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LOWER PASSAIC RIVER RESTORATION PROJECT

REPORT OF PEER REVIEW OF CONCEPTUAL SITE MODEL

1.0 INTRODUCTION

In May 2008, Malcolm Pirnie presented a draft Comprehensive Conceptual Site Model
(CSM) for the Lower Passaic River Restoration Project to six peer reviewers, chosen as
experts in their fields. The CSM is an important decision-making tool in the U.S.
Environmental Protection Agency’s (EPA’s) evaluation of a Source Control Action on
the sediments of the lower eight miles of the Passaic River. The CSM developed a
comprehensive model of the fate and transport of contaminants into and out of the
sediments of the Lower Passaic River estuary from an extensive database of historical
and recent data. The report analyzed sediment, water column and biota data from within
the Lower Passaic River, as well as in sources of contaminants coming from tributaries,
combined sewer overflows/storm water outfalls (CSO/SWOs), and the interconnected
water bodies of Newark Bay and the Upper Passaic River. The CSM included a
simultaneous Empirical Mass Balance (EMB) of solids and chemicals, along with an
associated single-layer box model used to predict future sediment concentrations for a
number of contaminants of potential concern (COPC) under various remediation options

being evaluated for the Source Control Action.

EPA is evaluating taking a Source Control Action on the sediments of the lower eight
miles of the Passaic River while a full Remedial Investigation/Feasibility Study (RI/FS)
of the 17-mile, tidal portion of the Passaic River is on-going in the long term. A Focused
Feasibility Study (FFS) is being developed to document that evaluation, including a risk
assessment, detailed description of remedial alternatives and this Comprehensive CSM,

once it is revised in accordance with peer review comments.

The reviewers were charged to comment on the CSM report and its conclusions to clarify
any uncertainties or technical limitations in the draft report, so that the CSM report could
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be revised to reflect sound technical information and analysis for use in EPA’s Source
Control Action evaluation. The peer reviewers were not expected to review the FFS or
any other documents associated with the Source Control Action, although such

documents were available publicly on the project web site, www.ourPassaic.org.

The review was structured as a “letter peer review” in accordance with the 2006 EPA
Peer Review Handbook (EPA/100/B-06/002), which means that the panel members
performed their review and provided their written comments separately, without
physically convening. However, the reviewers were provided contact information for
each of the panel members and encouraged to collaborate as desired by telephone and e-
mail. The CSM report was delivered to the peer reviewers on May 31, 2008 and was
accompanied by a set of charge questions for the reviewers to answer (presented in
Section 3.0). Malcolm Pirnie convened an orientation conference call on June 4, 2008 to
introduce the report and clarify the charge to the peer reviewers. During this call, the peer
reviewers requested that Malcolm Pirnie provide them with the spreadsheets used to
develop the EMB and the forecast trajectories. The spreadsheets were sent on June 11,
2008.

On June 18, 2008, Malcolm Pirnie convened a midpoint conference call with all of the
reviewers, EPA and the U.S. Army Corps of Engineers (USACE) to follow up on
progress and discuss any early issues. The peer reviewers’ comment reports were due by
June 27, 2008, and all comment reports were received by July 1, 2008, with a few

supplemental comments received through July 7, 2008.

On July 9, 2008, Malcolm Pirnie convened a final conference call with the peer
reviewers, EPA, USACE and consultants representing the New Jersey Department of
Environmental Protection (NJDEP). The purpose of this call was to address conflicting
comments submitted by the reviewers and to discuss recommendations on a path forward
for EPA.

This report contains the peer reviewer’s comments (Attachment A) and a compilation of

the comments by topic, with responses (Attachment B). Chapter 2 below identifies the
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peer reviewers and their fields of expertise, while Chapter 3 presents the charge to the
peer reviewers at the start of their work. Chapter 4 summarizes several key issues
distilled from the written comments and addressed in the final call. Chapter 5 describes
several broad conclusions discussed during the summation of the peer review final call

and Chapter 6 summarizes the actions that EPA has taken to address those conclusions.

20 PEER REVIEWERS

The six reviewers are listed in this section along with a short biography outlining their
experience and background as applicable to the CSM.

Richard Bopp is an Associate Professor in the Department of Earth and Environmental
Sciences at Rensselaer Polytechnic Institute. His educational background includes
training in geological sciences and chemistry from Columbia University and the
Massachusetts Institute of Technology. His areas of research include the analysis of
persistent contaminants of concern in the Lower Passaic River and the dating of sediment
cores using the analysis of radionuclides to determine contaminant level chronologies in
water systems. Dr. Bopp has done extensive research in the Lower Passaic River, Dundee
Lake and other nearby rivers, bays and estuaries. He served on the New York-New Jersey
Harbor Estuary Contaminant Assessment and Reduction Program (CARP) Model
Evaluation Group (MEG) and on the Lower Passaic River Restoration Project’s
Technical Advisory Committee (TAC). However, he was not involved in the day-to-day
work of developing the May 2008 CSM and thus was not prohibited from performing this

peer review, in accordance with the EPA Peer Review Handbook.

