaccumulatives must 
be dealt with on a chemical-specific basis. 

 

Questions 

Q: Kathy Godfredsen (Windward) – Guidelines related to fish are often different than those based on 
benthos.  Benthic guidelines are usually evaluated on a point-by-point basis.  Fish move around, 
however.  Is that difference being considered in your deliberations about revising PAH guidelines? 
Will the proposed guidelines and their rationale be put out for comment? 

A: With regard to fish movement – Yes, this will be taken into consideration, to a certain extent. The 
screening level is the goal for the disposal site.  There may be project flexibility for certain COCs 
based on volume weighting or sequencing.  With regard to putting out draft guidelines for public 
comment – Yes, these will be vetted and hopefully before Lyndal Johnson (NOAA) retires.  Only 
defensible levels will be presented for review.  We are also still looking into a test-out based on 
bioavailability. 

Q: Clay Patmont (Anchor) – This seems like a simple problem to solve.  Port Gamble is a good 
example because the site clean-up value was applied as a harbor-wide average and required a 
bunch of separate clean-ups to achieve that. If a project is in an area that doesn’t exceed the 
guidelines on a site-wide basis, the sediments should be ok for open-water disposal.  The problem 
with Port Gamble was that the DMMP was applying the cleanup value on a DMMU-by-DMMU basis 
(each individual DMMU had to meet the regional background standard).  The solution for 
bioaccumulatives is to adopt a consistent area-averaging approach (like earlier bioaccumulation 
guidelines which assumed a specific exposure for sole or crab by using an assumed home range). 
Criteria should not be applied on an individual DMMU basis.  Use of a consistent approach for area 
averaging around disposal sites would be an elegant and simple alignment with SMS and be a new 
form of regulatory beauty.   
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Applying 2013 SMS Rule to the 
DMMP:  

PAHs as an example

Laura Inouye – Ecology
For the DMMP Agencies

Introduction

How does the 2013 sediment rule affect 
DMMP decisions?

DMMP SMS 2013 
Rule?

What this presentation IS:

 Explanation of the 2013 revisions to 
SMS relating to dredging and open 
water disposal

 Discussion of issues and potential 
points of flexibility

 Case study involving PAHs at Port 
Gamble

What this presentation is NOT:

 Issue, Clarification or Status 
Paper

 Proposal to revise DMMP 
guidelines

 Blueprint for path forward on 
bioaccumulatives

Risk based 
value

Sediment	
Cleanup	
Objective
Highest	of:

Regional 
Background

PQL

Risk based 
value

Natural 
Background

PQL

Sediment 
Cleanup 

Level

Cleanup	
Screening	Level

Highest	of:

• SCO is goal for ALL sediments 
(including disposal sites)

• Above CSL may trigger cleanup.

• Need clarity on how DMMP 
guidelines, disposal site 
management objectives, and 
project evaluations 
(antidegradation) fits.

• Current DMMP guidelines based 
on benthic risk, with the exception 
of a few bioaccumulatives 
(notably TBT, PCBs, dioxins)

The 2013 SMS Rule 
Two Tiered Framework

6

Risk based value
Lowest of

Sediment	
Cleanup	
Objective
Highest	of:

Regional 
Background

PQL

Risk based value
Lowest of

Natural 
Background

PQL

Sediment 
Cleanup 

Level

Cleanup	
Screening	Level

Highest	of:

The SMS Two Tiered Framework

6

Benthic CSL

Human Health 10-5

HQ 1

Higher trophic 
levels

ARARs

Site‐specific

Site‐specific

Site‐specific

Site‐specific

Benthic	CSL

Benthic	SCOBenthic SCO

Higher trophic 
levels

ARARs

Human Health 10-6

HQ 1
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Where do DMMP actions fit in?
1.Disposal sites management objectives 

• Non-dispersive= Site Condition II
• Dispersive= Site Condition 1 (~SCO)

2. Antidegradation at the dredge project location
• Must be below CSL
• Between SCO and CSL may require 

management
3. Sediment suitability determinations, what applies?

• Disposal sites (dispersive or non-dispersive)
• Beneficial re-use (in-water, nearshore, upland)

WHY does DMMP need to change 
the status quo?

1.Disposal site ESA evaluations
• Need NOAA/USFWS approval for site authorization
• Development of fish screening levels

2.Shoreline permitting
• Need public approval for permit support

3.Potential greater flexibility in areas with elevated 
regional background

Non‐Dispersive Disposal Sites and 
the 2013 Rule

Currently all sites are below the CSL, and generally 
meet the SCO using existing guidance.

Non‐Dispersive Disposal Sites and 
the 2013 Rule

So why do we need to change?
Because monitoring is not done annually, really do not 
know if the SCO is being met at sites at all times.
• Large volumes of clean material may influence site 

conditions (based on infrequent monitoring).
• We cannot assume clean material will always be available 

(beneficial reuse increasing).
• If site is above standards, may be difficult to resolve after 

the fact. 

Non‐Dispersive Disposal Sites and 
the 2013 Rule

• Need a mechanism for disposal sites to be in 
compliance with the SMS rule. 

• 2013 SMS rule more protective than Site 
Condition II goal.

• As discussed this AM, need to identify where 
the flexibility exists in the SMS rule for 
disposal sites to potentially (and temporarily) 
be above the SCO.

Dispersive Disposal Sites and the 
2013 Rule

No implications for dispersive sites:
• Material going to dispersive must meet SCO
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Sediment 
Cleanup 
Objective

Dredge Project Site and the Rule

The sediments exposed by 
dredging/new surface material 
must pass antidegradation

Existing antidegradation 
approach applies, with no 
post-dredge management of 
surface if:

• Sediments are at/below 
SCO, or

• Sediments are cleaner 
than existing surface 
AND below CSL

Project 
location may 

require 
management

project location would 
require management 

after dredging

Cleanup
Screening 

Level

Suitable without 
restrictions

Before moving to PAHs,
QUESTIONS???

PAHs

1.Originally a clarification paper on PAHs was going 
to be presented

2.Due to complex issues discussed in previous slides, 
the paper was not completed.

3.A good example of how DMMP hopes to move 
forward with increased flexibility, yet remain 
protective

Port Gamble: a PAH example

The Port Gamble cleanup sediments exceeded site-
specific risk for cPAHs, but below the benthic risk 
value for Total PAHs.

• Total PAHs are sum of 17 aromatic hydrocarbons

• cPAHs are a subset of 7 PAHs that are known or 
probable human carcinogens.  These include 
benzo(a)pyrene (BaP), benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 
dibenz(a,h)anthracene, and indeno(1,2,3-c,d)pyrene).

Port Gamble: a PAH example

To expedite review, DMMP assumed disposal site 
risk-based values would be below background, and 
used the recent Port Gardner regional background to 
determine project suitability.

• Generated concerns among applicants that 
DMMP was moving towards evaluating cPAHs 
for all projects using the Port Gardner regional 
background value.

PAHs

Could DMMP have more flexibility with PAHs? 

Yes… and no.



4

Potential Flexibility for cPAHs? 
Yes!

Low potential for human exposure to cPAHs at 
disposal sites:
• PAHs rapidly metabolized in many mobile 

species (including fish and crab), which 
drastically reduces bioaccumulation

• PAHs can accumulate in clams but disposal 
site depth/location prevents human access

Potential Flexibility for Total PAHs? 

No –If based on risk to fish likely lower than 
current SL (benthic risk)

Yes –
In some areas regional background (at the 
CSL) MAY provide further flexibility. 

Again, need to identify where the flexibility exists 
in the SMS rule for disposal sites to potentially 
(and temporarily) be above the SCO.

Summary

1. Bioaccumulation is complicated, and very chemical specific. 

2. Determining site goals and guidelines that are consistent 
with 2013 SMS revisions is a priority for DMMP

3. Agencies still working on how best to allow flexibility at the 
disposal sites while still remaining protective of 
environmental and human health.

QUESTIONS???

Auxilary slides PAHs as a Complex Example

(Likely driver)

(may not be 
applicable at 
dispersive disposal 
sites)



 

 Proposed Clarification: Updated Dioxin Testing Requirements for 
Dispersive Disposal Sites in Puget Sound 

 

Kelsey van der Elst, USACE 

Summary 

Kelsey van der Elst presented a proposed clarification to the dioxin testing requirements for projects 
proposing dispersive disposal in Puget Sound.  The original dioxin guidelines from 2010 included a 
provision for expanded dioxin testing for projects proposing dispersive disposal regardless of the 
reason-to-believe that dioxin might be present in the project sediments.  In response to concerns 
expressed by the Lower Elwha S’Klallam Tribe during development of the dioxin guidelines, the 
DMMP agencies agreed to conduct a sediment fate and transport study at the dispersive sites.   

The dispersive site fate and transport study was conducted by USACE and DNR in 2011-2012, with 
results presented at the 2012 SMARM.  Kelsey van der Elst provided a brief summary of the study, 
which concluded that no modeled sediment parcels reached any of the identified shellfish habitat 
areas at any of the disposal sites after a 72-hour simulation period.   

The DMMP agencies compiled dioxin testing data collected from projects proposing dispersive 
disposal over the last 7 years in order to evaluate the reason-to-believe guidelines.  Out of ten 
projects with proposed dispersive disposal that have conducted dioxin testing, five did not have a 
reason-to-believe that dioxin might be present in the project sediments.  Yet, due to the expanded 
dioxin testing requirement, dioxin testing was conducted for these five projects.  The average dioxin 
concentration for these five projects was 0.33 pptr TEQ, and all dioxin concentrations were well 
below the site management objective of 4 pptr TEQ.   

Therefore, based on the results of the above analysis, the DMMP agencies have determined that the 
expanded dioxin testing requirement for dispersive disposal sites should be dropped.  The dioxin 
testing requirement for all projects, regardless of disposal site, will be determined based on an 
analysis of the reason-to-believe guidelines. 

Discussion 

Q: Kathy Kreps (Test America) – The Rosario dispersion model runs stopped at 72 hours post 
disposal yet 41% of disposed sediment is still in the water column.  With such a large percentage of 
remaining sediments in the water, how can you assume that it didn’t get into shellfish beds? 
  
A: The modeling report includes details not presented in this talk.  The modeling report gives the 
depths of the particle parcels for each time period.  The results for the 72-hour run showed that the 
remaining particles were deep enough in the water column that they would not be likely to reach 
areas with shellfish habitat.  
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Proposed Clarification:
Updated Dioxin Testing Requirements for 
Dispersive Disposal Sites in Puget Sound

Kelsey  van  der  Elst ,  USACE

Dave  Fox,  USACE

1

Scope

Included

•Need for dioxin 
testing for projects 
proposing dispersive 
disposal

Not Included

•Non‐Dispersive

•No change to Site 
Management 
Objectives 

•4 pptr TEQ

2

Introduction
2010 Dioxin Guidelines:

Dioxin analysis required on a case‐by‐case basis

Factors that establish a reason to believe:
◦ Location within an urban bay and having no historical information showing that dioxin is below 
guidelines

◦ Proximity to current or historical point sources, such as outfalls

◦ Proximity to chlor‐oxide bleach process pulp mills, chlor‐alkali and chlorinated solvent manufacturing 
plants, former wood treatment sites, phenoxy herbicide manufacture and/or use and handling areas

◦ Proximity to areas with high polychlorinated biphenyl (PCB) concentrations

◦ Proximity to former hog fuel burners/boilers and areas with previous fires or incineration sources

◦ Proximity to areas previously sampled that showed elevated levels of dioxins

3

Dispersive Disposal Sites

4

2010 Dispersive Dioxin Guidelines

“…in order to address uncertainties regarding the fate of sediments disposed at 
dispersive sites, the DMMP agencies may require dioxin testing for projects 
proposing disposal at dispersive sites. Specifically, for those projects for which 
dioxin testing would not normally be required under the reason‐to‐believe 
guidelines, the DMMP agencies may require dioxin analysis of a reduced number 
of sediment samples. The decision to conduct this testing will be based on the 
size of the project and the grain‐size characteristics of the dredged material. 

DMMP agencies are planning to conduct a fate and transport study for disposal 
operations at the Port Townsend and Rosario Strait disposal sites. Depending on 
the outcome of this study, the expanded dioxin testing requirement may be 
retained or dropped.” 

5

Problem Identification

A dispersive site fate and 
transport study was conducted 
by USACE and presented at the 
2012 SMARM

DMMP has continued to require 
dioxin testing of projects 
proposing dispersive disposal 
regardless of reason‐to‐believe

Data collected from these 
projects can be used to validate 
the reason‐to believe guidelines 
for dispersive disposal sites

Time to re‐evaluate the need for 
expanded dioxin testing at 
dispersive disposal sites

6
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Technical Evaluation: 
Dispersive Site Fate and Transport Study
Study Goal: Determine if hydrodynamic conditions indicate the potential for dredged material to be 
transported in the vicinity of critical shellfish habitat areas near dispersive disposal sites

Study Steps:
◦ USACE developed a 2‐D depth‐integrated hydrodynamic model of Puget Sound (CMS‐FLOW)
◦ DNR funded a field survey (August 2011) of tidal currents in the vicinity of the dispersive disposal sites
◦ USACE calibrated and validated the hydrodynamic model using the field‐collected current data.
◦ The calibrated hydrodynamic model was combined with a Lagrangian particle tracking model (PTM) to 
simulate the fate and transport of dredged material at the disposal sites
◦ 72 hour simulation period
◦ Grain size distribution based on sediments from previous disposal events at each site.  Two size 
classes: sand and fines

◦ Model run for Port Angeles, Port Townsend, and Rosario Strait sites

Report available on DMMO Website > Disposal Site Information

7

HF1

Port Angeles Results
Most dispersive of all sites
◦ East‐west trajectory concurrent with ebb and 
flood tides

After 72 hours:
◦ Fine grained sediment remained active up to 17 
km west of the disposal site

◦ No sediment parcels (sands or fines) entered 
identified shellfish areas. 

Legend Active               Inactive

Fines
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DFox2

Port Townsend Results

Bathymetric features limit dispersion of 
material to south and southeast – reduces 
sediment mobility after first 24 hours

After 72 hours:

◦ Fine grained parcels active up to 8 km west of 
disposal site

◦ No sediment parcels (sands or fines) entered 
identified shellfish areas. 

Legend Active               Inactive

Fines
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Rosario Strait Results

Highest current velocities. Lawson Reef 
captures majority of sand parcels (not shown).

◦ After 72 hours

◦ Fine‐grained parcels remain active up to 21.5 
km south

◦ Also enter Whidbey sub‐basin through 
Deception Pass and into Bellingham Bay 
through Bellingham Channel and Guemes
Channel

◦ No sediment parcels (sands or fines) entered 
identified shellfish areas. 

Legend Active               Inactive

Fines

10

DFox1

Fate and Transport Study Summary
Modeling Results
◦ No sediment parcels (sands or fines) entered identified shellfish areas after 72 hours at any of the 
dispersive disposal sites

Sediment Mobility
◦ Port Townsend

◦ After 24 hours less than 10% of fine sediment parcels remain in top 20 m of water column.  After 72 hours, less than 3% remain 
there.

◦ Port Angeles
◦ After 24 hours less than 10% of fine sediment parcels remain in top 20 m of water column.  After 72 hours, less than 3% remain 

there.

◦ Rosario Strait
◦ Approximately 41% of fine sediment parcels remained in the top 20 m after 24 hours, and remained suspended after 72 hours.

◦ Due to high fines content from Squalicum Waterway disposal event

◦ Wind‐generated currents primarily contained within top 1 meter surface layer.  More than 99% of all 
sediment parcels located below 1 m after 18 hours.  Low potential for on‐shore transport of dredged 
material.

11

Technical Evaluation: 
Dioxin Reason‐to‐Believe Factors

Since DY09, 10 projects with 
proposed dispersive disposal have 
conducted dioxin testing.

5 projects with NO reason‐to‐
believe

Average Dioxin = 0.33 pptr TEQ

Dioxin is not found at levels near 
site management objective in 
areas with no reason‐to‐believe.