Bruce Brownawell is an Associate Professor at State University of New York at Stony
Brook. His educational background is in Chemistry and Oceanography, and he holds
degrees from DePaul University and the Massachusetts Institute of Technology. Dr.
Brownawell’s research has included sediment transport study and modeling, as well as

studies of persistent chemicals in marine or estuarine environments. He served on the
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CARP MEG and on this project’s TAC. However, he was not involved in the day-to-day
work of developing the May 2008 CSM and thus was able to perform this peer review.

Jonathan Butcher is a professional hydrologist working as an Assistant Director and
Principal Engineer in Tetra Tech’s Research Triangle Park, NC office. He holds degrees
from Harvard College and Duke University in Water Resources and Civil and
Environmental Engineering. Dr. Butcher is experienced in the use of estuarine
hydrodynamic, hydrologic and water quality models. He previously served on this
project’s TAC, but was not involved in the day-to-day work of developing the May 2008

CSM and thus was able to perform this peer review.

Erik Christensen is the Civil Engineering Chair and a Professor at the University of
Wisconsin, Milwaukee. He holds degrees in Electrical Engineering and Environmental
Engineering from the Technical University of Denmark and the University of California.
Dr. Christensen has done research in the areas of source apportionment of environmental
pollutants and radiometric dating of sediments. He has published peer-reviewed literature
regarding the use of a chemical mass balance (CMB) approach, which was used in the

development of the mass balance model presented in the CSM.

Dominic Di Toro is the Edward C. Davis Professor of Civil and Environmental
Engineering at the University of Delaware. His educational background is in Electrical
Engineering and Civil and Geological Engineering and includes degrees from Manhattan
College and Princeton University. His research interests include water quality modeling
and sediment quality criteria models, organic chemical and metal sorption models and
statistical models. In addition to his academic pursuits, Dr. Di Toro was a Principal
Consultant to Hydroqual, Inc. until 2007 and was involved in the development of the
CARP model.

Wilbert Lick is a professor of Mechanical and Environmental Engineering at the
University of California at Santa Barbara. His education includes degrees in Aeronautical
Engineering from Rensselaer Polytechnic Institute. Dr. Lick’s expertise and research

interests center on environmental fate and transport of contaminants in surface water and
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groundwater, numerical methods and mathematical modeling. He is one of the developers
of the sediment transport model, SEDZLJ, being adapted for use in the Lower Passaic
River Restoration Project and has previously served on this project’s TAC. However, he
was not involved in the day-to-day work of developing the May 2008 CSM and thus was
able to perform this peer review.

3.0 CHARGE QUESTIONS

A set of twelve charge questions in four broad categories was provided to the reviewers
that identified the technical and scientific issues on which EPA wanted feedback. The

questions are reproduced here.
Adequacy and Use of Data

1. Avre the data used in the CSM adequate to support its conclusions? In addition
to a general assessment, please comment on the following specific issues with

regard to the adequacy of the current data set:

e Are the sediment sample results collected in the lower eight miles used
appropriately in characterizing the contaminant inventory and gradients in

three dimensions for the purposes of the CSM and EMB?

e Are the results of the high resolution cores collected above Dundee Dam

sufficient to represent background loading levels for the system?

e Are there sufficiently robust data of appropriate kinds to characterize the
contaminant loads that enter the lower eight miles of the river from
external sources, i.e., from tributaries, from combined sewer outfalls
(CSOs) and storm water outfalls (SWOs), from in-stream sediments above
RMB8 and from Newark Bay?
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e Are the available data adequate to verify that there are no important on-

going, unquantified sources?

2. Is the use of the contaminant data associated with recently deposited,
beryllium-7 (Be-7) bearing, surface sediment in the CSM-EMB sufficiently
explained? For example, most reviewers of CSM documents readily
understand that contaminant data from the upper 6-inches of sediment are
used to evaluate exposure to biota and therefore to assess ecological risk. Is
our description of the utility of data from Be-7 bearing sediments, intended to
characterize material that was just recently transported through the water
column and deposited on the sediment surface, similarly clear in its

implications for assessing fate and transport?
Explanation of Assumptions and Uncertainties

3. Is sufficient attention given to quantifying and evaluating the impacts of
uncertainties in developing the CSM-EMB, particularly with respect to the
ability to use these tools in evaluating potentially large and very costly
remedial alternatives? Are the magnitudes of the uncertainties associated with
the data supporting the EMB predictions sufficiently bounded? Are the
uncertainties associated with predicted post-remedial surface sediment
concentrations and estimates of contaminated sediment transport into the
lower eight miles from above RM 8 and from other external sources

adequately described?

4, Since the use of a deterministic model (a model where outputs are described
using mechanistic descriptions of the processes occurring in the system of
interest) may be more common in a physically complex surface water body
such as this partially stratified estuary, has the use of a receptor model, such as
the EMB (where concentrations measured at sources and receptors are used to
identify the presence of and to quantify source contributions to receptor

concentrations) been sufficiently justified?
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5. Is the premise credible that the loads from atmospheric deposition and
groundwater are considered negligible in the formulation of the EMB?

6. Does the CSM adequately justify the premise that the various external
contaminant source profiles utilized in the EMB (tributaries, CSOs, etc.) are

independent?

7. Please comment on the appropriateness of the constructs and assumptions

used in the mathematical formulation of the EMB.
Clarity and Correctness of Data Evaluations

8. Are the available data and the observations made from them sufficient to
support the following findings of the conceptual site model (CSM) regarding

sediment fate and transport?

e Although the Lower Passaic River is a partially-stratified estuary, the
recently deposited sediments between RM2 and RM12 are sufficiently
similar (and likely mixed by tidal action over time) that they can be
represented by single average concentrations of each contaminant in the
EMB relative to the gradients observed for external sources and end

members.

e Approximately 95% of the dioxin currently accumulating in the recently-
deposited sediments on the river bottom is due to resuspension and
subsequent deposition of the bedded legacy sediments; i.e., an internal

source is driving the dioxin concentration in recently deposited sediments.

9. Is the EMB’s exclusive focus on conservative, particle-reactive contaminants
appropriate to understanding and predicting future surface sediment
concentrations of interest in the risk assessment, or should alternate
consideration be given to dissolved constituents, such as lighter molecular
weight PCBs?
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10.

Please comment on the appropriateness of the process and outcome of the
selection of the resuspension source term input for the EMB. Is the
justification of the selection sufficiently robust? Do the lines of evidence

derived from sediment stability evaluations support the source term selection?

Appropriateness of Conclusions

11.

12.

Are the dated sediment cores and analyses of Be-7 bearing surface sediment
samples sufficient as the basis for estimating post-remediation contaminant
concentrations in sediment in the Lower Passaic River? Please comment on
whether the predictions of post-cleanup sediment concentrations are
sufficiently supported and realistic given what is known about the system. Are
the appropriate pre- and post-remediation conditions (including contaminant
sources and the potential for recontamination) adequately represented in the

predictions?

Sediment stability evaluations (presented in the CSM) have led to the
development of remedial alternatives that address the entire sediment bed of
the lower eight miles of the river for comparison with No Action. Please
comment on the significance of the uncertainties involved in this evaluation
with respect to whether the entire bed of the lower eight miles of the river
needs to be remediated, or whether remedies addressing only part of those
sediments might be effective to reduce the surface concentrations in the
Lower Passaic River to meet cleanup goals. In light of the uncertainties
involved, are sufficient lines of evidence used in comparing the effects of the
different remedial approaches to justify eliminating actions more limited than
the entire lower eight miles? Is there additional evaluation of the available
data that might provide adequate justification to add one or more limited early
action alternatives that address smaller, highly contaminated erosional areas

within the lower eight miles?
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40 KEY ISSUES

The comments and answers to the charge questions from each of the reviewers are

provided in Attachment A.

Several key issues were distilled from the written comments and addressed in the final
call on July 9, 2008. In this section, these key issues are summarized and the reviewers’

responses, suggestions and dissenting views are presented.

4.1  Forecast for Recovery of the Surface Sediments

One of the primary topics of discussion during the consensus call was the relatively “flat’
trend for contaminant concentrations in surface sediments over the last two decades, as
indicated in the upper segments of the dated, high resolution cores. The high resolution
core data interpretation in the CSM suggests an approximately 25-year concentration
decay half-life for Lower Passaic River surface sediments. Based on a lack of agreement
with the CARP model, which forecasts a concentration decay half-life for Lower Passaic
River surface sediments of approximately 10 years, one reviewer expressed concern that
the flat trend might indicate the presence of a currently unidentified dioxin source, which
could be disruptive to a remediation project, or signify a problem with the high resolution
core data interpretation, which is central to the CSM. This reviewer asserted that a
numerical model of the Lower Passaic River would forecast dilution resulting in a

continual decrease in surface sediment concentrations, unlike the findings of the EMB.

It was acknowledged by this reviewer and concurred by a second that the CARP model
lacked adequate resolution (it includes only six model segments in the Lower Passaic
River and perhaps has inadequate resolution in northern Newark Bay also) to fully
answer this question, but this reviewer felt strongly there was value in re-running the
CARP model with the new data to obtain additional lines of evidence for comparison
with the EMB trajectories. A third reviewer recommended use of the current sediment
transport model (SEDZLJ) for the Lower Passaic River to predict future contamination

levels. Although this model is not completely calibrated, it was this reviewer’s opinion
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that it can be used to simulate contaminant fate and transport with the assumption that the
contaminants of concern are all tightly bound to the sediment particles in the system. The
first reviewer also recommended a biphasic evaluation of the data in his comments, rather

than an exponential decay curve as used in the EMB forecasts.

4.2 Potential Sources of Recontamination

Three of the peer reviewers were concerned by high concentrations of dioxin found in
sediments above RM8. There was concern that remediation of the lower 8 miles might
not be effective in the long term, based on the potential for erosion and sediment
transport from fine-grained sediment deposits located between RM8 and RM12 to
recontaminate the remediated areas in RMO0-8. One of these reviewers asked for further
information regarding the potential second dioxin source at RM11.5. A fourth reviewer
added that the smaller cross-sectional area of the river near RM12 is also associated with
higher velocities, so that the potential for erosion is increased, and releases during storms
or flood could be particularly problematic. In addition to concerns regarding remedial
effectiveness, one reviewer asked if releases from RM8-RM12 (along with other
potential, currently uncharacterized areas) might not be responsible for the lack of

recovery of surface sediment concentrations.