Projects with proposed 

dispersive disposal since 

DY09

SDM1

year
Disposal site

Dredge year 

(DY) disposed

Dioxin            

reason‐to‐

believe

Dioxin 

results2 (pptr 

TEQ)

City of Anacortes, 

Skyline Marina 
2009 Rosario Strait DY11 and DY12 yes  2.5

USACE Swinomish 2009 Rosario Strait DY13 and DY15 no 0.16

Thatcher Bay 

Restoration
2009 Rosario Strait DY15 no 0.34

NPI outfall, Port Angeles 2010 Port Angeles not yet dredged  yes  0.1

USACE Keystone Harbor 2012 Port Angeles not yet dredged no 0.7

Cap Sante Boat Haven, 

Anacortes
2012

Rosario Strait or 

Port Gardner
not yet dredged yes 42.7

Bay Head Marina 2013 Rosario Strait not yet dredged no 0.09

Port of Anacortes, Pier 2 

and Curtis Wharf
2014

Rosario Strait or 

Port Gardner
not yet dredged yes 0.2

Silver King  LLC 2014 Port Townsend not yet dredged no 0.38

Shelter Bay 2015 Rosario Strait not yet dredged yes (due to fire) 1.6

12
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Evaluation Summary

Fate and Transport Study

• Concluded that dredged material does 
not reach known shellfish beds in the 
vicinity of the dispersive disposal sites.

Reason‐to‐Believe Validation

• Reason to believe factors are well 
designed and sufficient to determine 
the need for dioxin testing. 
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Proposed Clarification

Drop expanded dioxin testing 
requirement for dispersive 

disposal sites.

Going forward:

the need for dioxin testing for 
all projects in Puget Sound, 
regardless of disposal site, 
will be determined based on 
a case‐by‐case analysis of the 
reason‐to‐believe factors. 
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Questions?

COMMENTS  DUE  BY  JUNE  4TH

EMAIL  TO

DMMOTEAM@USACE.ARMY.MIL
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 Puget Sound Sediment Reference Material Update 
 

 

Kelsey van der Elst, USACE 

Summary 

Kelsey van der Elst provided a brief update on the use of the Puget Sound Sediment Reference 
Material (PS-SRM), a sediment reference material created by EPA to assist in the validation and 
verification of dioxin and chlorinated biphenyl congeners and PCB Aroclors.  During Dredge Year 
2016 10 bottles were requested for a total of 6 projects.  Kelsey also introduced the new EPA PS-
SRM data manager, Raymond Wu, and mentioned there is a new PS-SRM request form with updated 
contact information and space to indicate which analyses and methods will be used. 

Discussion 

No questions. 
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PUGET SOUND SEDIMENT REFERENCE 
MATERIAL UPDATE

Kelsey van der Elst, USACE
May 4, 2016

WHAT IS THE PUGET SOUND SRM?
Developed by EPA 
 As quality assurance material prepared from marine sediments from Puget Sound
 To assist in verification and validation of measurement accuracy, and to evaluate and 

monitor laboratory performance with analyzing real-world samples collected from 
Puget Sound
 HRGC/HRMS dioxin/furans and chlorinated biphenyl congeners, as well as PCB Aroclors
 2,850 bottles made, 33-35 g sediment each

Certified values and advisory control limits established for most dioxins/furans, 
CB congeners and PCB Aroclor 1260

Distribution began in February 2012
 95 bottles distributed to date

BOTTLE REQUESTS AND DATA RECEIVED

Dredge Year
# Bottles 

Requested
# of Projects Agency Requestor

SRM Data 
Received by EPA

2012 1 1 1 DMMP 1/1

2013 38 21
11 DMMP

3 EPA
7 Ecology

15/21

2014 17 12
7 DMMP

2 EPA
3 Ecology

7/12

2015 29 21
15 DMMP

3 EPA
3 Ecology

13/21

2016* 10 6
3 DMMP

2 EPA
1 Ecology

2/6

* through 5/1/2016

REQUIRED PS-SRM DATA DELIVERABLES
1. Electronic data deliverables
 ARI: ask for SRM EDD with requesting cost estimate

 Other labs:  DMMO will work with them to produce acceptable EDD

2. Data Validation report for SRM
 EPA Stage 2B required, Stage IV recommended

3. SRM sample data report
 Required items are listed in SRM guidance document

 Include as appendix to sediment characterization report

Must include SRM 
Bottle Number !

Must include SRM 
Bottle Number !

WHAT IS NEW WITH THE PS-SRM?

New SRM 
Manager:

Mr. Raymond Wu, EPA

wu.raymond@epa.gov

Mr. Raymond Wu, EPA

wu.raymond@epa.gov

SRM Request 
Form Updated

Indicate which analyses will 
be conducted

Indicate which analyses will 
be conducted

QUESTIONS?



 

 Proposed Clarification: Revised Evaluation Guidelines for Benzyl Alcohol in 
Marine Sediments 

 

 

Heather Whitney Fourie, USACE 

Summary 

Benzyl alcohol (BA) is a standard DMMP COC required for analysis on dredging projects in marine 
waters. Recently, BA has been detected much more frequently in DMMP characterization studies. In 
multiple cases, it has been the only COC to exceed its Screening Level (SL).  Because BA is known to 
have natural sources in the environment, the DMMP agencies have applied best professional 
judgment (BPJ) to suspend the bioassay requirement for these projects. Due to the increasing 
frequency of BA and consequent increasing use of BPJ, the DMMP agencies conducted a 
multifaceted technical evaluation of BA to validate the use of BPJ.  

A brief summary of the findings of the 22-page clarification paper was provided in the SMARM 
presentation.  In summary: 

• BA likely occurs naturally in plant-derived material in marine sediment. 
• BA likely biodegrades readily in the marine environment. 
• BA has been detected throughout WA and has been found in both urban and non-urban 

areas. 
• BA has been seldom detected at DMMP non-dispersive disposal sites. 
• Bioassay and literature toxicity data indicate that BA has little to no toxicity at the SL. 

In summary, the DMMP agencies do not consider BA to be a chemical of significant concern and will 
continue the use of BPJ to determine the need for biological testing when BA is the only COC 
exceeding its SL. The agencies also recommend potential re-evaluation/re-calculation of the 
Apparent Effect Threshold (AETs) used to establish the SL. 

Discussion 

Q: Tim Thompson (SEE LLC) – This paper provides evidence that the AETs need re-evaluation.  Why 
are you not proposing to do this or at least drop benzyl alcohol from the DMMP COC list?  He asks 
that the DMMP prioritize the re-evaluation of the marine SLs/MLs. 

A: Laura Inouye (ECY) – One reason that benzyl alcohol was not dropped is that it is still part of the 
SMS criteria.  Changing that list would require rule revision and Ecology’s budget doesn’t allow for 
revising these numbers right now. 
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Revised Evaluation Guidelines for 
Benzyl Alcohol (BA) in Marine 

Sediments

Heather Whitney Fourie (USACE)

David Fox (USACE)

May 4, 2016

Current DMMP Guidelines

Marine projects:

• Screening Level (SL) = 57 ug/kg

• Maximum Level (ML) = 870 ug/kg

• Toxicity testing required if SL is exceeded

Benzyl Alcohol (BA)

The Problem

• BA has been detected more frequently in DMMP 
projects

• BA was the only COC to exceed SL in several recent 
DMMP projects:
– 2011

• Duwamish Navigation Channel O&M

– 2012
• Snohomish Navigation Channel O&M

– 2014
• Shelter Bay Marina
• La Connor Marina

– 2015
• Bellingham Cold Storage

La Connor Marina 2014 sampling

More rigorous evaluation of BPJ use needed

• BA has both industrial and natural sources

• BA is suspected to occur with leaf litter, small woody debris, 
terrestrial plant‐derived material, etc.

• DMMP has been using best professional judgement (BPJ) to 
exempt some projects from the bioassay requirement when 
BA is the only SL exceedance

The Problem: continued…

Projects with BA 
as sole 

exceedance

What We Investigated

Geographic 
distribution

Analytical methods 
and changes

Sources: industrial 
and natural

Persistence: 
biodegradation & 
bioaccumulation

Disposal site 
monitoring data

Toxicity: Literature data

Regulatory origins

Clarification 
Paper

Toxicity: Bioassay data

Frequency & 
magnitude

Outcome

• 22‐page clarification 
paper

• More details and 
references than can be 
covered in this talk
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BA SL exceedances in DMMP projects have 
increased since ~2011
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Benzyl Alcohol in Lower Duwamish Sediment Samples 

number of samples Detects Detects >57 ug/kg

Data courtesy of S. McGroddy

BA detections are also increasing in non‐DMMP 
projects

BA detected in 
more than 90% of 
samples

Why the increase?

Analytical techniques have improved

• BA measured via EPA Method 8270 (GC/MS)

– Historically, low detection limits have been difficult to attain

• Laboratories have made significant upgrades to 
instruments, injectors, solvents, extraction procedures, 
etc.

• Example: In 2015, non‐detect sediment samples from 
Boeing Plant 2 were re‐analyzed due to poor QC sample 
recoveries

– BA detected in 3 of 6 re‐analyzed samples

– Maximum detection (360 ug/kg) > SL

Cumulative effect: Analytical improvements may be a contributing to observed sudden 
increase in BA detections (frequency and magnitude)

Benzyl alcohol has industrial and natural sources

• Used industrially as a solvent, preservative, and as a feedstock 
for other chemicals

• Consumer products: food, cosmetics, soap, perfume, flavoring 
industries, and medical treatments

• Occurs naturally in a number of plants and edible fruits

• Found at high levels (>3,000 ug/kg) in Pacific Northwest “dark 
fines” used on a Duwamish Waterway habitat restoration 
project

• Visible organic matter was noted in sample logs for DMMP 
projects for which BPJ was used

Persistence: Benzyl alcohol degrades quickly

• Aerobic and anaerobic tests: BA readily degrades
– However, Puget Sound wastewater treatment facility efficiencies 

unknown

• Natural degradation product: benzoic acid
– Also readily biodegradable
– Many industrial uses
– Has DMMP screening level
– BA in dredged material will likely biodegrade to benzoic acid within a 

short time span

• Low concern for bioaccumulation
– Low log Kow
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Geographic Occurrence & 
Distribution

BA found in excess of SL at non‐urban 
reference sites

• Carr Inlet, Holmes Harbor, Dabob Bay, and Samish 
Bay

• BA exceeded the DMMP SL in 2 of 4 reference 
areas

• Maximum BA = 281 ug/kg

Recall: current SL = 57 ug/kg!

BA is widespread and 
frequently co‐occurs 
with benzoic acid

• Urban and non‐urban 
areas

• Benzoic acid detected 
even more often than 
BA

Detections since 2011

Adapted from Figure 4 of the paper

BA generally not found at disposal sites

• BA primarily non‐detect at non‐dispersive 
sites possibly due to biodegradation

• All BA detections < SL

• Benzoic acid frequently detected (at less than 
SL)

• Current DMMP evaluation procedures 
(including BPJ) are environmentally protective

Bioassay data indicate low toxicity at SL

• DMMP bioassay data: 26 samples from 6 
studies

• PSAMP bioassay data: 15 samples

• Data are complicated by co‐occurring 
chemicals

• Both datasets provide evidence that BA alone 
is likely not toxic enough to cause DMMP 
bioassay test failures at or near the SL

Literature ecotoxicity data also indicates low toxicity 

• Surveyed EPA’s EcoTox database

• Limited number of studies exposed test species to 
aqueous concentrations of BA

• Using Equilibrium Partitioning (EqP) relationship, the 
predicted sediment concentration associated with 
the lowest effective concentration (EC50) would be:

2,700 ug/kg

Recall: current SL = 57 ug/kg!
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Summary

• Benzyl alcohol
– Likely occurs naturally in plant‐derived material in 
marine sediment

– Likely readily biodegraded in the marine environment

– Detections are widespread in WA; found in both urban 
and non‐urban areas

– Seldom detected at DMMP non‐dispersive disposal 
sites

• Bioassay and literature toxicity data indicate
– BA has low toxicity at/near the current SL

Proposed Action/Modification

• BA is not a chemical of significant concern to the 
DMMP agencies

• When BA is the only COC exceeding its SL, 
continued use of BPJ is justifiable to determine 
need for biological testing

• Re‐evaluation of the current SL (and possible re‐
calculation of the AETs or use of other benthic 
toxicity modeling tools) is recommended

Implications for other DMMP COCs

• Other chemicals that are known or suspected to 
occur naturally include

– Benzoic acid

– Phenol

– Methyl phenols

• More BPJ?

• More investigation?

– Potential future SMARM papers

Questions?

Send comments to
DMMOTeam@usace.army.mil

By June 4th.



 

 Proposed Clarification: Adoption of Elements of SEF for Use in DMMP 
 

 

David Fox, USACE 

Summary 

The Sediment Evaluation Framework (SEF) for the Pacific Northwest was recently updated and will 
be released later in 2016.  One goal of SEF is to make sediment evaluation procedures as consistent 
as possible throughout the Pacific Northwest.  The DMMP agencies propose adopting certain 
elements of the revised SEF for use in DMMP.  The clarification paper on this topic provides the 
rationale for adopting or not adopting elements from SEF.  Elements proposed for adoption include 
1) the ‘very low’ rank, including the numerical guidelines for fines content and TOC, as well as the 
10-year recency guideline; 2) the DMMU volume limits for non-port projects on the Washington side 
of the Columbia River; 3) the field sampling checklist; and 4) the recommended 
preparation/analytical methods and sample quantitation limits for tissue analysis.   

Discussion 

No questions. 
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Adoption of 
Elements of SEF for 
Use in DMMP
DAVID FOX, PE
SEATTLE DISTRICT

SEDIMENT MANAGEMENT
ANNUAL REVIEW MEETING

MAY 4, 2016

Sediment Evaluation 
Framework for the Pacific NW

 Sediment Evaluation Framework (SEF) recently 
updated and will be released later this year

 Goal:  “make sediment evaluation procedures as 
consistent as possible throughout the Pacific 
Northwest”

Why Adopt Elements from SEF?

 DMMP agencies involved in SEF update

 Help maintain regionally consistent framework

 DMMP can benefit from advances made in 
sediment science and management in other 
parts of the Pacific NW

DMMP User Manual vs. SEF

 2015 User Manual was compared to revised SEF 
to identify differences

 Some differences due to historical underpinnings 
(e.g. PSDDA documents) – no need for 
alignment in these cases

 Clarification paper provides rationale for 
adopting or not adopting elements from SEF

 This presentation covers only those elements that 
are proposed for adoption

‘Very Low’ Rank

 Similar to current DMMP Tier 1 evaluations based 
on Clean Water Act exclusionary criteria:
 coarse grained material

 high-energy environment

 sufficiently removed from sources of contamination

 Numerical guidelines:
 >80% retained on #230 sieve

 total organic carbon < 0.5%

 10-year recency guideline

DMMU Volumes for Projects on 
Columbia River

 SEF volume limits for lower Columbia based on 
high sand content, rapid shoaling and very large 
maintenance dredging projects

 Non-port projects on Washington side are 
currently evaluated using DMMP volume limits

 Adoption of SEF volume limits makes evaluation 
consistent for all projects on lower Columbia



5/19/2016

2

Field Sampling Checklist

 Revised SEF includes this checklist, including:
 Paperwork
 Sampling equipment
 Positioning equipment
 Decontamination equipment
 Sample processing and handling
 Sample packing and shipping
 Tools
 Personal equipment

 The checklist may be a useful guide for sampling 
contractors consulting the DMMP User Manual

Tissue Analysis

 Revised SEF includes a table with recommended 
prep methods, analytical methods and sample 
quantitation limits for tissue analysis

 The DMMP UM doesn’t currently have such a 
table and would benefit from its inclusion

Questions?
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Appendix 1. Meeting Announcement 



 

2016 SEDIMENT MANAGEMENT ANNUAL REVIEW MEETING 
WEDNESDAY, MAY 4, 2016 

8:30 AM – 4:00 PM 
HOSTED BY THE DREDGED MATERIAL MANAGEMENT PROGRAM (DMMP) AND THE 
DEPARTMENT OF ECOLOGY SEDIMENT MANAGEMENT STANDARDS PROGRAM (SMS) 
 

This year SMARM kicks off with a look at the origin and evolution of the DMMP.  A budget proviso 
from the state legislature directs the Department of Ecology to lead a management review of 
the DMMP to ensure that the program is functioning as originally 
envisioned.  Jim Pendowski from Ecology will lead a 
presentation on the proviso and plans for reviewing the program 
in cooperation with the managers of the four DMMP agencies.   

Also on the agenda for 2016: 

• Reports on testing, disposal and monitoring as required 
in DMMP founding documents 

• Presentations highlighting new dredging techniques 
• Proposals for clarifications to the DMMP/SMS programs, presented for discussion and 

comment 

Stakeholder Participation:   

A portion of the agenda is always held open for stakeholders to present proposed modifications 
to the DMMP and/or SMS programs.  You are invited to submit program-related issues, ideas & 
suggestions for consideration and discussion at the meeting.  Submissions for these public issue 
papers or presentations will be accepted through Friday, April 29, and should include: 

• A statement of the issue/concern/topic 
• Why the topic is relevant and important to the DMMP and/or SMS programs and 

stakeholders 
• Alternatives or suggestions for topic resolution 

Display Posters:  Have a sediment-related poster to share?  We have space to display several 
within the SMARM meeting room.  Contact the DMMO for further details. 