The peer reviewers re-stated that the sediments between RM8-RM12, and perhaps to a
lesser extent, sediments in Newark Bay, are of concern for implementation of a remedy in
RMO0-RMB8. One panel member concluded that there is not a general belief among the
peer reviewers that surface concentration projections associated with the remedial
alternatives are reliable, without further investigation of potential erosional areas. This
member did not believe the RM0-RM8 can be remediated without experiencing
significant recontamination from RM8-RM12.

Another member agreed that the CSM presents a convincing argument that the main
source of dioxin contamination resides in the main stem of the Passaic River, but noted

that the EMB is not a good tool for examining remedial options on a finer spatial scale.
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The EMB itself cannot be used to evaluate the benefits or weaknesses of remediating
specific areas of the river.

4.3  Potential for Targeted Remediation

Three of the reviewers felt that a remedial action should be focused on erosional areas
with high contaminant concentrations close to the current sediment surface elevation.
One of these reviewers also indicated that special attention should be paid to erosional
areas near the 80 Lister Avenue plant site, while another advised against any dredging in
depositional areas to avoid unnecessary release of contaminants during construction

(dredging resuspension).

Along with these comments, one reviewer indicated that a detailed 3-D visualization of
bathymetry and contaminant concentrations normalized to sediment type, with
consideration of lateral variability, would allow an evaluation of high contaminant
concentration areas with respect to depositional characteristics. Such an identification of
important contaminant flux areas would be very useful for remedial design. He noted that
there is an ongoing need to understand the geological and hydraulic drivers for change in
the system, since it is not a steady-state system. A fourth panel member suggested that
the progression in the shape of the channel be examined, to see where erosion is

potentially exposing legacy sediment areas.

One reviewer seemed to be concerned that the bathymetry data, which forms much of the
basis for the hypothesis that the erosional and depositional areas are not static, is not
sensitive enough for these conclusions. Another countered that even highly erosional and
highly depositional areas were shown by the data to change character with time, lending
weight to the CSM’s conclusion that it is not possible to design a remedy focused on

specific, non-contiguous areas in the river.
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50 CONCLUSIONS

Several broad conclusions were discussed during the summation of the peer review final
teleconference on 9 July 2008, and are reflected in the peer reviewers’ comments in

Attachment A, as described below.

The peer reviewers stated at various times during the teleconference and in their
comments that they agreed with the major CSM hypotheses, data interpretation and the
characterization of the comparative magnitude of various contaminant sources (e.g., that
resuspension is a major source, while CSOs/SWOs, tributaries and Newark Bay are
minor sources). Some of the peer reviewers had a lingering concern regarding the
extremely ‘flat’ recovery trajectories projected for surface sediment concentrations in the
Lower Passaic River in the absence of remedial action. During the teleconference,
Malcolm Pirnie reviewed the CSM hypothesis that the tidal resuspension of
contaminated, legacy sediment is the factor preventing significant improvement in
surface sediment concentrations over time. While the peer reviewers accepted that this
was a plausible hypothesis, almost all of the peer reviewers recommended additional use
of numerical models, such as the CARP model or the hydrodynamic and sediment
transport models developed for the Lower Passaic River Restoration Project, to add
additional lines of evidence to evaluate the trajectories based on the EMB. It was
suggested that modeling efforts should continue during the Source Control Action design

period.

While the peer reviewers agreed that the EMB was convincing in its assertion that
remedial action was required, it was generally felt that the EMB cannot support remedial
decision-making on a small spatial scale within the river (e.g., the EMB cannot be used to
evaluate the benefit of remediating a particular small stretch of the river). The EMB can
be used to comparatively evaluate remedial alternatives, but it cannot forecast with
accuracy the future years during which certain benefits will be achieved (i.e., the year in
which surface sediment concentrations will comply with desired risk-based

concentrations). A number of reviewers stated that the lack of forecasting resolution was
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their primary concern regarding the EMB, and that they otherwise agreed with the major
CSM conclusions.

The peer reviewers recommended that contaminated, fine-grained sediments detected
between RM8 and RM12 required further evaluation before a Source Control Action
remedy could be selected for RMO0-8 alone. The concern centered on potential
recontamination of the remediation area in RMO0-8 due to erosion and transport of
sediments from RM8-12. Some peer reviewers opined that there was a benefit to further
examining the RMO0-RM12 portion of the river in detail for depositional areas, erosional
areas, and the depth of contamination, with the objective of tightening the spatial focus of
the Source Control Action remediation; however, others pointed out in response that
there is too much change from year to year in the location of depositional and erosional

areas to confidently design such a targeted remedy.

There was general consensus around the recommendation that the CARP model (updated
with recent Passaic River-specific data) and the hydrodynamic-sediment transport model
developed for the Lower Passaic River-Newark Bay should be used as a mechanistic
approach to predict sediment concentrations into the future under the various remedial

scenarios for comparison to those derived empirically.

6.0 NEXT STEPS

In response to the peer reviewers’ concerns and recommendations summarized above,
EPA undertook a series of tasks to strengthen the CSM and EMB as key decision-making
tools for the FFS. While the peer reviewers’ written comments have resulted in a number
of detailed changes to the CSM and EMB, as documented in Attachment B, this section
describes the major new modeling and analytical tasks that have been undertaken. EPA
has undertaken the following:
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e Update the CARP model with both the Passaic River-specific data and the
hydrodynamic-sediment transport model developed for the Lower Passaic River-
Newark Bay (hamed SEDZLJ) and use CARP to predict sediment concentrations
into the future under various remedial scenarios. Focus in particular on resolving
the difference between the CSM’s high resolution core data interpretation
showing a 25-year concentration decay half-life for Lower Passaic River
sediments and the 10-year half-life projected by the original Harbor-wide CARP
modeling effort.

e Use the SEDZLJ model to investigate the following concerns expressed by the

peer reviewers:

o Should a remediation of the Lower Passaic River start with the lower eight
miles (RMO0-8) as proposed in the Focused Feasibility Study or the upper
nine miles (RM8-17)? Focus on comparing the level of recontamination of

the remediated portion by the unremediated portion.
0 Would targeted remediation focused on erosional areas be feasible?

e Use a Monte Carlo technique to estimate the uncertainty in the empirical mass
balance for current contaminant and solids loads to the Lower Passaic River to
provide an empirically determined estimate of the range of contributions from
each of the internal and external sources to the contaminant loads in the river.

e Use a Monte Carlo technique in combination with the single-layer sediment box
model employed in the CSM to estimate the uncertainty in the prediction of

sediment concentrations into the future under the various remedial scenarios.

e Use a geostatistical application of the Monte Carlo technique, known as
conditional simulation, on a series of bathymetric surveys to better define the
probability of sediment stability or instability at varying temporal and spatial

scales. Focus on whether the bathymetry data, which form much of the basis for
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the hypothesis that the erosional and depositional areas are not static, provide
sufficient precision to support the CSM’s conclusion that it is not possible to

design a remedy focused on specific erosional areas of the river.

These new modeling and analytical efforts became a resource-intensive, multi-year
undertaking. The results of these tasks were incorporated into a new Remedial
Investigation report, the EMB and the FFS to further bolster the evaluation of whether an

action would be effective and what type of action should be taken on the sediments of the

lower eight miles of the river.
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June 27, 2008

To:  Alice Yeh, USEPA, Region 2
Bruce Fidler, Malcolm Pirnie, Inc.

Re: Peer Review of Lower Passaic River CSM

In this review of the Lower Passaic River Restoration Project, Peer Review Draft of the
Comprehensive Conceptual Site Model (CSM), | will attempt to answer directly and in
order, the charge questions posed in the Correspondence from Malcolm Pirnie dated May
31, 2008.

e Adequacy and Use of Data; Specific Issues
1. Are the data used in the CSM adequate to support its conclusions?
a) Are the sediment sample results collected in the lower eight miles used

appropriately in characterizing the contaminant inventory and gradients in
three dimensions for the purposes of the CSM and EMB?

In general, my answer is yes. The analyses, with a few exceptions, notably
DDT-related compounds and the limited suite of PAHSs, appear to be research
quality and the number and distribution of samples seems appropriate.

While DDT-related compounds would not be at the top of the list of COCs, a
large amount of DDT was manufactured at the 80 Lister Avenue Site and
with a most unusual history. Consequently, the levels and geographic
distribution of DDT-related compounds have significant potential as a lower
Passaic River source tracer (see Bopp et al., ES&T, 1991). | have brought up
this point previously and the “problems” experienced with the DDT analyses
of these samples have been discussed directly Ed Garvey and other Malcolm
Pirnie personnel.

With respect to PAHSs, the attempts at “source characterization” employing
normalization to dieldrin (or is it benz [a] anthracene??, Figure 6-8) could
certainly have been improved with more extensive (and expensive) analyses
of PAH and related compounds.

A more general related comment on sources and the CSM I— | was amazed at
the lack of description of “point” sources. Is this “typical” of a CSM? 1
prepared a summary of the 80 Lister Avenue Site (2,3,7,8-TCDD and DDT)
and its fairly well-known history of operations in the late 1980s (see file 80
Lister Ave RFB.pdf).] With respect to 2,3,7,8-TCDD, the CSM contains the
prietest mention of a second source of 2,3,7,8-TCDD in the vicinity of RM 11




(p. 13-6). The importance of such information to an informed peer-review
was demonstrated by the fact that one of the other reviewers specifically
brought up the question of other 2,3,7,8-TCDD sources in the midpoint
conference call. A scan of the classic dioxin reference (Hay, The Chemical
Scythe, 1982) and information available on the web indicates that
manufacture of hexachlorophene at a Givaudan plant near the confluence of
the Third and Passaic Rivers is the likely source. A NIOSH/CDC report
(Piacetelli et al., 1990) available on the web provides the following details
related to 2,3,7,8-TCDD -

i. Givaudan manufactured 2,4,5-trichlorophenol (2,4,5-TCP) (the source of
2,3,7,8-TCDD) as a starting material for synthesis of hexachlorophene
(HCP) from 1945 through 1949.

ii. Between 1949 and 1984, they purchased “purified” 2,4,5-TCP from
several suppliers, mainly Hooker and Dow Chemical.

iii. Between 1947 and 1984, HCP production at the plant ranged from 17,000
to 3.5 million pounds per year.

iv. From 1970-1972 HCP production was increased by “adding a building,”
but in 1972, the building was devoted to “non-HCP” processes.