 
 

 

Draft agenda and clarification papers are posted on the 
DMMP SMARM web page. 

 

 

LOCATION: 
Corps of Engineers, Seattle District 

Salish Sea Conference Room 
4735 East Marginal Way S.  

Seattle, Washington 98134 

SECURITY:  

To enter this federal government 
facility requires screening by a 
metal detector.  Allow plenty of 
time for parking and security 
procedures (see page 2).  

http://www.nws.usace.army.mil/Missions/CivilWorks/Dredging/SMARMs.aspx


 

DIRECTIONS TO SMARM 2016 
From the north:   From I-5 south, take Exit 165A toward James Street. Take an immediate 
right onto Columbia St. and follow through town to merge on to the viaduct/Hwy. 99 South. 
Hwy. 99 South becomes E. Marginal Way S. The Federal Center South (Building 1201) will be 
on your right; a large visitor parking lot will be across the street on your left.  

From the south:   From I-5 north, take Exit 162 (on left) to Corson/Michigan St. Stay straight 
on Corson Ave S. and get into right lane. Take the first right onto S. Michigan St. and go ½ 
mile. Turn right onto E. Marginal Way S./Hwy. 99.  Go 1.3 miles. Federal Center South 
(Building 1201) will be on your left; a large visitor parking lot will be across the street on your 
right.  Area and building maps are attached. 

Parking and Security: Visitors can park in the large parking lot across the street from Federal 
Center South (FCS). Pedestrians cross E. Marginal Way S/Hwy. 99 at the pedestrian crosswalk 
at the light.  

All visitors are subject to security screening and must sign in at the main entrance of the FCS 
Building 1201 to gain access to the new Corps Headquarters Building 1202. Attendees will 
then proceed to Building 1202 where they will be directed to the Salish Sea Conference Room 
located on the first floor.  

Access Assistance:  Guests who need special assistance accessing the building may be 
allowed in the secure gate near Building 1202. This requires at least 24 hours prior notice to 
allow coordination with the security office. Contact the Dredged Material Management Office 
for assistance with this process.  

International Guests:  All guests are welcome at the meeting regardless of nationality.  
International guests may use their own government-issued picture identification to gain 
access to FCS.  We ask that international guests RSVP to the DMMO prior to meeting day so 
that security personnel can be advised. 

 
  
 FOR MORE INFORMATION, CONTACT THE DMMO: 

E-mail:  DMMOteam@usace.army.mil 
Phones:  206-764-6083 

   206-764-6945 
   206-764-6550 
   206-764-6713 

Mailing Address: 
   U.S. Army Corps of Engineers, Seattle District 
   Dredged Material Management Office 
   PO Box 3755 
   Seattle, WA 98124-3755 

mailto:DMMOteam@usace.army.mil


 

Appendix 2. Agenda 



2016 Sediment Management Annual Review Meeting 
May 4, 2016 

 

Comments on SMARM 2016 should be submitted to DMMOteam@usace.army.mil by 
June 3, 2016 

 

8:30 Coffee and Registration  
9:00 Welcome Justine Barton, EPA 

9:05 Opening Remarks Amy Reese, Chief 
Operations Division, USACE 

 
Session 1:  State of the DMMP – Management Discussion 

9:15 Origin and Evolution of DMMP Justine Barton, EPA &  
David Fox, USACE 

9:55 Legislative Proviso for Management Review of DMMP Jim Pendowski, Ecology 
10:30 Break   

 
Session 2:  Dredging Year 2016:  Agency Actions and Updates 

10:50 Updates on Toxics Cleanup Program’s Budget, Policy and 
Cleanup Site Developments, and SCUM II revisions. Chance Asher, Ecology 

11:20 Update on 2015 DMMP Clarification and Issue Papers Kelsey van der Elst, USACE 
11:30 DMMP Project Evaluation Activities – Dredging Year 2016 Heather Fourie, USACE 
11:50 Lunch – on your own    

 
Session 3:  Disposal Sites, Projects and Issues 

12:50 Disposal Site Management and Monitoring, A/K Trawl Study 
Results, and ESA Consultation 

Celia Barton, DNR &  
David Fox, USACE 

1:10 Public Issue Paper:  Bulk sediment TBT trigger – Basis? Susie McGroddy, Windward 
Environmental 

1:25 Mukilteo Multimodal:  Dredging of Site with Extensive Debris Marsha Tolon, WashDOT 
1:35 Applying 2013 SMS Rule to the DMMP:  PAHs as an Example Laura Inouye, Ecology 
2:05 Break  

 
Session 4:  Proposals, Clarifications and Updates 

2:25 Proposed Clarification:  Updated Dioxin Testing Requirements for 
Dispersive Disposal Sites in Puget Sound Kelsey van der Elst, USACE  

2:40 Puget Sound Sediment Reference Material Update Kelsey van der Elst, USACE 

2:45 Proposed Clarification:  Revised Evaluation Guidelines for Benzyl 
Alcohol in Marine Sediments Heather Fourie, USACE 

3:05 Proposed Clarification:  Adoption of Elements of SEF for Use in 
DMMP David Fox, USACE 

3:15 - 3:30 Summary & Adjourn Meeting Justine Barton, EPA 
 

mailto:DMMOteam@usace.army.mil
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Attendee Organization E-Mail 
Celina Abercrombie Ecology-HQ ceab461@ecy.wa.gov 
Peter Adolphson Ecology pado461@ecy.wa.gov 
Graham Anderson Port of Everett grahama@portofeverett.com 
Kym Anderson USACE Seattle District Kymberly.Anderson@usace.army.mil 
Peter Anderson Oregon DEQ Anderson.Peter@deq.state.or.us 
Linda Anderson-Carnahan EPA Region 10 anderson-carnahan.linda@epa.gov 
Chance Asher Ecology cash461@ecy.wa.gov 
Amy Baehm SGS Environmental Services amy.baehm@sgs.com 
Dan Baker GeoEngineers dbaker@geoengineers.com 
Celia Barton WDNR celia.barton@dnr.wa.gov 
Justine Barton EPA Region 10 barton.justine@epa.gov  
David Baumeister On-Site Environmental dbaumeister@onsite-env.com 
Dennis Bean Test America dennis.bean@testamericainc.com 
Ezra Beaver Inspire Environmental ezra@inspireenvironmental.com 
Gary Braun TetraTech gary.braun@tetratech.com 
Donald M.  Brown EPA Region 10 brown.donald.m@epa.gov 
Ellen Brown NAVFAC NW ellen.brown1@navy.mil 
Sandy Browning Integral Consulting sbrowning@integral-corp.com 
Jeremy Buck USFWS jeremy_buck@fws.gov 
Dick Caldwell NW Aquatic Sciences rcaldwell@nwaquatic.com 
Greg Caron Ecology grca461@ecy.wa.gov 
Allan Chartrand Chartrand Environmental allanc50@comcast.net 
Mary Christie Pace Analytical mary.christie@pacelabs.com 
Anne Conrad Hart Crowser anne.conrad@hartcrowser.com 
Cat Curran Nautilus Environmental cat@nautilusenvironmental.com 
Susan Dunnihoo Analytical Resources Inc. sue@arilabs.com 
Susannah Edwards Ecology sued461@ecy.wa.gov 
Mike Ehlebracht Hart Crowser mike.ehlebracht@hartcrowser.com 
Hillary Eichler Ramboll Environ heichler@ramboll.com 
Victoria England Berger Abam victoria.england@abam.com 
John Evered Ecology jeve461@ecy.wa.gov 
Jeff Fellows Landau Associates jfellows@landauinc.com 
Joanna Florer Port of Seattle florer.j@portseattle.org 
James Forrest Pace Analytical james.forrest@pacelabs.com 
Erica Fot Ecology efot461@ecy.wa.gov 
Heather Fourie USACE Seattle District heather.w.fourie@usace.army.mil 
David Fox USACE Seattle District david.f.fox@usace.army.mil 
Dylan Frazer Landau Associates dfrazer@landauinc.com 
Noah Garjuilo AECOM noah.garjuilo@aecom.com 
Erik Gerking Port of Everett erikg@portofeverett.com 
Kathy Godfredsen Windward Environmental kath.g@windwardenv.com 



 

Sarah Greenfield Oregon DEQ sarah.greenfield@deq.state.or.us 
Robert Greer Test America robert.greer@testamericainc.com 
Tom Gries Ecology tgri461@ecy.wa.gov 
Connie Groven Ecology connie.groven@ecy.wa.gov 
Emily Guyer Integral Consulting eguyer@integral-corp.com 
Will Hafner NewFields whafner@newfields.com 
Warren Hansen Windward Environmental warrenh@windwardenv.com 
Robert Healy Port of Tacoma rhealy@portoftacoma.com 
Gretchen Heavner Floyd Snider gretchen.heavner@floydsnider.com 
Erika Hoffman EPA Region 10 hoffman.erika.@epa.gov 
Michelle Hollis Port of Portland michelle.hollis@portofportland.com 
James Holm USACE Portland District james.a.holm@usace.army.mil 
Dawn Hooper Ecology dawn.hooper@ecy.wa.gov 
Karl Hornyik On-Site Environmental khornyik@onsite-env.com 
Ben Howard Port of Bellingham benh@portofbellingham.com 
Chris Hunt NewFields chunt@newfields.com 
Laura Inouye Ecology lino461@ecy.wa.gov 
Gerald Irissarri Northwestern Aquatic Sciences girissarri@nwaquatic.com 
Mark Johns Exponent Inc. mjohns@exponent.com 
Jeff Johnston Ecology jeff.johnston@ecy.wa.gov 
Abhijit Joshi GeoEngineers ajoshi@geoengineers.com 
Artie Kapell Ecology akap461@ecy.wa.gov 
Alexandra Karpoff Anchor QEA akarpoff@anchorqea.com 
James Keithly Environmental Resources 

Management 
james.keithly@erm.com 

David Kendall USACE Seattle District (retired) davidrun2b@aol.com 
Kristen Kerns USACE Seattle District kristen.kerns@usace.army.mil 
Peter Krembs USACE Seattle District peter.n.krembs@usace.army.mil 
Daniel Krenz USACE Seattle District daniel.a.krenz@usace.army.mil 
Kathy Kreps Test America kathy.kreps@testamericainc.com 
Mark Larsen Anchor QEA mlarsen@anchorqea.com 
Rebecca Lawson Ecology rebecca.lawson@ecy.wa.gov 
Fu-Shin Lee Ecology flee461@ecy.wa.gov 
Peter Leon Leon Environmental peter@leon-environmental.com 
Randy Lewis Port of Grays Harbor rlewis@portgrays.org 
Teena Littleton EPA Region 10 littleton.christina@epa.gov 
Bridgette Lohrman EPA Region 10 lohrman.bridgette@epa.gov 
Matt Longenbaugh NMFS matthew.longenbaugh@noaa.gov 
Leonard Machut Ecology lema461@ECY.WA.GOV 
Leon Environmental Leon Environmental malek@leon-environmental.com 
Koshlan Mayer-Blackwell Pacific Groundwater Group koshlan@pgwg.com 
Brenden McFarland Ecology bmcf461@ecy.wa.gov 
Susie McGroddy Windward Environmental susanm@windwardenv.com 



 

Amanda McKay Floyd Snider amanda.mckay@floydsnider.com 
Colin McKean Fremont Analytical cmckean@fremontanalytical.com 
James McMillan USACE Portland District james.mcmillan@usace.army.mil 
Russ McMillan Ecology rmcm461@ecy.wa.gov 
Teresa Michelsen Farallon Consulting LLC tmichelsen@farallonconsulting.com 
Jennifer Miller Vista analytical jmiller@vista-analytical.com 
Linda Mortensen Stantec Consulting linda.mortensen@stantec.com 
Nancy Musgrove GeoEngineers nmusgrove@geoengineers.com 
John Nakayama NewFields jnakayama@newfields.com 
Shandra O'Haleck NMFS shandra.ohaleck@noaa.gov 
Gerry O'Keefe Washington Public Ports 

Association 
gokeefe@washingtonports.org 

Wendy Oresik Normandaeau Associates woresik@normandeau.com 
Jayson Osborne USACE Seattle District jason.b.osborne@usace.army.mil 
LTC Andrew Park Corps-Deputy DE andrew.y.park@usace.army.mil 
Gary Pascoe Pascoe Environmental gpascoe@pascoe-env.com 
Clay Patmont Anchor QEA cpatmont@anchorqea.com 
Kent Patton Apex Labs kpatton@apex-labs.com 
Jim Pendowski Ecology jpen461@ecy.wa.gov 
Delaney Peterson Anchor QEA dpeterson@anchorqea.com 
Todd Poyfair SLS Environmental todd.poyfair@alsglobal.com 
Loree Randall Ecology lora461@ecy.wa.gov 
Collin Ray Ramboll Environ cray@ramboll.com 
Amy Reese USACE Seattle District amy.r.reese@usace.army.mil 
Mark Rettmann Port of Tacoma mrettmann@portoftacoma.com 
Caroline Roberts Jacobs Engineering Group caroline.roberts@jacobs.com 
Barry Rosowski Ecology bros461@ecy.wa.gov 
Carolyn Roth Brown and Caldwell croth@brwncald.com 
Bruce W. Rummel Great Water Associates bwrummel@centurylink.com 
Erika Shaffer WDNR erika.shaffer@dnr.wa.gov 
Nathan Soccorsy Anchor QEA nsoccorsy@anchorqea.com 
Glen St. Amant Muckleshoot Tribe Glen.StAmant@Muckleshoot.nsn.us 
Jeff Stern King County Jeff.stern@kingcounty.gov 
Peter Striplin Ecology pstr461@ecy.wa.gov 
Kristin Swenddal DNR kristin.swenddal@dnr.wa.gov 
Trent Temperley SGS Environmental Services trent.temperley@sgs.com 
Tim Thompson SEE tthompson@seellc.com 
Jim Thornton Ecology & Environment jthornton@ene.com 
Marsha Tolon WSDOT tolanm@wsdot.wa.gov 
Kelsey van der Elst USACE Seattle District kelsey.vanderelst@usace.army.mil 
John Wakeman USACE Seattle District (retired) johnwakeman22@gmail.com 
Lauran Warner USACE Seattle District lauran.c.warner@usace.army.mil 
Iaia Wingard GeoEngineers iwingard@geoengineers.com 



 

Iris Winstanley Leidos iris.winstanley@leidos.com 
Raymond Wu USEPA Region 10 wu.raymond@epa.gov 
Grant Yang Ecology gyan461@ecy.wa.gov 
Rob Zisette Herrera rzisette@herrerainc.com 
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Updated Dioxin Testing Requirements for Dispersive Disposal Sites in 

Puget Sound 

Prepared by Kelsey van der Elst and David Fox (U.S. Army Corps of Engineers) for the DMMP 

agencies. 

Introduction 

Following a three-year process to develop guidelines for dioxin, the dredged material management 

program (DMMP) agencies adopted new interim guidelines for dioxins on December 6, 2010 (DMMP, 

2010).  The guidelines require dioxin analysis on a case-by-case basis when there is a reason-to-believe 

that dioxin may be present at the project site.  Factors that establish a reason-to-believe include: 

 Location within an urban bay and having no historical information showing that dioxin is below 

interim guidelines 

 Proximity to current or historical point sources, such as outfalls 

 Proximity to chlor-oxide bleach process pulp mills, chlor-alkali or chlorinated solvent 

manufacturing plants, former wood treatment sites, phenoxy herbicide manufacture and/or use 

and handling areas 

 Proximity to areas with high polychlorinated biphenyl (PCB) concentrations 

 Proximity to former hog fuel burners/boilers and areas with previous fires or incineration 

sources 

 Proximity to areas previously sampled that showed elevated levels of dioxins 

In order to address concerns expressed by several tribes regarding the potential impact to tribal shellfish 

beds from dispersive disposal of dredged material not tested for dioxin, the DMMP agencies included 

the following safeguard in the 2010 guidelines: 

“…in order to address uncertainties regarding the fate of sediments disposed at dispersive sites, 

the DMMP agencies may require dioxin testing for projects proposing disposal at dispersive 

sites.  Specifically, for those projects for which dioxin testing would not normally be required 

under the reason-to-believe guidelines, the DMMP agencies may require dioxin analysis of a 

reduced number of sediment samples. The decision to conduct this testing will be based on the 

size of the project and the grain-size characteristics of the dredged material.  DMMP agencies 

are planning to conduct a fate and transport study for disposal operations at the Port Townsend 

and Rosario Strait disposal sites. Depending on the outcome of this study, the expanded dioxin 

testing requirement may be retained or dropped.”   