Some very approximate calculations | have done suggest that discharges from
the plant could account for on the order of a kilogram of 2,3,7,8-TCDD -
highly uncertain, potentially significant.

One final comment — Why does this question refer specifically to “sediment
sample results collected in the lower eight miles”? Obviously, | have
addressed results from the lower twelve miles.

b) Are the results of the high resolution cores collected above Dundee Dam
sufficient to represent background loading levels for the system?

The answer is yes, with a few qualifications. Note, however, that | collected
the cores (with Steve Chillrud and Damon Chaky) and performed the dating
analyses.

Willy Lick in his preliminary comments of 06/16/08 disagreed —

“The sources of chemicals above Dundee Dam are assumed to be
characterized by core(s) from a depositional zone. By definition, these
sediments are non-erosional and therefore are not characteristic of sediments
which have eroded from above Dundee Dam. The eroded sediments probably
have higher chemical concentrations indicative of past contamination as
compared with sediments that have been recently deposited.”

[Based on decades of work in the Hudson,
depositional zones in rivers - and Dundee “Lake” is as much a river (i.e. a
relatively narrow and continuously flowing water body that happens to be 8 |



located behind a dam) as a lake — remove and store a sample of the suspended
matter as the vast majority moves by and is transported downstream, in this
case to the lower Passaic. Some of the best recent description of such
behavior can be found in Chillrud et al. (Chemical Geology 199, 53-70, 2003
and Water, Air and Soil Pollution: Focus 4, 469-482, 2004) where historical
levels of several contaminants in a series of dated cores from depositional
areas along the Hudson are explained in terms of levels at the farthest
upstream site “diluted” by relatively clean inputs of particles from intervening
tributaries.

The cores from above the Dundee Dam are the two “best dated” cores in the
CSM and additional work involving Damon Chaky and Steve Chillrud is
currently underway to further interpret the dating information, relate historical
contaminant levels to those observed in the lower Passaic, and certify that the
analyses of dried samples from these cores can be compared directly to the
“wet” analyses carried out on all the samples collected in the lower Passaic
River and Dundee Lake by Malcolm Pirnie.

This additional work will also investigate another factor related to the
“appropriateness” of these cores as indicators of “background loading levels”
which | interpret as loadings from the upper Passaic basin. That factor is
grain size. Our field and lab notebooks related to the collection and
processing of these cores noted that the upper few sections, while dominantly
fine-grained, were relatively sandy. This could be a reflection of the influence
of ongoing construction/development observed along the shore near the
sampling site. The surface section of these cores did contain detectable levels
of Be-7 and there are several other Be-7 bearing surface grabs from Dundee
Lake collected by Malcolm Pirnie that will be compared with Be-7 bearing
samples from the lower Passaic in our evaluation.

c) Are there sufficiently robust data of appropriate kinds to characterize the
contaminant loads that enter the lower eight miles of the river from
external sources, i.e., from tributaries, from combined sewer outfalls
(CSOs) and storm water outfalls (SWOs), from in stream sediments above
RM 8 and from Newark Bay.

In general, yes. Certainly for in stream sediments above RM8 and current
inputs from tributaries (the suspended matter samples). While a more
comprehensive sampling of CSOs and SWOs would have been nice, the
available data are “sufficiently robust” in light of their small relative
contributions to contaminant loadings. | do have reservations about the
Newark Bay sampling, especially as the overall project proceeds to a
consideration of that waterway and contiguous systems. A focus on dated
sediment cores (see Bopp et al., ES&T, 1991) and greater attention to and
consistency in collecting Be-7 bearing surface sediments should be part of any
future sampling.




d) Are the available data adequate to verify that there are no important on-
going, unquantified sources?

5]

I am convinced. I
| |

2. Is the use of the contaminant data associated with recently deposited, Be-7
bearing, surface sediment in the CSM-EMB sufficiently explained?

I am most familiar with the use and interpretation of Be-7 data in sediments. Based
on comment at the midpoint conference call and the central role of Be-7 bearing
samples in data interpretation, | would suggest further explanation focusing on the
role of sediment mixing and a discussion of absolute activities of this nuclide.

e Explanation of Assumptions and Uncertainties

I will consider questions 3 through 7 together, partly because of my lack of expertise in
the details of EMB formulation, but mostly because of my strong reservations concerning
specific outputs of the EMB.

With respect to specific outputs of the EMB —

e | Future predictions depend on the dating assignments of the five high resolution cores.
As a group, the Cs-137 profiles on which the dating is based (Figures 13-2 and 13-3)
are by no means “ideal”. The activities do not in general define a single peak (1963
horizon) and little consideration is given to absolute activities (the activity in the
section assigned to the 1963 time horizon in the RM 11 core is approximately double
that in the RM 12.6 core (?)).

To be fair, these are perhaps the best profiles that could be expected in such a dynamic
sedimentary environment as documented by the historic bottom profiling analysis
(Chapter 11).

The dating assignments do, however lead to significant inconsistencies in the
contaminant chronologies (for example, factor of 2 to 5 differences in 2,3,7,8-TCDD
concentrations at the same assigned time horizons between the cores at RM 1.4 and 2.2
(Figure 13-4)) which necessarily lead to uncertainties (largely unexplored) in the Natural
Recovery (No Action) projections of the EMB.