Problem Identification 

A dispersive site fate and transport study was conducted by the U.S. Army Corps of Engineers and the 

final study report was completed in September 2012 (USACE, 2012).  Results of the modeling study were 

presented at the 2013 SMARM.  A key finding was that none of the modeled dredged material disposed 

at the dispersive sites entered shellfish areas identified by the tribes.   
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Despite the results of the study, the DMMP agencies continued to require dioxin testing for projects 

disposing at a dispersive site even in the absence of a reason-to-believe that dioxin might be present in 

the proposed dredged material.  The data collected from such projects has now reached a point where 

the agencies’ reason-to-believe judgment has been validated and the requirement to conduct dioxin 

testing in the absence of reason-to-believe needs to be reassessed. 

The following sections provide a brief review of the findings of the dispersive site fate and transport 

study and present the dioxin testing results for projects over the last 6 years for which dispersive 

disposal was proposed.  The paper concludes with a proposed modification to the DMMP dredged 

material evaluation guidelines. 

Technical Evaluation 

Dispersive Site Fate and Transport Study Summary (Executive Summary from USACE/DNR, 
2012) 

The DMMP agencies manage eight open-water dredged material disposal sites in Puget Sound and the 
Strait of Juan de Fuca.  Three of these (Port Angeles, Port Townsend and Rosario Strait) are dispersive 
sites.  As the name implies, dredged material placed at these sites does not remain on site, but is widely 
dispersed.  Because post-disposal monitoring is not possible at these sites, the dredged-material 
evaluation guidelines used for dispersive sites are more stringent than those used at the non-dispersive 
sites.  Only the cleanest material may be placed there.  
 
In 2007 the DMMP agencies began an intensive public process to revise the evaluation guidelines for 
dredged material containing dioxin.  The Lower Elwha Klallam Tribe submitted a comment letter 
expressing concern over the fate of dredged material placed at the dispersive sites.  Specifically, the 
Tribe was concerned that dredged material containing dioxin could impact shellfish beds in the area.  
The DMMP agencies agreed to evaluate this possibility by conducting a fate and transport study for 
material placed at the dispersive sites.  
 
The first step in the study was development of a hydrodynamic model of Puget Sound by the Corps of 
Engineers.  Then, in August 2011, the Department of Natural Resources funded a field survey of tidal 
currents in the vicinity of the disposal sites.  Data from this survey were used by the Corps to validate 
and calibrate the hydrodynamic model.  In the final step, the calibrated hydrodynamic model was 
combined with a particle tracking model to simulate – over a 72-hour period – the fate and transport of 
dredged material placed at the disposal sites.  
 
The modeling results indicated that material placed at these three sites is indeed dispersed, with the 

Port Angeles and Rosario Strait sites being the most highly dispersive.  The Port Townsend site is less 

dispersive, but material placed there is still widely scattered in the vicinity of the site.  Fine-grained 

material, with which dioxin and other hydrophobic organics tend to sorb, remains in the water column 

longer than sand and is therefore the most widely dispersed.  These particles tend to be transported to 

the west - parallel to the Strait of Juan de Fuca - at the Port Angeles and Port Townsend sites.  The 

results are more mixed at the Rosario Strait site, with the majority of the material transported to the 

south or southwest, but small fractions of the material also being transported to the northeast into 

Bellingham Channel, and to the east through Guemes Channel and Deception Pass.  
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Despite the dispersive nature of these sites, a key finding was that none of the modeled dredged 

material entered any of the shellfish areas identified by the Lower Elwha Klallam Tribe.  While fine-

grained material does stay in the water column for an extended period of time, transport paths were 

largely confined to deeper water, away from the shorelines where shellfish beds are found.  The fine-

grained material does eventually settle lower into the water column as well.  At the Port Angeles and 

Port Townsend sites, no more than ten percent remained in the top 20 meters of the water column after 

24 hours, putting the majority of the fine-grained material below the depth range of commercial 

geoduck tracts.  In summary, the modeling results indicate that dredged material disposal at the Port 

Angeles, Port Townsend and Rosario Strait sites is unlikely to impact shellfish resources in the vicinity of 

the sites. 

Dioxin Testing Summary for Projects with No Reason-To-Believe 

Since dredge year 2009 (DY09) there have been ten projects with proposed disposal at a dispersive 

disposal site; see Table 1.  The DMMP agencies required dioxin testing for all ten projects.  Of these ten 

projects, five had no reason-to-believe that dioxin might be present in project sediments, but dioxin 

testing was required due to the proposed dispersive disposal.  The average dioxin concentration for 

these five projects was 0.33 parts per trillion (pptr) toxicity equivalents (TEQ) and the maximum 

concentration was 0.7 pptr TEQ.  Both concentrations are well below the site management objective of 

4 pptr TEQ for dispersive disposal sites.  These results clearly demonstrate that dioxin has not been 

found at elevated levels in areas where there is no reason-to-believe.   

Table 1.  Summary of projects with proposed dispersive disposal, DY09-DY15 

1SDM = suitability determination memorandum                                                                                                               
2 Highest value of DMMUs tested 

Projects with proposed 
dispersive disposal since 

DY09 

SDM1 
year 

Disposal site 
 Dredge year (DY) 

disposed 

Dioxin                        
reason-to-

believe 

Dioxin results2 
(pptr TEQ) 

City of Anacortes, Skyline 
Marina  

2009 Rosario Strait DY11 and DY12 yes  2.5 

USACE Swinomish 2009 Rosario Strait DY13 and DY15 no 0.16 

Thatcher Bay Restoration 2009 Rosario Strait DY15 no 0.34 

NPI outfall, Port Angeles 2010 Port Angeles not yet dredged  yes  0.1 

USACE Keystone Harbor 2012 Port Angeles not yet dredged no 0.7 

Cap Sante Boat Haven, 
Anacortes 

2012 
Rosario Strait or 

Port Gardner 
not yet dredged yes 42.7 

Bay Head Marina 2013 Rosario Strait not yet dredged no 0.09 

Port of Anacortes, Pier 2 
and Curtis Wharf 

2014 
Rosario Strait or 

Port Gardner 
not yet dredged yes 0.2 

Silver King  LLC 2014 Port Townsend not yet dredged no 0.38 

Shelter Bay 2015 Rosario Strait not yet dredged yes (due to fire) 1.6 

      Average : NO reason-to-believe  0.33 
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For the other five projects proposed for dispersive disposal, there was a reason-to-believe that dioxin 

concentrations might be elevated.  Three of these projects were located in Anacortes which is an area 

with known dioxin contamination.  The highest dioxin level (42.7 pptr TEQ) found was from Cap Sante 

Boat Haven in Anacortes, the only project with material that failed for both dispersive and non-

dispersive disposal.  Both of the other two Anacortes projects had dioxin concentrations less than 2.5 

pptr TEQ, below the dispersive site management objective of 4 pptr TEQ.  The Nippon Paper Industries 

(NPI) outfall project in Port Angeles had reason-to-believe due to the site’s history as a pulp and paper 

mill.  The highest dioxin concentration was low, only 0.1 pptr TEQ, and all of the project material passed 

for dispersive disposal.  There is no reason-to-believe for dioxin on the Swinomish Channel, however, a 

significant boat fire within the Shelter Bay Marina in February 2014 presented a reason-to-believe that 

dioxin might be present in the project sediments.  Therefore, dioxin testing was required for one sample 

from the vicinity of the fire.  The dioxin concentration was low, 1.6 pptr TEQ, and the project passed for 

open-water disposal at the Rosario Strait dispersive site.  These results show that the reason-to-believe 

factors are environmentally protective and did catch the one project that had a dioxin TEQ above the 

site management objective for dispersive sites. 

Proposed Clarification 

The results from the project analysis demonstrated that the reason-to-believe factors are well designed 

and sufficient to determine the need for dioxin testing.  There were no instances where the DMMP 

reason-to-believe factors failed (i.e. elevated dioxin was found where it was not expected).  In addition, 

the dispersive site fate and transport modeling study concluded that dredged material disposed at the 

dispersive sites does not reach known shellfish beds in the vicinity of the disposal sites, thereby reducing 

the risk further.  The DMMP agencies have determined that the expanded dioxin testing requirement 

for dispersive disposal sites should be dropped.  The need for dioxin testing for all projects in Puget 

Sound will be determined based on a case-by-case analysis of the reason-to-believe factors.   

This clarification does not in any way modify the 2010 site management objective for dioxin at the 

dispersive disposal sites.  The maximum concentration of dioxin that may be placed at a dispersive site 

remains at 4 pptr TEQ. 
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Adoption of Elements of the Sediment Evaluation Framework for the 

Pacific Northwest for Use in the Dredged Material Management Program 

Prepared by David Fox (U.S. Army Corps of Engineers) for the DMMP agencies. 

Introduction 

One purpose of the Regional Sediment Evaluation Team’s (RSET) Sediment Evaluation Framework (SEF) 

is to “make sediment evaluation procedures as consistent as possible throughout the Pacific Northwest” 

(RSET, 2016).  To help maintain a regionally consistent framework, the Dredged Material Management 

Program (DMMP) agencies are committed to adopting SEF guidance where possible and relevant.  The 

recent update of the SEF provides an opportunity to align the guidance provided in the DMMP User 

Manual (UM) with the guidance provided in the revised SEF as appropriate.  It also allows the DMMP to 

benefit from advances made in sediment science and management in other parts of the Pacific 

Northwest. 

Problem Identification 

Upon finalization of the revised SEF, Seattle District compared the SEF and UM and found a number of 

differences between the two.  These differences are identified in Attachment 1.  Some differences are 

due to the historical underpinnings of the two programs.  For example, the volume limits used by the 

DMMP agencies for dredged material management units (DMMUs) were established during the Puget 

Sound Dredged Disposal Analysis (PSDDA) study (PSDDA, 1988) for projects in Puget Sound.  The RSET 

agencies, in developing sediment characterization guidelines for the Columbia River, established 

somewhat larger volume limits due to the high sand content typically found and the large volume of 

dredging required annually to maintain the federal navigation channel.  Where such a rationale exists 

for a difference between the SEF and the UM, there is no need for alignment. 

In other cases, such as implementation of the revised freshwater benthic evaluation guidelines, 

alignment of the SEF and UM is essential to ensure that the best available science is being used in both 

programs.  The DMMP agencies adopted the revised freshwater benthic guidelines as part of the 2015 

Sediment Management Annual Review Meeting (SMARM) public review process.  The new freshwater 

benthic guidelines are now included in both the UM and revised SEF.   

The following sections identify those elements of the dredged material evaluation guidelines from the 

revised SEF that the DMMP agencies propose adopting.  The rationale for doing so is also provided.  

There are a number of other elements that the DMMP agencies do not propose adopting.  These 

elements, and the rationale for their non-adoption, are listed in Section B of Attachment 1.   

SEF Guidelines Proposed For Adoption 

1.   ‘Very Low’ Rank      (Attachment 1: Items A1, A2, and A3) 

The Clean Water Act (CWA) Section 404(b)(1) Guidelines promulgated by EPA include the following 

provisions for no-test determinations: “…[if] the dredged or fill material is not a carrier of contaminants, 



Final DMMP Clarification Paper June 6, 2016 

 

Adoption of Elements of the SEF for Use in the DMMP 2 

then the required determinations pertaining to the presence and effects of contaminants can be made 

without testing.  Dredged or fill material is most likely to be free from chemical, biological, or other 

pollutants where it is composed primarily of sand, gravel, or other naturally occurring inert material. 

Dredged material so composed is generally found in areas of high current or wave energy such as 

streams with large bed loads or coastal areas with shifting bars and channels.”  

Exclusion from testing under these guidelines has been addressed in various forms over the years in the 

SEF and UM.  The revised SEF includes a ‘very low’ Management Area Rank (MAR) to implement the no-

test provision.  The two lines of evidence that can be used to establish a rank of ‘very low’ for a project 

are as follows: 

“Based on the site history information review, the site is sufficiently removed from potential sources 

of sediment contamination and there are no known or suspected contaminated sites within the 

watershed.  Bioaccumulative compounds are not likely present at levels of concern based on review 

of historical data and comparison to region-specific bioaccumulation triggers.” 

“Sites with strong current and/or tidal energy typically consist of coarse-grained sediment with at 

least 80 percent sand retained in a No. 230 sieve and total organic carbon (TOC) content of less than 

0.5 percent. Typical locations include gravel bars, main-stem channels such as the lower Columbia 

River, and coastal inlets subject to the ebb and flood of tide.”  

The following additional guidance is also provided in SEF: 

 “These values [specified in the second line of evidence above] are guidelines and the local review 

team may use discretion in their application.  Photographic evidence of grain size (e.g., a photo of a 

gravel bar obstructing navigation) may be sufficient to rank a project “very low” without having the 

proponent analyze for TOC, because low TOC is presumed.  Project sediments may also fall within 

the appropriate grain size and TOC range, but be located in close proximity to sources of 

contamination (making the project ineligible for a “very low” management area rank).” 

In contrast to the no-test guidelines included in the SEF, the DMMP UM includes a section called: 

“Testing Exclusions Based on Tier 1 Analysis.”  The testing exclusions in the UM cite the CWA Section 

404(b)(1) Guidelines and the Inland Testing Manual (EPA/USACE, 1998) as follows: 

“Exclusions can be made if a Tier 1 evaluation indicates that the dredged material is not considered 

to be a “carrier of contaminants” (40 CFR 230.60 (b)). Potential exclusion situations occur most 

commonly “if the dredged material is composed primarily of sand, gravel and/or inert materials; the 

sediments are from locations far removed from sources of contaminants, or if the sediments are 

from depths deposited in preindustrial times and have not been exposed to modern sources of 

pollution” (ITM 1998). Testing may also not be necessary "where the discharge site is adjacent to 

the excavation site and subject to the same sources of contaminants, and materials at the two sites 

are substantially similar "(40 CFR 230.60(c)). All testing exclusions are project–specific and may be 

subject to other regulatory authorities and guidelines.” 

The two sets of guidelines are similar, but not identical.  For example, the SEF includes numerical 

guidelines for determining what qualifies from a physical standpoint as ‘very low’ ranked material.  The 

DMMU UM does not include any numerical guidelines.   
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Proposal:  The DMMP agencies propose adopting the ‘very low’ rank and applying it to eligible projects 
anywhere in Washington State.  The SEF lines of evidence associated with the ‘very low’ rank are 

proposed for adoption in the UM  with minor changes  as follows: 

“Based on the site history information review (Tier 1), the dredged material is sufficiently removed 

from potential sources of sediment contamination either geospatially or vertically (in the case of 

native sediment).  Bioaccumulative compounds are not likely present at levels of concern based on 

review of historical data and comparison to the DMMP bioaccumulation triggers.” 

AND 

 “The site is subject to strong current and/or tidal energy and contains coarse-grained sediment with 

at least 80 percent sand retained in a No. 230 sieve and total organic carbon (TOC) content of less 

than 0.5 percent.  Typical locations include sand and gravel bars, the main-stem channel of the 

lower Columbia River, the outer reaches of the Grays Harbor navigation channel, and marina 

entrance channels subject to deposition of coarse-grained sediment from longshore drift.  Grain size 

and/or TOC analysis may be necessary in some cases to demonstrate that the dredged material 

meets the numerical guidelines.  In other cases, photographic evidence of grain size (e.g., a photo of 

a gravel or sand bar obstructing navigation) may be sufficient to rank a project “very low” without 

having the proponent analyze for grain size or TOC.”  

AND 

“All testing exclusions are project-specific and may be subject to other regulatory authorities and 

guidelines.” 

The 10-year recency guideline will be used for cases where testing of grain size and/or TOC is required 

periodically to confirm the ‘very low’ rank. 

The second no-test situation currently in the UM will be retained, but the ‘very low’ rank will not be 

applied in such cases: 

“Testing may also not be necessary where the discharge site is adjacent to the excavation site and 

subject to the same sources of contaminants, and materials at the two sites are substantially similar 

(40 CFR 230.60(c)).” 

2.  DMMU Volumes for Projects on the Columbia River   (Attachment 1: Item A4) 

As discussed in the problem identification section of this paper, the volume limits used by the DMMP 

agencies for DMMUs were originally established for the PSDDA program.  The volume limits found in the 

SEF were developed by the RSET agencies for the lower Columbia River, where rapid shoaling and 

sediment with a high sand content are common.  The revised SEF acknowledges this difference and 

states that the DMMP UM should be consulted for projects in the state of Washington.  Where the 

problem lies is for projects on the Washington State side of the lower Columbia River itself.  Portland 

District has regulatory responsibility for port projects on the Washington State side and uses the DMMU 

volume limits found in the SEF for these projects.  Seattle District has regulatory responsibility for the 

non-port projects on the Washington State side and has historically used the DMMU volume limits 

found in the DMMP UM.   
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Since the SEF volume limits for DMMUs were developed with projects on the lower Columbia River in 

mind, the DMMP agencies agree that all projects on the lower Columbia  regardless of whether they 

are port projects or non-port projects  should be treated in a consistent manner.   

Proposal:  Apply the SEF DMMU volume limits to non-port projects on the lower Columbia River and 
update the UM to reflect this change. 

3.  Field sampling checklist        (Attachment 1: Item A5) 

The revised SEF includes a field sampling checklist, which may be a useful guide for sampling 

contractors.  The DMMP UM does not have such a checklist. 

Proposal:  Include the field sampling checklist from SEF in the DMMP UM. 

4.  Tissue analysis        (Attachment 1: Item A6) 

The revised SEF includes a table (Table 8-2) with recommended prep methods, analytical methods, and 

sample quantitation limits for tissue analysis.  The DMMP UM does not have such a table and would 

benefit from its inclusion.   

Proposal:  Add a version of Table 8-2 from the revised SEF to the DMMP UM.  

Proposed Action/Modification 

The DMMP agencies propose adopting certain elements from the revised SEF for inclusion in the DMMP 

UM.  The elements proposed for adoption are discussed in the previous section of this paper.  

Comments submitted in response to the proposed UM modifications will be considered by the DMMP 

agencies.  Depending on the comments received, the agencies may adopt some or all of the proposed 

modifications without change; adopt some or all of the proposed modifications with edits to address 

public comments; and/or drop some or all of the proposed modifications. 
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Adoption of Elements of the SEF for Use in the DMMP Attachment 1 

Attachment 1 

Differences between the 2016 SEF and 2015 DMMP User Manual 

 

A.  The following differences are addressed by the 2016 SMARM Clarification Paper, entitled 

“Adoption of Elements of the Sediment Evaluation Framework for the Pacific Northwest for Use in the 

Dredged Material Management Program.”    

A1. Ranking: 

‒ SEF includes ‘very low’ rank 

‒ DMMP includes ‘Tier 1 Exclusionary’ rank, which is equivalent to ‘very low’ rank in SEF 

‒ DMMP acknowledges ‘very low’ rank from SEF for projects on the Columbia 

Proposal:  Add ‘very low’ rank to UM for use throughout the State of Washington, using a modification 

of the definition found in SEF 

A2. Recency guidelines: 

‒ SEF includes recency period of 10 years for ‘very low’ rank 

‒ DMMP has no equivalent recency period 

Proposal:  Add 10-year recency period for ‘very low’ rank to UM 

A3. Very low/exclusionary guidelines: 

‒ SEF specifies > 80% sand and < 0.5% TOC for ‘very low’ rank 

‒ DMMP does not specify; uses narrative excerpts from CWA 

Proposal:  Add the sand and TOC specifications to the UM  

A4. DMMU volume limits: 

‒ The Portland Sediment Evaluation Team uses volumes from the SEF for port projects on the 

Washington side of the river 

‒ DMMP uses volumes established by PSDDA for non-port projects on the Washington side of the 

river  

Proposal:  Adopt the SEF DMMU volume limits for non-port projects on the lower Columbia River. 

A5. Field sampling checklist: 

‒ SEF includes this checklist 

‒ DMMP UM does not 

Proposal:  Add the checklist to the UM 

A6. Bioaccumulation: 

‒ SEF includes a table with prep method, analysis method and sample quantitation limits for 

tissue analysis 

‒ DMMP UM has no such table 

Proposal:  Add SEF table to UM  
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B.  The following differences are not proposed to be addressed at this time.  They are either 

acknowledged in the revised SEF; are in the process of being updated in RSET; are not important 

enough to adopt in DMMP; or originated in the PSDDA documentation but were not adopted by RSET.   

B1. Testing tiers/levels: 

‒ SEF Level 1 = DMMP Tier 1 

‒ SEF Level 2A = DMMP Tier 2 

‒ SEF Level 2B = DMMP Tier 3 

‒ SEF special evaluations are in Level 2B; DMMP special evaluations are in Tier 4 

Rationale for no action:  The DMMP’s four tiers of testing originated in the PSDDA documents (Tier 4 

was called the “Dredger’s Option”); the Inland Testing Manual uses four tiers; this is simply a difference 

in nomenclature and has no real significance for dredged material evaluations. 

B2. SEF includes use of conceptual site models; DMMP does not. 

Rationale for no action:  The DMMP agencies plan to explore the utility of conceptual site models for 

dredged material evaluation and management.  If the CSMs prove to be useful, the DMMP agencies will 

propose adoption in the future. 

B3. Testing guidelines for small projects: 

‒ SEF has a short narrative section, including a statement that ESA considerations can trigger 

testing regardless of project size 

‒ DMMP specifies small-project no-test volumes based on rank 

Rationale for no action:  The DMMP small-project guidelines were established as an element of the 

PSDDA program and provide a financial break to small-scale operations with limited financial resources.  

For high-ranked areas there is not a "no test" volume and some testing is always required.  In addition, 

the resource agencies may require testing – even for small projects – in areas where dredging could 

potentially mobilize contaminants in areas important for threatened or endangered species.  

B4. Down-ranking: 

‒ DMMP allows down-ranking based on ‘partial characterizations’  

‒ DMMP has specific chemical concentration guidelines for down-ranking  

‒ SEF doesn’t include partial characterizations, nor does it provide specific chemical concentration 

ranges to be used for down-ranking  

Rationale for no action:  The guidelines for partial characterizations were established during the PSDDA 

study.  They are infrequently used, but could still serve a purpose for some large projects.   

B5. Overdepth: 

‒ The Portland Sediment Evaluation Team uses paid/unpaid overdepth to determine limit of 

characterization 

‒ DMMP uses total overdepth to determine limit of characterization 

Rationale for no action:  Dredging proponents typically do not know the paid/unpaid split in overdepth 

at the time of sediment characterization.  The use of total overdepth has worked fine for DMMP.  
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B6. Total volatile solids: 

‒ DMMP requires TVS testing for all DMMUs 

‒ The Portland Sediment Evaluation Team only requires TVS analysis if there is reason to believe 

that wood waste is present 

Rationale for no action:  This testing is inexpensive.  It is not always known when wood waste will be 

encountered so having the TVS data provides an additional indicator of its presence. 

B7. Marine vs. freshwater: 

‒ SEF uses 1 ppt salinity as upper limit for freshwater 

‒ DMMP uses 0.5 ppt salinity as upper limit for freshwater 

‒ SEF includes ‘estuarine’ as a category and leaves it up to the review team to use FW or marine 

guidelines 

‒ DMMP UM states that everything over 0.5 ppt salinity is treated as marine 

Rationale for no action:  The difference is insignificant.  Also, on the three rivers where this issue has 

come up (Duwamish, Snohomish and Columbia), DMMP uses established river miles to determine 

whether freshwater or marine testing is needed; salinity measurements are only used if a proponent 

proposes using freshwater guidelines and bioassays in the freshwater-to-marine transition portion of 

the Duwamish River.    

B8. Special COCs: 

‒ SEF still includes guaiacols 

‒ Note: DMMP dropped guaiacols, but they are still mentioned in the header in Table 8-2 of the 

UM 

‒ SEF states that organophosphate pesticides and potentially other types of pesticides may need 

to be considered 

‒ DMMP includes wood waste while SEF does not 

Rationale for no action:  The DMMP agencies historically required guaiacol analysis from time to time in 

Grays Harbor and Puget Sound.  However, because there were no evaluation guidelines for guaiacols, 

the testing served no real purpose.  As for pesticides, the UM states that non-standard COCs may need 

to be tested based on site-specific conditions.  The DMMP agencies have required such testing for non-

standard pesticides in Willapa Bay.   

B9. Sulfides sampling: 

‒ The Portland Sediment Evaluation Team still uses one core section from each DMMU 

‒ DMMP now takes sulfides sample from composited samples 

Rationale for no action:  The DMMP agencies addressed this issue in 2015 after years of evaluation. 

B10. Bioaccumulation triggers: 

‒ DMMP uses BTs that were originally established for the PSDDA program and have evolved over 

time 

‒ The Portland Sediment Evaluation Team uses the screening level values (SLVs) published in 

ODEQ’s (2007) Guidance for Assessing Bioaccumulative Chemicals of Concern in Sediment  

‒ SEF acknowledges that regional BTs have not been established due to technical and regulatory 

challenges and recommends that the local review team be consulted regarding BTs 
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Rationale for no action:  There is currently no general agreement regarding the technical and regulatory 

basis for specific BTs. 

B11. Bioaccumulation test interpretation: 

‒ SEF and DMMP have different sets of target tissue levels 

Rationale for no action:  The DMMP agencies acknowledge that this is an issue that needs to be 

addressed.   

B12. Elutriate testing: 

‒ SEF includes a lot of information about elutriate testing, including elutriate test triggers 

‒ The DMMP UM only addresses elutriate bioassay testing, but references the elutriate 

assessment procedures in SEF 

Rationale for no action:  RSET continues to work on water quality-based SLs, including elutriate testing.  

The DMMP agencies will monitor RSET progress and adopt new and improved guidelines as needed. 
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Revised Evaluation Guidelines for Benzyl Alcohol in Marine Sediments 

Prepared by Heather Whitney Fourie (U.S. Army Corps of Engineers) and David Fox (U.S. Army 
Corps of Engineers) for the DMMP agencies. 

 

Introduction 

Benzyl alcohol is one of the standard Dredged Material Management Program (DMMP) chemicals of 
concern (COCs) required to be analyzed for dredging projects in marine waters.  It has a screening level 
(SL) of 57 ug/kg and a maximum level (ML) of 870 ug/kg (DMMP, 2015b).     
 
The DMMP evaluation guidelines require toxicity testing if one or more COC exceeds its SL.  Toxicity 
testing consists of a suite of three bioassays:  a 10-day amphipod mortality test; 48-hr bivalve or 
echinoderm larval development test; and a 20-day juvenile infaunal mortality and growth test using 
Neanthes arenaceodentata. 
 

Problem Identification 

Since around 2011, benzyl alcohol has been much more frequently detected in dredged material 
characterization studies than in the years prior (1989-2010).  More importantly, benzyl alcohol has been 
the only COC to exceed its SL in several recent DMMP projects, including the Duwamish Turning Basin 
and Navigation Channel O&M (2011), Snohomish Navigation Channel O&M (2012), Shelter Bay Marina 
(2014a), La Connor Marina (2014b), and Bellingham Cold Storage (2015a).  Under the current DMMP 
guidance, biological testing of sediments is required for even a single exceedance of a marine SL.  
However, unlike other anthropogenic contaminants such as PCBs and organochlorine pesticides, benzyl 
alcohol has both industrial and natural sources, and has long been suspected of being associated with 
leaf litter, small woody debris or other herbaceous or ligneous material of terrestrial origin.  This led the 
DMMP agencies to apply best professional judgment (BPJ) to eliminate the requirement for bioassays 
for four of the five projects listed above.  Concurrent bioassays were conducted on all samples from the 
Duwamish O&M project, so use of BPJ was not necessary in that case. 
 
Best professional judgment is used on a case-by-case basis to address analytical problems, ambiguous 
data or other project-specific issues that arise during dredged material characterization.  However, the 
number of cases in which benzyl alcohol was the only COC exceeding SL reached a point where the 
DMMP agencies determined that a more rigorous evaluation was needed to validate the use of BPJ.  
 

Technical Evaluation 

Seattle District conducted a multifaceted technical evaluation on behalf of the DMMP agencies, 
including an investigation into the increasing number of benzyl alcohol detections; a review of the 
sources of benzyl alcohol; research into its biodegradability; mapping of its distribution; a review of 
disposal site monitoring data; an evaluation of its toxicity; and a review of the origins of its regulation in 
the State of Washington.   
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Why the Increase in Detections of Benzyl Alcohol? 

Data trend   

Figure 1 displays the number of Dredged Material Management Units (DMMUs) with detects and non-
detects of benzyl alcohol that exceeded the current SL of 57 ug/kg by biennial report year. Prior to 2005, 
benzyl alcohol was frequently reported as a non-detect above the SL in DMMP projects, but was only 
detected once above the SL.  After 2005, the number of benzyl alcohol non-detects that exceed the SL 
drops off dramatically, and a significant increase in benzyl alcohol detections above the SL is observed 
starting around 2011. 
 
Increased benzyl alcohol occurrence has not been limited to DMMP projects.  A compilation of surface 
sediment benzyl alcohol data for the Lower Duwamish Waterway shows a dramatic increase in both 
detection frequency and the frequency of exceedance of the SL in the datasets collected after 2010 (S. 
McGroddy, Pers. Communication, 2016).  Figure 2 summarizes the Lower Duwamish Waterway data. 
 
The DMMP and Lower Duwamish data raise the question:  are we really seeing an increase in benzyl 
alcohol concentrations in Washington State sediments, or could there be other factors at play?  To 
answer this question, Seattle District reached out to local laboratories and consultants familiar with 
sediment sampling and the analysis of benzyl alcohol in sediments. 
 

Analytical Improvements 

The primary analytical method used to measure benzyl alcohol is EPA Method 8270 for semi-volatile 
organic compounds.  The basic underlying principles (gas chromatography and mass spectrometry) have 
not changed since DMMP sediment data collection began in earnest in the early 1990s.  Historically, 
benzyl alcohol recoveries have been challenging for laboratories due to chromatographic interferences.  
In the 1990s, larger volumes of sediment were required for extraction; frequently these extracts 
contained high levels of humic materials and other interferents that required additional cleanup steps.  
Any materials that could not be removed could have affected chromatography and, more specifically, 
could have resulted in non-detect results for more reactive compounds such as benzyl alcohol1 (S. 
McGroddy, personal communication, 2016). 
 
Faced with demands for lower detection limits for many of the analytes of EPA Method 8270, 
laboratories have worked hard to increase the efficiency of their sample extraction and analysis 
methods including replacing or upgrading instruments, injectors, solvents, extraction procedures, and 
more.  Increased efficiency enables the laboratory to reduce the sample mass required for analysis 
which is important because it reduces the amount of matrix interference in the sample.  The cumulative 
effect of these numerous individual improvements is likely a contributing factor to the sudden recent 
increase in both the frequency and magnitude of detections of benzyl alcohol. 
 
A recent (2015) sediment monitoring event at the Boeing Plant 2 Superfund Early Action Site clearly 
demonstrates the impact of laboratory improvements on analytical results for benzyl alcohol (AMEC, 
2015).  Benzyl alcohol was not detected in six sediment samples collected at +7 feet MLLW from the 
recently restored shoreline area at the site.  The sample results were rejected due to low (less than 10%) 
                                                           
1 EPA Method 8270D Section 1.4.6 states: “Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 4,6-
dinitro-2-methylphenol, 4-chloro-3-methylphenol, 2-nitroaniline, 3-nitroaniline, 4-nitroaniline, and benzyl alcohol 
are subject to erratic chromatographic behavior, especially if the GC system is contaminated with high boiling 
material.” (EPA, 1998) 
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Laboratory Control Sample (LCS) recoveries.  In response, the laboratory quickly and aggressively tackled 
the problem with internal extraction and methodological improvements.  LCS recoveries were 
dramatically improved, and re-analysis of the six samples resulted in benzyl alcohol detections in three 
of the six samples, with a maximum concentration of 360 ug/kg (AMEC, 2015). 
 
Our research into the increase in benzyl alcohol detections suggests that both the increase in frequency 
of detection of benzyl alcohol and the magnitude of the concentrations reported are due to 
improvements in analytical technologies and techniques.  If this is true, then much of the historical 
benzyl alcohol data associated with sediment samples in Washington State may underestimate the 
frequency of detection and concentrations of benzyl alcohol.  It is important to keep this caveat in mind 
when evaluating time trends in the distribution of benzyl alcohol, its co-occurrence with benzoic acid, 
and benthic toxicity associated with its presence.   
 