Continuing to focus on 2,3,7,8 TCDD (arguably the contaminant of greatest concern) the
“exponential trend line” from 1980 to 2006 shows a best fit half life of 25 years. To my
eye, the data could be reasonably “fit” with half lives between 10 and about 40 years (!?).
Where is the uncertainty estimation?

Furthermore, it seems clear from that figure that the RM 11 and 7.8 points tend to fall
above the plotted “exponential trend line” while the RM 1.4 and 12.6 points tend to fall




below. This pattern is not particularly consistent among contaminants (although the mp
12.6 points are generally relatively low), but it does seem to warrant further

consideration/explanation as a source of uncertainty.

e Of considerable concern to me is the lack of any significant discussion/consideration
of the 1984 high flow event in the Passaic River. The following figure from a draft of
the EMB apparently failed to make the final cut for inclusion in the CSM.
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The event of April 1984 was the most intense high flow event recorded by the USGS at
Little Falls since 1936. The only recent event that approaches its magnitude occurred

from April 17-19, 2007 which is more recent than the relevant sediment core collections.

Deposition associated with the 1984 event has been noted in Dundee Lake, lower Passaic
River and Newark Bay cores (Bopp et al., ES&T, 1991) and as | recall, there are accounts
of flooding at the 80 Lister Avenue site in April of 1984.

Given the evidence of complex, relatively unpredictable patterns of deposition and
erosion presented in Chapter 11, it is difficult for me to imagine that such an event had
little effect on the profiles observed in the high resolution cores (as is assumed by the
dating assignments) and that the possibility that some of the sites may have experienced
significant erosion during that event was not considered/discussed.




All of these concerns relate directly to the uncertainty of specific EMB outputs and
predictions and inform the following general assessment of the CSM —

e The “best fit” half times for Natural Recovery (No Action) determined from the EMB
are highly uncertain.

However, the general conclusion that levels of all contaminants (except perhaps dieldrin)
are decreasing rather slowly over time is very well supported by the data analysis and
consistent with expectations based on particle and contaminant source analysis.

Furthermore, the general projections of surface sediment trends following remediation
portrayed in the figures in Chapter 20 (i.e. dramatic initial improvement followed by
some degradation as a result of sources uncontrolled by the remedial efforts) is most
likely and highly defensible on the basis of simple, rational analysis of the generally
excellent data that was collected on a well-chosen suite of samples.

Most importantly, from my perspective, the very well documented complex nature of
sedimentation along the lower 12 miles of the Passaic compounded by our inability to —{18 |
reliably predict the occurrence and/or effect of major high flow events such as those in
1984 and 2007, makes it highly unlikely that additional efforts at complex modeling
(either extending or refining the EMB or invoking more complex models such as CARP)
would be particularly useful.

Rather than the current level of uncertainty limiting or delaying remedial options, I
believe that a basic data analysis strongly supports a focused preliminary remedial effort
as discussed below.

e Clarity and Correctness of Data Evaluations

8. Are the available data and the observations made from them sufficient to support
the following findings of the CSM regarding sediment fate and transport?

a) Although the lower Passaic River is a partially-stratified estuary, the recently
deposited sediments between RM 2 and RM 12 are sufficiently similar (and
likely mixed by tidal action over time) that they can be represented by a single
average concentration of each contaminant in the EMB relative to the
gradients observed for external sources and endmembers.

I find the relevant plots (presented as several “panels” of Figure 14-4) most

convincing to an uncertainty of a factor of 2 or 3 (consistent with uncertainty in

the EMB). Consequently, from a modeling and remediation perspective, | tend to
agree, however, from a geochemical perspective, | have several concerns. For

example, the highest levels of dieldrin (by about a factor of 5!) in the high

resolution cores occur at RM 11 and 12.6 (although significantly “offset” in time

based on current dating assignments) and do not appear to have “mixed”




downstream (!?). A similar situation exists for the “second source” 2,3,7,8-
TCDD noted in the upper sections of those two cores (page 13-6) discussed
above. I also find the salt-front penetration arguments for tidally driven upstream
sediment transport and contaminant mixing (Chapter 10) to be rather weak.

I F the extent of upstream particle transport/mixing is deemed to be critical
information, the best approach would be additional exploitation of particle-
reactive geochemical tracers. As discussed above, DDT-related compounds
derived from production at 80 Lister Avenue have potential as tracers of at the
“downstream end,” as does hexachlorobenzene (based on the PhD thesis of
Damon Chaky that has been shared with Malcolm Pirnie). As tracers of
“upstream” particles entering over the Dundee Dam, the composition of the
persistent flame-retardant chemicals, PBDEs (PhD thesis and draft ms of Luci
Benedict from my group) and perhaps alkylphenol ethoxylates or other surfactant
chemicals that Bruce Brownawell is working on have significant potential.

b) Approximately 95% of the dioxin (NOTE: | assume that the assertion meant
to say 2,3,7,8-TCDD) currently accumulating in the recently-deposited
sediments on the river bottom is due to resuspension and subsequent
deposition of the bedded legacy sediments; i.e. an internal source is driving
the dioxin (2,3,7,8-TCDD) concentration in recently deposited sediments.