Sources – Industrial and Natural 

Benzyl alcohol is an aromatic organic alcohol produced and used industrially as a solvent, a preservative, 
and as feedstock for the manufacture of other chemicals.  The chemical is commonly used in the soap, 
perfume and flavoring industries and as an ingredient in ointments and cosmetics; it is also frequently 
used in inks, paints, epoxy resins and paint strippers (HSDB, 2016; HPD, 2016).  Benzyl alcohol is added 
as a carrier solvent for flavoring substances to some foods and beverages at a level up to 400 mg/kg (EC, 
2002).  In 2009, the FDA approved a 5% solution for treatment of head lice in patients 6 months of age 
and older (Concordia Pharmaceuticals, 2013; Buck, 2012; CDC, 2016).  At lower concentrations (0.9%), 
benzyl alcohol is available for use as a bacteriostatic preservative in intravenous solutions (Hospira, 
2016; Pediatrics in Review, 1984).   
 
Benzyl alcohol is found naturally in a number of plants, including some edible fruits (up to 5 mg/kg) and 
in green and black tea (1-30 and 1-15 mg/kg respectively) (EC, 2002).  It is also found in daffodils (165-
330 mg/kg), hyacinths (64-920 mg/kg), jasmine (120-228 mg/kg), rosemary (7-32 mg/kg), tangerines (1-2 
mg/kg), blueberries (0.01-0.08 mg/L in fruit juice).   
 
In addition to improvements in analytical technologies and techniques, it is possible that some of the 
increase in detected benzyl alcohol in Puget Sound can be explained by a growing use of this chemical in 
consumer products such as food, cosmetics, solvents, etc.  Seattle District attempted to address this 
possibility, but a significant amount of time and effort would be needed to investigate this question 
properly. 
 
The available literature regarding natural sources of benzyl alcohol focused exclusively on food and 
flowers.  Nothing was found that provided any insight into natural sources of benzyl alcohol in marine 
sediments.    
 
While no published scientific literature was found in which plant material from common Northwest 
species was analyzed for benzyl alcohol, there is strong evidence from a habitat restoration project at 
Boeing Plant 2 on the Duwamish Waterway.  Organic matter approved for use at this project was 
chemically analyzed.  The material was derived from a local source of “dark fines,” composed primarily 
of duff (i.e., leaves, branches, bark and stems from the forest floor) and other organic material cleared 
from forested areas.  In two samples taken from fully-aged and partially-aged stockpiles of these dark 
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fines, benzyl alcohol concentrations were 3,910 and 450 ug/kg, respectively2 (Floyd|Snider, 2013).  Note 
that the benzyl alcohol concentration in the fully-aged sample was nearly an order of magnitude greater 
than that in the partially-aged sample, which may indicate that benzyl alcohol is generated by decaying 
plant matter.   
 
Circumstantial evidence also exists from the four DMMP projects for which BPJ was used.  Visible 
organic matter (leaves, twigs, roots, etc.) was noted in the core/sample logs for all of these projects.  
This observation was used as one line of evidence to justify waiving biological testing for these projects.  
 
Based on the evidence in hand, we hypothesize that some or all of the benzyl alcohol found in many 
sediment samples has its origin in herbaceous or ligneous material from the terrestrial environment.  
 

Biodegradation 

Studies using the Organization for Economic Cooperation and Development biodegradation testing 
protocols has shown that benzyl alcohol is readily biodegradable, with 94% biodegradation measured in 
a standard 28-day test conducted under aerobic conditions (HSDB, 2016).  A shorter 7-day test (also 
under aerobic conditions) produced the same percentage of biodegradation (92-96%) (HSDB, 2016).  If 
released to water, benzyl alcohol is expected to undergo microbial degradation under aerobic and 
anaerobic conditions (EPA, 1993; Howard, 1993).  Using sediment from an anoxic salt marsh, benzyl 
alcohol underwent degradation to carbon dioxide and methane after a 2-month incubation period 
(Howard, 1993). 
 
Biodegradation also occurs readily in wastewater treatment facilities under both aerobic and anaerobic 
conditions.  Benzyl alcohol underwent 70% biological oxygen demand in 5 days under aerobic conditions 
using an acclimated mixed microbial culture (Howard, 1993).  Under anaerobic conditions, benzyl 
alcohol underwent 100% mineralization within two weeks when inoculated with municipal digester 
sludge (Howard, 1993).  The fraction of benzyl alcohol removed by wastewater treatment plants in the 
Puget Sound region is unknown.  While benzyl alcohol is readily biodegradable, the fraction removed 
depends on temperature and retention time, among other factors.  If benzyl alcohol is not completely 
removed, it will appear in the effluent discharged to the receiving waters.  For example, benzyl alcohol 
was detected in effluent samples from two of ten treatment plants in Illinois (Ellis, 1982)     
 
Benzoic acid is a degradation product of benzyl alcohol and is structurally very similar.  Benzoic acid 
biodegradability has been extensively studied with study results confirming that it too is readily 
biodegradable under both aerobic and anaerobic scenarios (HSDB, 2016).   
 
Like benzyl alcohol, benzoic acid has many industrial uses in the preservative and flavor industry 
(Wibbertmann et al, 2000).  It is also on the list of DMMP COCs for marine and freshwater sediments.  
The marine SL and ML for benzoic acid are 650 and 760 ug/kg, respectively.   
 
Both benzyl alcohol and benzoic acid are of low concern for bioaccumulation.  Benzyl alcohol’s reported 
range of octanol-water partitioning coefficients (log Kow) is relatively low: 1.00 to 1.16 (EPA, 1978; 
Montgomery, 2000).  The reported range of log Kow values for benzoic acid is slightly higher: 1.69 to 2.18 
(Montgomery, 2000).  Chemicals with low octanol-water partitioning coefficients (log Kow < 2.7) 

                                                           
2 Benzoic acid concentrations were also elevated at 5,600 and 3,630 ug/kg for the fully aged and partially-aged 
stockpiles, respectively.  The DMMP marine SL for benzoic acid is 650 ug/kg. 
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generally have low soil sorption, low bioaccumulative risk, high biodegradation rate, high solubility and 
greater mobility (Weiner, 2008). 
 
Our hypothesis is that benzyl alcohol in dredged material disposed at the DMMP open-water sites is 
biodegraded to benzoic acid within a short time span and poses a low bioaccumulative risk to benthic 
organisms. 
 
Geographic Distribution 

If common Northwest tree and plant species do contain benzyl alcohol, and debris from these trees and 
plants is entering marine waters via riverine or other discharges, then this chemical would be expected 
to be found throughout Puget Sound, including non-urban areas, geographically removed from possible 
industrial sources or wastewater outfalls.  And, since benzyl alcohol is readily biodegraded to benzoic 
acid, one would expect benzoic acid to co-occur with benzyl alcohol.  These hypotheses were 
investigated by plotting benzyl alcohol and benzoic acid data from Ecology’s Environment Information 
Management (EIM) database using ArcGIS.  The time span covered by the data was 1984-2015. 
 
Figures 3a-d show the detected occurrences of benzyl alcohol and benzoic acid in four non-urban 
embayments.  The four embayments shown – Carr Inlet, Dabob Bay, Holmes Harbor and Samish Bay – 
were used during development of the DMMP dioxin guidelines as non-urban reference areas, and are 
considered to represent background conditions in Puget Sound.  As can be seen from the figures, benzyl 
alcohol exceeded the DMMP SL in two of the reference embayments (Carr Inlet and Dabob Bay), with 
concentrations reaching as high as 281 ug/kg.  Benzoic acid (BZA) exceeded its marine SL in three of the 
embayments (Carr Inlet, Dabob Bay and Samish Bay), with concentrations as high as 1,700 ug/kg.  
 
Of note is the fact that benzyl alcohol and benzoic acid detections did not always co-occur in these 
reference areas.  Possible explanations include the complete biodegradation of benzyl alcohol to 
benzoic acid at those locations where only benzoic acid was detected, or fresh inputs of benzyl alcohol 
with storm-deposited woody debris at stations where only benzyl alcohol was detected.  Another 
possibility is that the analytical issues referred to earlier in this paper resulted in inaccurate 
measurements of one or both chemicals.  To test this hypothesis, co-occurrence of benzyl alcohol and 
benzoic acid was examined for data generated in 2011 or later, which presumably was generated using 
more advanced technologies and techniques than older data.  Figure 4 shows detected occurrences of 
benzyl alcohol and benzoic acid throughout Puget Sound since 2011.  Several observations can be made 
from this figure.  First, benzoic acid does co-occur at most stations where benzyl alcohol was detected.  
Second, benzyl alcohol was detected far less than benzoic acid and always near the shoreline.  Third, 
benzoic acid was much more widely distributed than benzyl alcohol, and in some areas − such as the San 
Juan Islands and Discovery Bay − was the only one of the two chemicals detected.  What this means in 
terms of sources and relative biodegradation rates of benzyl alcohol and benzoic acid will require 
additional investigation to understand.   
 
Disposal Site Monitoring Data 

The five non-dispersive DMMP disposal sites (Anderson-Ketron, Commencement Bay, Elliott Bay, Port 
Gardner, and Bellingham Bay) are monitored periodically to ensure that the DMMP disposal site 
management objectives are being met.  Monitoring includes chemical analysis of sediment samples 
taken from on-site stations as well as samples taken from perimeter stations located one-eighth of a 
nautical mile outside of the disposal site boundary.  Data from all 19 monitoring studies (DMMP, 2015c) 
conducted at the non-dispersive sites since establishment of the sites in 1988-89 were reviewed.  Benzyl 
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alcohol was not detected at any of the on-site and perimeter sampling stations during any monitoring 
event except one.  The non-detect reporting limits were below the SL in all cases.  In the one study in 
which benzyl alcohol was detected – Commencement Bay monitoring in 2007 (SAIC, 2008) – the 
detected concentrations ranged from 4.7 to 21 ug/kg (at 8 stations), which is well below the SL.  This 
finding is important, because it demonstrates that the evaluation procedures used by the DMMP 
agencies, including the use of BPJ for some projects, has not resulted in on-site benzyl alcohol 
concentrations exceeding the DMMP SL value (57 ug/kg).  
 
While benzyl alcohol was rarely detected at the disposal sites, benzoic acid was frequently detected.  
This finding provides further support for the hypothesis that any benzyl alcohol in disposed sediments is 
rapidly biodegraded to benzoic acid which is more persistent in the marine environment.  The last 
disposal event within a dredging year occurs at or before the end of the in-water work window, which is 
typically mid-February.  Sampling for monitoring studies tends to occur in late spring or early summer.  
This would leave several months for biodegradation of benzyl alcohol to occur, which could explain why 
benzyl alcohol is usually not detected at the disposal sites, while benzoic acid is detected.  It should be 
noted that while benzoic acid was found during many of the monitoring studies, it was never detected 
at concentrations exceeding its marine SL.   
 
It is important to note that the majority of the monitoring data for the disposal sites was generated prior 
to 2011.  Therefore, it is possible these data underestimate the sediment benzyl alcohol concentrations 
due to the analytical issues discussed earlier. 
 
Evaluation of Toxicity 

Our investigation supports the hypotheses that a natural source exists for at least some of the benzyl 
alcohol found in Puget Sound waters and that, regardless of the source, benzyl alcohol rapidly 
biodegrades to benzoic acid, which has a much higher SL.  Nevertheless, the DMMP agencies agreed 
that Seattle District should investigate the toxicity of benzyl alcohol to ensure that the disposal site 
management objective (Site Condition II − minor adverse effects) was not being exceeded, even for 
short periods, at the disposal sites.   
 
Two lines of investigation were pursued.  First, bioassay data from Ecology’s EIM, Seattle District’s 
Dredged Analysis Information System (DAIS), and Ecology’s Puget Sound Ambient Monitoring Program3 
(PSAMP) database that were associated with detected benzyl alcohol concentrations above the SL were 
reviewed.  Second, a literature review was conducted for ecotoxicity results associated with benzyl 
alcohol. 
 

Bioassay Data Findings   

The DMMP bioassays include the 10-day amphipod mortality test; 48-hour sediment larval development 
test; and the 20-day Neanthes mortality and growth test.  An additional bioassay, the sea urchin 
fertilization test, has been used in PSAMP.  Bioassay data for sediment samples with detected 
concentrations of benzyl alcohol above the DMMP SL were compiled from several sources in order to 
assess the relationship between benzyl alcohol concentrations and bioassay results.  These included 
Ecology’s EIM system and PSAMP database; Seattle District’s DAIS database; and the data report from a 
Lower Duwamish subsurface investigation conducted in 2012 (USACE, 2013).   
 

                                                           
3 PSAMP is now known as the Puget Sound Ecosystem Monitoring Program (PSEMP) 
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Bioassay results were evaluated for two subsets of samples – DMMP and PSAMP.  These subsets were 
evaluated separately because the PSAMP samples were all subjected to the sea urchin fertilization test, 
while the DMMP samples were subjected only to bioassays used within DMMP.  It should be noted that 
two of the studies (EBCHEM and HYLWD99-1) in the “DMMP” subset were not actually DMMP projects, 
but were subjected to DMMP bioassays only.  Toxicity was evaluated for DMMP samples by comparing 
bioassay results against the DMMP interpretation guidelines (DMMP, 2015b).  For the PSAMP samples, 
the toxicity interpretations assigned by PSAMP scientists were used.  The DMMP samples are discussed 
first, followed by the PSAMP samples.   
 
The ability to demonstrate sediment toxicity depends on the number of tests being run and the 
sensitivity of the organisms used.  The following sections present the bioassay data available for 
sediment samples with concentrations of benzyl alcohol exceeding the SL.  This dataset is relatively 
small and for many samples includes only a single bioassay.  Therefore, conclusions drawn from an 
evaluation of the data must be used with some degree of caution. 
 
DMMP samples.  For marine dredging projects evaluated by the DMMP agencies, two levels of 
biological response are defined for each bioassay.  A “2-hit” response is a minor response.  A 2-hit 
response is required in two or more bioassays in order for the sample to fail biological testing.  A “1-hit” 
response is a higher-intensity response.  Only one bioassay needs to exhibit a 1-hit response for a 
sediment sample to fail biological testing.   
 
DMMP samples with a detected benzyl alcohol concentration greater than the DMMP SL of 57 ug/kg 
and for which one or more DMMP bioassays were run were compiled.  This included 26 samples from six 
individual studies (Table 1).   
 
Of the 17 samples subjected to the entire suite of DMMP bioassays and passing, the highest 
concentration of benzyl alcohol was 290 ug/kg (sample LDW18 0-2.8C).  For this sample, there was a hit 
under the 2-hit rule for the larval test, but no corroborating hit in another bioassay.  Therefore, this 
sample passed biological testing.  Sample 1C06, with a concentration of 150 ug/kg, exhibited no hits at 
either hit-level for any of the DMMP bioassays.  One sample (EBCHEMEW-12), with a benzyl alcohol 
concentration of 870 ug/kg, was only subjected to the amphipod test, but exhibited neither a 1-hit nor 
2-hit level of response in that bioassay.  
 
The assessment of toxicity potentially attributable to benzyl alcohol was complicated by the fact that 
many of the samples also had one or more other co-occurring chemicals of concern exceeding SL.  Table 
2 lists the 10 samples that were subjected to the full suite of DMMP bioassays and for which the only 
chemical exceeding SL was benzyl alcohol.  All 10 samples passed biological testing.  There was only one 
sediment sample that failed bioassay testing for which the only chemical exceeding the screening level 
was benzyl alcohol.  This sample (EBCHEMWW-02) had a benzyl alcohol concentration of 8,800 ug/kg 
(Table 1), which is two orders of magnitude above the DMMP SL.   Only the amphipod test was run on 
this sample, but it exhibited a hit under the 1-hit rule.   
 
In summary, results from the DMMP samples support the hypothesis that benzyl alcohol alone is not 
toxic enough to cause DMMP bioassay testing failures at or near the current screening level.        
 
PSAMP samples.  Table 3 includes all the PSAMP records for which the sea urchin fertilization assay was 
conducted on samples with detected concentrations of benzyl alcohol above the DMMP SL. Five of the 
15 sediment samples listed in Table 3 were also subjected to the amphipod test.  The highest 
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concentration of benzyl alcohol (678 J ug/kg) occurred for sample UWI2007-202, which was found to be 
non-toxic in the fertilization test.   
 
The three samples that exhibited toxicity in the fertilization test had co-occurring chemicals of concern 
other than benzyl alcohol that were highly elevated, including phthalates, PAHs, phenolic compounds 
and dibenzofuran.  The one sample that exhibited toxicity in both the fertilization test and the amphipod 
test had a concentration of bis (2-ethylhexyl) phthalate of 8,300 ug/kg, which is equal to the DMMP 
maximum level.  Due to the multiple SL exceedances associated with cases of demonstrated toxicity in 
the fertilization test, nothing can be concluded about the contribution of benzyl alcohol to the toxicity 
observed in these three samples.  
 
The PSAMP sea urchin fertilization data provide further evidence that benzyl alcohol is not likely toxic at 
the DMMP SL.  Concentrations as high as 678 ug/kg were demonstrated to be non-toxic in this test, 
despite the presence of other COCs. 
 

Ecotoxicity Literature Data 

Benzyl alcohol is generally considered to be of relatively low toxicity to humans at low- to moderate- 
concentrations (HSDB, 2016).  In many mammals (including humans), benzyl alcohol is quickly oxidized 
to benzoic acid, conjugated with the amino acid glycine in the liver, and excreted as hippuric acid.  
However, this metabolic pathway may not be well developed in premature infants and is thought to be a 
factor in benzyl alcohol’s known toxicity in premature infants (Pediatrics in Review, 1984; HSDB, 2016). 
 
A survey of EPA’s online EcoTox database was performed to evaluate the aquatic ecotoxicity of benzyl 
alcohol.  Relevant aquatic toxicity studies for benzyl alcohol are limited to a few primary studies 
conducted prior to 2000 that exposed test species to various aqueous concentrations of benzyl alcohol.  
Attachment 1 contains a summary of the findings for studies with defined endpoints such as LC50 or 
EC50.  Benzyl alcohol concentrations for the observed LC, EC, or IC50 endpoints ranged from 10 mg/L (in 
fish) up to 892 mg/L (protozoa). 
 
Using the aqueous concentrations reported in the literature and the equilibrium partitioning model, the 
predicted sediment concentration (Csed) of a non-ionizable organic compound required to produce the 
measured aqueous concentration (Cw) can be calculated using the following equation: 
 

Csed = Cw x (Koc x foc) x (mg/1,000 ug)  
 

Where  
Koc = soil-water partition coefficient in terms of soil organic carbon (L/kg) 
foc = decimal fraction of organic carbon (unitless) 
Csed = soil/sediment concentration (ug/kg) 
Cw = aqueous concentration (mg/L) 

 

The above equilibrium partitioning model equation can be used to relate aqueous and bulk sediment 
concentrations for non-ionic organics.  Benzyl alcohol, a weak acid with a pKa of 15.4, is expected to 
behave predominantly as a non-ionic species in the pH range (pH = 8.0 - 8.1) typically encountered in the 
marine environment.  The parameters in the formula were assigned the following values: 
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Koc = 27 L/kg (Gerstl, 19904)       
foc = 0.01 (1%) 
 

Using the minimum (10 mg/L) and maximum (770 mg/L) effective concentrations for invertebrates and 
vertebrates in Attachment 1, the calculated equilibrium sediment concentrations are 2,700 ug/kg and 
208,000 ug/kg, respectively.  The minimum calculated equilibrium sediment concentration (2,700 ug/kg) 
is nearly two orders of magnitude greater than the current DMMP SL (57 ug/kg) and suggests that the 
current SL may be overly conservative. 
 
Note that in a sediment-porewater-water column scenario in which the sediment is the assumed 
primary source of the contaminant to the system, porewater concentrations are expected to exceed 
water column concentrations.  Thus, a higher sediment concentration may be required to produce toxic 
water column concentrations for the pelagic species listed in Attachment 1. 
 
Basis of Regulatory Guidelines for Benzyl Alcohol 

PSDDA/DMMP 

Benzyl alcohol was among the COCs for which apparent effects thresholds (AETs) were established in 
the 1980s to make clean-up decisions for contaminated sediment in Commencement Bay.  The database 
used to develop the AETs was later expanded to include chemical and biological data from areas outside 
of Commencement Bay.  The AETs derived from the larger database became the basis for the PSDDA 
chemical evaluation guidelines.  The AET approach identified concentrations of contaminants that were 
associated with adverse biological effects.  However, the empirical relationships used to establish AETs 
did not prove a cause-and-effect relationship between contaminants and effects (Tetra Tech, 1986).  
This was primarily due to the multiple COCs present in sediment samples and the potential for 
synergistic effects.   
 
The highest AET (HAET) for four biological indicators was used to establish a PSDDA maximum level (ML) 
for most, but not all, of the COCs.  For the majority of the COCs with an ML, the SL was initially set equal 
to 10% of the ML or to the lowest AET (LAET), whichever was lower.  For some chemicals, such as benzyl 
alcohol, 10% of the ML was lower than the concentration in sediment from a reference area.  In those 
cases, the SL was set equal to the reference concentration.  The original SL and ML for benzyl alcohol 
were 10 and 73 ug/kg respectively (PSDDA, 1988).  The 10 ug/kg value likely represented a reporting 
limit, although documentation for this could not be found.  The SL for benzyl alcohol was raised to 25 
ug/kg in 1994, likely due to difficulties routinely achieving lower analytical reporting limits.  In 1997, the 
AETs were recalculated and the SL and ML for benzyl alcohol were set at their current concentrations of 
57 and 870 ug/kg respectively (DMMP, 1997).  The practice of setting the SL equal to 10% of the ML was 
abandoned at that time and the SL for benzyl alcohol was set equal to the LAET instead.  Attachment 2 
lists the AETs used to select the current benzyl alcohol SL and ML. 
 

                                                           
4 Gerstl (1990) reported an empirically derived log Koc of 1.43 for benzyl alcohol.  This was the only empirically-
derived log Koc found in the literature survey.  For comparison, the log Kow for benzyl alcohol in the literature 
ranges from 1.00 to 1.16 (EPA, 1978; Montgomery, 2000). Using Di Toro’s equation (log Koc = 0.983 log Kow + 
0.00028) for non-ionizable, semivolatile organic compounds and a log Kow of 1.1 (EPA, 1978), a log Koc of 1.08 can 
be computed.  This equates to a Koc of 12.07 L/kg.  Using this value for Koc, calculated sediment concentrations for 
the range of toxicity concentrations reported in the literature for invertebrates and vertebrates range from 1,200 
to 93,900 ug/kg.  
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SMS 

The State of Washington also adopted the AET approach for development of its Sediment Management 
Standards (SMS).  The SMS rule was originally adopted in 1991, with subsequent amendments in 1995 
and 2013.  Under the current SMS, the sediment quality standard (SQS) and cleanup screening level 
(CSL) for benzyl alcohol are 57 and 73 ug/kg respectively (Ecology, 2013).  Both the DMMP SL and SMS 
SQS are set equal to the LAET.  However, unlike DMMP, which set the ML equal to the HAET, the CSL 
was set equal to the second lowest AET.  
 

The Role of Benzyl Alcohol in Development of the AETs 

There is evidence that the early developers of the 1988 AETs were aware that, unlike metals and PAHs, 
benzyl alcohol was not a major chemical player driving AET sensitivity.  Barrick (1988; page 57) states 
(bold emphasis added): 
 
“The following chemical groups do not uniquely account for predicted impacts for either the amphipod 
bioassay or benthic infauna AET: 
 

- Miscellaneous organic compounds including pentachlorophenol, resin acids, organic bases (e.g., N-
nitrosodiphenylamine), and several Hazardous Substance List compounds including 2-
methylnaphthalene, dibenzofuran, benzoic acid, benzyl alcohol (low detection limits for the latter 
two compounds are sometimes difficult to attain but may not be essential).” 
 
Other State and Federal Guidelines 

A survey of other state and federal agency guidelines for the regulation of contaminants in marine 
sediments indicates that benzyl alcohol appears to be of little or no concern outside of Washington 
State.  Of four states identified with marine sediment quality evaluation criteria (Alaska, California, New 
York, and Florida), none included a screening level for benzyl alcohol (ADEC, 2001, 2013; NJDEP, 2009, 
2015; CDWR, 1995; MacDonald, 1994; NYSDEC, 2014).  Among federal agencies, the well-known 
National Oceanic and Atmospheric Administration (NOAA) Effects Range-Low (ERLs) and Effects Range-
Median (ERMs) sediment quality guidelines also do not include values for benzyl alcohol (NOAA, 1999; 
2008).  
 

Summary 

In the past few years, the DMMP agencies have seen an increase in the number of projects with 
detected benzyl alcohol concentrations that exceed the SL.  Evidence exists that this phenomenon may 
be tied to recent improvements in analytical technologies and techniques.  Multiple lines of evidence 
suggest the occurrence of benzyl alcohol is not a significant cause of concern to the DMMP agencies: 
 

• Benzyl alcohol likely occurs naturally in plant-derived material in marine sediment. 
• Benzyl alcohol is likely readily biodegraded in the marine environment. 
• Benzyl alcohol detections are widespread in Washington State and have been found in both 

urban and non-urban areas. 
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• Benzyl alcohol has seldom been detected at the DMMP non-dispersive disposal sites during 
monitoring5. 

• Bioassay data indicate that benzyl alcohol has low toxicity. 
• Sediment benzyl alcohol concentrations derived from aquatic toxicity data using equilibrium 

partitioning are more than two orders of magnitude greater than the current SL. 
 

Proposed Action/Modification 

On the basis of the above lines of evidence, the DMMP agencies do not believe that benzyl alcohol is a 
chemical of significant concern at the concentrations found in many dredging projects.  The DMMP 
agencies recommend re-evaluation of the current SL for benzyl alcohol, including possible recalculation 
of the AETs or use of other benthic toxicity modeling tools, to update the DMMP evaluation guidelines 
for this COC.  In the meantime, the information presented in this paper will be used to inform any future 
use of best professional judgment to determine the need for biological testing when benzyl alcohol is 
the only COC exceeding SL.   
 

Implication for other DMMP COCs 

Other chemicals that are known to occur or are suspected of occurring naturally include benzoic acid, 
phenol, 2-methylphenol (o-cresol), 4-methylphenol (p-cresol), and 2,4-dimethylphenol.  These chemicals 
have occasionally been the only COCs exceeding SL for DMMP projects but, so far, this has not occurred 
with the frequency seen for benzyl alcohol.  However, given the evidence provided in this paper of the 
wide distribution of benzoic acid, and detections of benzoic acid in reference embayments at 
concentrations exceeding the SL, it is very possible that such cases will be encountered in the future, 
especially for benzoic acid.  The DMMP agencies will continue to investigate these COCs to determine 
the appropriateness of using best professional judgment as has been proposed here for benzyl alcohol.  
Results of further investigations will be presented in SMARM papers as necessary.  
 

 

  

                                                           
5 Caveat:  the majority of the monitoring data for the disposal sites was generated prior to 2011.  Therefore, it is 
possible these data underestimate the sediment benzyl alcohol concentrations due to the analytical issues 
discussed in this paper. 



Final DMMP Clarification Paper  June 6, 2016 
 

 

References 

ADEC, 2011.  Sediment Quality Guideline Options for the State of Alaska, Division of Spill Prevention and Response, 
Contaminated Sites Remediation Program, May 2001. Alaska Department of Environmental Conservation. 
 
ADEC, 2013.  Technical Memorandum – Sediment Quality Guidelines (SQG), January 2013.  Alaska Department of 
Environmental Conservation. 
 
AMEC, 2015. Draft Corrective Measure Implementation Report, Duwamish Sediment Other Area and Southwest 
Bank Corrective Measure, Boeing Plant 2, Seattle/Tukwila, Washington.  Prepared for the Boeing Company. 
November 2015. 
 
Barrick, R., S. Becker, L. Brown, and R. Pastorok, 1988. Sediment Quality Values Refinement, Volume I. 1988 
Update and Evaluation of Puget Sound AET. Prepared for the U.S. Environmental Protection Agency, Region 10, 
Office of Puget Sound, Seattle, Washington. 
 
Buck, M. L., 2012. New Options for Eradicating Resistant Head Lice, Pediatric Pharmacology, 18(6), 2012. Accessed 
March 16, 2016 from http://www.medscape.com/viewarticle/766530_2. 
 
CDC, 2016. Treatment information for Head Lice.  Centers for Disease Control and Prevention.  Accessed March 16, 
2016 at http://www.cdc.gov/parasites/lice/head/treatment.html. 
 
CDWR, 1995. Compilation of Sediment & Soil Standards, Criteria & Guidelines, Quality Assurance Technical 
Document 7, February 1995.  California Department of Water Resources. 
 
Concordia Pharmaceuticals Inc., 2013. Ulesfia® Lotion prescribing information, Revised 09/2013. Accessed March 
16, 2016 from: http://www.ulesfialotion.com/pdf/Ulesfia_Prescribing_Information.pdf 
 
DMMP, 1997. Revisions to DMMP Screening and Maximum Level Guidelines. An Issue Paper prepared for the 
CSMP agencies by Tom Gries (Department of Ecology).   
 
DMMP, 2011. Determination regarding the suitability of federal operation and maintenance dredged material from 
the Duwamish River, Seattle, King County, Washington evaluated under Section 404 of the Clean Water Act for 
Beneficial use or unconfined open-water disposal at the Elliott Bay nondispersive site, July 22, 2011. 
 
DMMP, 2012. DMMP Suitability Determination for proposed maintenance dredged material from the Snohomish 
River, Everett, Snohomish County, Everett (CENWS OD-TS-NS-35, Dated July 20, 2011) for unconfined open-water 
disposal at the Port Gardner nondispersive site or at an approved beneficial use or upland site, January 30, 2012. 
 
DMMP, 2014a. Determination regarding the suitability of proposed dredged material from La Connor Marina for 
unconfined open-water disposal at the Port Gardner nondispersive site. October 20, 2014. 
 
DMMP, 2014b. Determination regarding the suitability of proposed dredged material from the Shelter Bay Marina, 
La Connor, WA, evaluated under Section 404 of the Clean Water Act for unconfined open-water disposal at the 
Rosario Strait disposal site. December 9, 2014. 
 
DMMP, 2015a. Determination regarding the suitability of proposed dredged material from the Bellingham Cold 
Storage, Squalicum Waterway, Bellingham, Washington (NWS-2015-785), for open-water disposal at the Rosario 
Strait dispersive disposal site. October 29, 2015. 
 
DMMP, 2015b. Dredged Material Evaluation and Disposal Procedures – User Manual, November 2015.  Prepared 
by Seattle District Dredged Material Management Office for the Dredged Material Management Program agencies. 
 

http://www.medscape.com/viewarticle/766530_2
http://www.cdc.gov/parasites/lice/head/treatment.html
http://www.ulesfialotion.com/pdf/Ulesfia_Prescribing_Information.pdf


Final DMMP Clarification Paper  June 6, 2016 
 

 

DMMP, 2015c.  Dredged Material Management Program Biennial Report – Dredging Years 2014/2015 (Table 5-8).  
Prepared by the DMMP agencies, 2015. 
 
EC, 2002.  Opinion of the Scientific Committee on Food – Benzyl Alcohol.  European Commission, Health and 
Consumer Protection Directorate-General, Scientific Committee on Food.  SCF/CS/ADD/FLAV/78 Final, 17 Sept 
2002. 
 
Ecology, 2013. Sediment Management Standards. Chapter 173-204 WAC. Revised February 2013, Effective 
September 2013. Publication no. 13-09-055. 
 
Ellis, D., C. Jone, R. Larson and D. Schaeffer, 1982.  Organic Constituents of Mutagenic Secondary Effluents from 
Wastewater Treatment Plants.  Arch. Environm. Contam. Toxicol. 11, 373-382. 1982. 
 
EPA, 1989. Health and Environmental Effects Document for Benzyl Alcohol. EPA/600/8-90/033, September 1989. 
Accessed March 16, 2016 at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=38729 
 
EPA, 1998. Test Methods for Evaluating Solid Waste: Physical/Chemical Methods (SW-846): Method 8270D: 
Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Revision 4, January 1998. 
 
EPA, 2015. ECOTOX Database. Accessed February 2016 at https://cfpub.epa.gov/ecotox/. 
 
Floyd|Snider, 2013. Memorandum Re: Request for Approval of Compost for Use in the Habitat Projects. To: Holly 
Arrigoni, USEPA RPM-RCRA and the Natural Resources Trustees, April 15, 2013. 
 
Gerstl, Z. 1990. Estimation of Organic Chemical Sorption by Soils. J. Contam. Hydrol. 11990, 6(4), 357-376. 
 
HPD, 2016. Household Products Database.  National Institutes of Health, U.S. National Library of Medicine. 
Accessed March 16, 2016 at http://hpd.nlm.nih.gov/ 
 
HSDB, 2016.  Hazardous Substances Data Bank.  A TOXNET Database.  National Institutes of Health, U.S. National 
Library of Medicine.  Accessed March 16, 2016 at: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB. 
 
Hospira Brand. Product description for Bacteriostatic Water 30 mL vial. Accessed March 16, 2016 from 
http://bacteriostaticwater.com/ 
 
Howard, P. (ed.), 1993.  Handbook of Environmental Fate and Exposure Data for Organic Chemicals – Volume IV, 
Solvent 2.  Lewis Publishers, 1993.  ISBN 0-87371-413-X. 
 
MacDonald, D.D., 1994. Approach to the Assessment of Sediment Quality in Florida Coastal Waters, Volume 1 – 
Development and Evaluation of Sediment Quality Assessment Guidelines. Prepared for Florida Department of 
Environmental Protection, November 1994. 
 
Montgomery, J., 2000.  Groundwater Chemicals Desk Reference, Third Edition.  Lewis Publishers, 2000. ISBN 1-
56670-498-7. 
 
NJDEP, 2009. Ecological Screening Criteria Table, Updated 10 March 2009. Accessed 25 February 2016 at 
http://www.nj.gov/dep/srp/guidance/ecoscreening/. 
 
NJDEP, 2015. Ecological Evaluation Technical Guidance, Site Remediation Program, Version 1.3, February 2015.  
New Jersey Department of Environmental Protection. 
 
NOAA, 1999. Sediment Quality Guidelines developed for the National Status and Trends Program. 
 

http://hpd.nlm.nih.gov/
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://www.nj.gov/dep/srp/guidance/ecoscreening/


Final DMMP Clarification Paper  June 6, 2016 
 

 

NOAA, 2008. Screening Quick Reference Tables (SQuiRTs). Available at 
http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html 
 
NYSDEC, 2014. Screening and Assessment of Contaminated Sediment, June 24, 2014.  New York State Department 
of Environmental Conservation. 
 
Pediatrics in Review, 1984. Benzyl Alcohol as Preservative for Intravenous Solutions, Vol. 6, no. 5, November 1984. 
Accessed March 16, 2016 from http://pedsinreview.aappublications.org/content/6/5/139; full pdf from 
http://pedsinreview.aappublications.org/content/pedsinreview/6/5/139.full.pdf 
 
PSDDA, 1988.  Evaluation Procedures Technical Appendix – Phase I (Central Puget Sound).  Prepared by the Puget 
Sound Dredged Disposal agencies:  U.S. Army Corps of Engineers – Seattle District; U.S. Environmental Protection 
Agency – Region 10; Washington Department of Ecology; Washington Department of Natural Resources.  June 
1988.  
 
SAIC, 2008.  2007 Full Monitoring at the Commencement Bay Non-Dispersive Unconfined Open-Water Dredged 
Material Disposal Site – Data Report.  Prepared for Washington State Department of Natural Resources by Science 
Applications International Corporation, April 2, 2008. 
 
S. McGroddy, 2016.  Personal Communication. Email and phone conversation(s) with Susie McGroddy of Windward 
Environmental in February-March 2016. 
 
Tetra Tech, 1986.  Development of Sediment Quality Values for Puget Sound.  Prepared for the Puget Sound 
Dredged Disposal Analysis Agencies and Puget Sound Estuary Program by Tetra Tech, Inc.  September, 1986. 
 
USACE, 2013.  Data Report – Lower Duwamish Waterway, East Waterway, and West Waterway Subsurface 
Sediment Characterization. Seattle, Washington. Prepared for U.S. Army Corps of Engineers, Seattle District by HDR 
Engineering, Inc.; Science and Engineering for the Environment, LLC; and Ken Taylor Associates, Inc.  May 17, 2013. 
 
Weiner, E. R., 2008. Applications of Environmental Aquatic Chemistry: A Practical Guide, 2nd Edition, CRC Press, 
2008. 
 
Wibbertmann, A., J. Kielhorn, G. Koennecker, I. Mangelsdorf and C. Melber, 2000.  Benzoic Acid and Sodium 
Benzoate.  World Health Organization, Geneva, 2000. 
 
 
 
 
 
 

 

http://pedsinreview.aappublications.org/content/6/5/139


Final DMMP Clarification Paper  June 6, 2016 
 

 

Figure 1.  Benzyl Alcohol Detects and Non-detects Greater than the SL by Biennial Report Year 

 

 

Figure 2.  Occurrence of Benzyl Alcohol Detections in Lower Duwamish Sediment Samples 
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Figure 3a.  Detected Benzyl Alcohol and Benzoic Acid in Carr Inlet (data from EIM) Figure 3b.  Detected Benzyl Alcohol and Benzoic Acid in Dabob Bay (data from EIM) 



 

 
Figure 3c.  Detected Benzyl Alcohol and Benzoic Acid in Holmes Harbor (data from EIM) Figure 3d.  Detected Benzyl Alcohol and Benzoic Acid in Samish Bay (data from EIM)
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Table 1. DMMP Bioassay Results for Benzyl Alcohol Concentrations Greater than the Screening Level (57 ug/kg) 

 Study_ID Year Sample ID Location 
Benzyl Alcohol 

Value (ug/kg) LQ Amphipod Larval Neanthes 
Overall 

Interpretation 
Other SL 

exceedances 

fu
ll 

su
ite

 o
f D

M
M

P 
bi

oa
ss

ay
s 

DUW111BF308 2011 DMMU 4 DNC - Section A 60   Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 12 DNC - Section B 66   Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 17 DNC - Section B 68   Pass 2-hit Pass Pass none 
DUW111BF308 2011 DMMU 11 DNC - Section B 72   Pass 2-hit Pass Pass DDT 

HYLWD99-1 1999 HYLWD99S15 Hylebos Waterway 75 J no data Pass Pass Pass BBP, PCBs 
DUW111BF308 2011 DMMU 5 DNC - Section A 82   Pass 2-hit Pass Pass none 

LDSI 2012 LDW07 2-4C2 Lower Duwamish 84   Pass 2-hit Pass Pass PCBs 
LDSI 2012 LDW08 0-4C1 Lower Duwamish 84 J Pass 2-hit Pass Pass PCBs 

DUW111BF308 2011 DMMU 7 DNC - Section A 86   Pass 2-hit Pass Pass none 
DUW111BF308 2011 DMMU 10 DNC - Section B 91   Pass Pass Pass Pass none 

LDSI 2012 LDW09 0-2.1C Lower Duwamish 120   Pass 2-hit Pass Pass PCBs 
LDSI 2012 LDW11 0-3.2C Lower Duwamish 130   Pass 2-hit Pass Pass PCBs 

DUW111BF308 2011 DMMU 8 DNC - Section B 140   Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 9 DNC - Section B 140   Pass Pass Pass Pass none 
PST181BF112 1996 1C06 Seattle Harbor EW 150 D Pass Pass Pass Pass TBT, numerous PAHs, dibenzofuran, PCBs 

DUW111BF308 2011 DMMU 6 DNC - Section A 200   Pass 2-hit Pass Pass none 
LDSI 2012 LDW07 0-2C1 Lower Duwamish 200   Pass 2-hit Pass Pass PCBs 
LDSI 2012 LDW18 0-2.8C Lower Duwamish 290   Pass 2-hit Pass Pass none 

EWSIA1CF181 2002 S1A-CMP-3 Seattle Harbor EW 92 J 1-hit Pass Pass Fail Hg, TBT, fluoranthene, pyrene, PCBs 

LDSI 2012 LDW13 2-7.2C2 Lower Duwamish 100   Pass 1-hit Pass Fail PCBs 
LDSI 2012 LDW16 0-2.5C Lower Duwamish 130   Pass 1-hit Pass Fail PCBs 
LDSI 2012 LDW17 0-3.5C Lower Duwamish 160   Pass 1-hit Pass Fail PCBs 

am
ph

ip
od

 
te

st
 o

nl
y 

EBCHEM 1985 EBCHEMWW-08 Elliott Bay 140 J 2 pass/2 fail1 no data no data ND BBP, Hg 
EBCHEM 1985 EBCHEMEW-12 Elliott Bay 870 J Pass no data no data ND chrysene 

EBCHEM 1985 EBCHEMSS-03 Elliott Bay 1300 J 1-hit no data no data Fail numerous metals and PAHs 

EBCHEM 1985 EBCHEMWW-02 Elliott Bay 8800 J 1-hit no data no data Fail none 
 

           1There were four reference sediment samples run. The pass/fail interpretation of this sample depends on which reference it is compared to. 
 

DNC = Duwamish Navigation Channel LQ = lab qualifier BBP = butyl benzyl phthalate 

EW = East Waterway D = diluted sample Hg = mercury 

LDSI = Lower Duwamish Subsurface Investigation J = estimate PAHs = polyaromatic hydrocarbons 

  PCBs = polychlorinated biphenyls 

ND = no determination ug/kg = micrograms/kilograms TBT = tributyltin 

 



 

 

 

 

Table 2. Samples Subjected to Full Suite of DMMP Bioassays and for which Benzyl Alcohol was the only SL Exceedance 

 
Study ID 

 
Year 

 
Sample ID 

Benzyl Alcohol 
Value (ug/kg) 

 
LQ 

 
Amphipod 

 
Larval 

 
Neanthes 

 
Overall 

 
other SL exceedances 

DUW111BF308 2011 DMMU 4 60  Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 12 66  Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 17 68  Pass 2-hit Pass Pass none 
DUW111BF308 2011 DMMU 5 82  Pass 2-hit Pass Pass none 
DUW111BF308 2011 DMMU 7 86  Pass 2-hit Pass Pass none 
DUW111BF308 2011 DMMU 10 91  Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 8 140  Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 9 140  Pass Pass Pass Pass none 
DUW111BF308 2011 DMMU 6 200  Pass 2-hit Pass Pass none 

LDSI 2012 LDW18 0-2.8C 290  Pass 2-hit Pass Pass none 
LDSI = Lower Duwamish Subsurface Invest. LQ = lab qualifier 

ug/kg = micrograms/kilograms



 

 

 
Table 3.  PSAMP Bioassays 

 
Sample ID 

 
Location 

PSAMP 
stratum 

Benzyl Alcohol 
Value (ug/kg) 

 
LQ 

Amphipod 
(E. estuarius ) 

sea urchin 
fertilization 

Overall 
interpretation 

 
other SL exceedances 

UWI2007-183 Elliott Bay, Pier 54 Harbor 58 J Not Tested Non-Toxic Non-Toxic 2,4-dimethylphenol (53 J ug/kg); benzoic acid (1,160 J ug/kg) 

PSAMP_SP-41 Port Angeles Urban 66 J Non-Toxic Non-Toxic Non-Toxic phenol (1,230 ug/kg) 

PSAMP_SP-323 Coon Bay Basin 70 NJ Not Tested Non-Toxic Non-Toxic benzoic acid (966 J ug/kg) 

PSAMP_SP-55 Possession Sound Rural 81 J Not Tested Non-Toxic Non-Toxic 2,4-dimethylphenol (39 J ug/kg) 

UWI2010-53 Bellingham Bay Urban 89 J Moderate Toxicity Moderate Toxicity Moderate Toxicity bis (2-ethylhexyl) phthalate (8,300 ug/kg) 

PSAMP_SP-177 Discovery Bay Rural 100 J Non-Toxic Non-Toxic Non-Toxic none 

PSAMP_SP-405 Boundary Bay Basin 108 J Non-Toxic Non-Toxic Non-Toxic 2,4-dimethylphenol (86 J ug/kg); 2-methylphenol (76 ug/kg) 

PSAMP_SP-128 Sisters Point Rural 112 J Not Tested Non-Toxic Non-Toxic phenol (1,480 ug/kg) 

PSAMP_SP-224 Mosquito Point Basin 120 J Not Tested Non-Toxic Non-Toxic di-n-butyl phthalate (1,760 ug/kg); phenol (1,340 ug/kg) 

PSAMP_SP-118 Shoofly Creek Rural 128 J Not Tested Non-Toxic Non-Toxic di-n-butyl phthalate (1,980 ug/kg); phenol (1,780 ug/kg) 

PSAMP_SP-83 South Port Townsend Urban 141 J Non-Toxic Non-Toxic Non-Toxic phenol (1,200 J ug/kg) 

 
PSAMP_SP-367 

 
Middle Everett Harbor 

 
Harbor 

 
171 

 
J 

 
Not Tested 

 
High Toxicity 

 
High Toxicity 

chrysene (1,910 ug/kg); dibenzofuran (888 ug/kg); fluoranthene (4,300 ug/kg); 
2-methylphenol (104 ug/kg); pyrene (3,250 ug/kg) 

PSAMP_SP-96 Sund Creek Basin 210 J Not Tested Moderate Toxicity Moderate Toxicity di-n-butyl phthalate (2,990 ug/kg); phenol (1,180 ug/kg) 

UWI2007-203 Duwamish River, North Harbor 371 J Not Tested Non-Toxic Non-Toxic 2,4-dimethylphenol (181 ug/kg); 2-methylphenol (212 J ug/kg) 

UWI2007-203 Duwamish River, North Harbor 382 J Not Tested Non-Toxic Non-Toxic 2,4-dimethylphenol (181 ug/kg); 2-methylphenol (212 J ug/kg) 

 
 

UWI2007-202 

 
 

East Waterway, South End 

 
 

Harbor 

 
 

678 

 
 
J 

 
 

Not Tested 

 
 

Non-Toxic 

 
 

Non-Toxic 

2,4-dimethylphenol (330 ug/kg); benzoic acid (2,040 J ug/kg); 
butyl benzyl phthalate (86 J ug/kg); bis (2-ethylhexyl) phthalate (2,150 ug/kg); 
fluoranthene (1,110 ug/kg); 2-methylphenol (372 J ug/kg); PCBs (574 ug/kg) 

 

ug/kg = micrograms/kilograms LQ = lab qualifier PCBs = polychlorinated biphenyls 

 J = estimate  

 
N = there is evidence that the analyte is present in the 
sample 
 

 

   

   

 
 
 
 
 



Attachment 1

Benzyl Alcohol Aquatic Toxicity Literature Summary
Compilation of relevant aquatic toxicity data available from EPA's EcoTox database*

Special features Effect Endpoint
Effective 

Concentration Mean Units Reference Notes
Cyanobacteria
Anabaena inaequalis blue-green algae 3-h EC50 >100,000 ug/L Stratton & Corke (1982) photosynthesis reduction
Anabena variabilis blue-green algae Population 2-h EC50 >100,000 ug/L Stratton & Corke (1982) photosynthesis reduction
Anabaena cylindrica blue-green algae 3-h EC50 >100,000 ug/L Stratton & Corke (1982) photosynthesis reduction

Algae
Scenedesmus quadricauda green algae Population 3-h EC50 >100,000 ug/L Stratton & Corke (1982)
Chlorella pyrenoidosa green algae Population 3-h EC50 >100,000 ug/L Stratton & Corke (1982)

Protozoa

Tetrahymena pyriformis Ciliate pH 7.35 Population 2-day IC50 891,880 ug/L Schultz et al (1996)
Cell multiplication inhibition test.  Inhibition 
concentration to 50% of test organisms

2-day IC50 853,470 ug/L Schultz et al (1996) Life stage unknown

Invertebrates: Crustacea
Daphnia magna Water flea Behavior 24-hr EC50 55,000 ug/L Bringman & Kuhn (1982)

Vertebrata: Fish
Pimephales promelas Flathead minnow juveniles Mortality 4-day LC50 460,000 ug/L Mattson et al (1976)

juveniles Mortality 24-h LC50 770,000 ug/L Mattson et al (1976)
juveniles Mortality 1-h LC50 770,000 ug/L Mattson et al (1976)
juveniles Mortality 2-day LC50 770,000 ug/L Mattson et al (1976)
juveniles Mortality 3-day LC50 480,000 ug/L Mattson et al (1976)

Mortality 45-min LC100 1,050,000 ug/L Terhaar et al (1972) 100% mortality or 0% survival of organism
Lepomis macrochirus Bluegill pH 7.6 - 7.9 Mortality 4-day LC50 10,000 ug/L Dawson et al (1977)
Leuciscus idus Ide Mortality LC50 646,000 ug/L Knie et al (1983) exposure duration not reported
Menidia beryllina Inland silverside pH 7.6 - 7.9 Mortality 4-day LC50 10,000 ug/L Dawson et al (1977)

Notes:
*Accessed February 2016
EC = Effective Concentration
LC = Lethal Concentration
IC = Inhibitory Concentration
Lowest LC50 or EC50 in bold.



Attachment 2

Benzyl Alcohol AETs

Gries, 1997 states:

Amphipod Oyster Benthic Microtox
1986 AETs 73 73 73 57
1988 AETs 870 73 870 57
1994 AETs 73 na na na

LAET HAET Current SL Current ML
Benzyl Alcohol 57 870 57 870

"Agencies are using 1994 amphipod, 1988 benthic, 1986 Microtox, and 
1986 oyster AETs to determine LAETs."
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