I find this most important assertion to be very well supported by the data and
_analysis,

9. Isthe EMB’s exclusive focus on conservative, particle-reactive contaminants
appropriate to understanding and predicting future surface sediment
concentrations of interest in the risk assessment, or should alternate consideration
be given to dissolved constituents such as lighter molecular weight PCBs?

While clearly a geochemical question, the answer requires a risk assessment
perspective that | do not possess. | did find the PRGs (Table 20-10) to be rather
arbitrary and not particularly related to risk assessment (!?).

10. Please comment on the appropriateness of the process and outcome of the
selection of the resuspension source term input for the EMB. Is the justification
of the selection sufficiently robust? Do the lines of evidence derived from
sediment stability evaluations support the source term selection?

While I am convinced of the importance/dominance of the resuspension source for
most of the contaminants, | am concerned that the areas supplying the resuspended
contaminated sediment have not been (and, given the convincing analysis of erosional
and depoisitional regimes presented in Chapter 11 probably could not be) specified in
space or time. From my perspective, it seems unlikely that further
measurement/determination of current mixing depth or “erodability” as a function of
location would prove particularly useful. Indeed, it seems quite possible that the high



flow event of April 2007 may have changed the sedimentary environment
significantly at specific sites since samples were collected.

Such considerations lead to the concern that any remedy other than large scale source

removal will result in significant recontamination. To me this suggests a strategy
based on dredging that maximizes inventory removal, enhances deposition in the
remediated areas, and allows for future dredging following recontamination. A few
additional suggestions are provided below.

Appropriateness of Conclusions

Many of my comments above address aspects of questions 11 and 12. Some other
specific observations include —

a. Because the areas that supply the resuspension flux have not been located and

may not be consistent over time, a preliminary remediation strategy that should be

considered would involve dredging an area near the mouth of the Passaic. This
could remove a large fraction of the contaminant inventory and significantly
address the problem of 2,3,7,8-TCDD, arguably the contaminant of greatest
concern.

b. Capping this area should not be considered as the “hole” would serve as a trap for

sediments and associated contaminants both from Newark Bay and further
upstream in the Passaic. Such an area would be expected to accumulate

contaminated sediments at a rapid rate. Our one core from the lower Passaic from

a recently dredged area (a marina near RM 8) had an estimated net accumulation
rate based on the Be-7 profile of over a meter per year. Future dredging of the
area would continue the remediation.

c. Ingeneral, I would be concerned about capping anywhere in the lower Passaic
based on the unstable patterns of deposition and erosion and lack of information
related to the effects of major high flow events.

d. A similar dredging operation in Dundee Lake as part of the preliminary
remediation could be considered to significantly decrease future inputs of PAHs
(Figures 19-7 and 19-8) and, to a somewhat lesser extent, total PCBs (Figure 19-
6).

I certainly look forward to seeing results of the distillation and compilation of comments
from the peer-review panel!
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July 7, 2008

To:  Alice Yeh, USEPA, Region 2
Bruce Fidler, Malcolm Pirnie, Inc.

Re: Peer Review of Lower Passaic River CSM; Submission 2

I was particularly inspired by the comments of Dominic DiToro to provide some
additional observations on the modeling, particularly with respect to his reference to the
CARP model.

e Model Evaluation, pages 3 and 4 — From “simple exponential” to “initially
exponential with little recent decline” to “biphasic exponential” to CARP.

The “evolution of exponentials” has taken place in the analysis of persistent
contaminant (PCBs, pesticides) and radionuclide tracers (Cs-137 et al.) data in
very well-dated (see my original CSM comments of June 27, 2008 on the
dating of the lower Passaic high-resolution cores) sediments of the Hudson
basin beginning in 1982 (Bopp et al. 1982; Bopp and Simpson 1989; Bopp
and Walsh 1994; Chillrud 1996; Robinson 2002). A figure from Chillrud
(1996) is presented below for illustration. Trends in some of our data will be
used below for comparison to CARP model outputs cited by Dominic.

A further thought on the uncertainty in dating assignments of the high
resolution cores — CSM Figure 13-11c shows that the trans chlordane levels in
all sections of all the high resolution cores that “dated” between ca. 1982 and
1988 were incredibly consistent. The total range of concentrations was from
about 30 to 45 ppb. Bopp et al. (1991) reported on seven samples (three Be-7
bearing core sections and four suspended particulate samples collected in
1985 and 1986 between about RM 1 and RM 8 on the lower Passaic that also
had incredibly consistent trans chlordane levels — 106 + 27 ppb (1).

It should also be noted that the “early, more rapidly declining” section of the
time trend analysis presented by Dominic includes the extreme (yet, to the

CSM, invisible) high flow event of 1984 that flooded the 80 LA site (see my

original CSM comments).
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Figure 4-3A: Total-PCBs in harbor sediments plotted versus approximate year of deposition (after Bopp
and Simpson 1989). Only core tops collected between ~mp -2 and mp 4 were used since core top
samples collected upstream of mp 6 were typically 30% lower in various contaminant concentrations
than those collected between mp -2 and mp 4.

Figure 4-3B: Total-PCBs in sediments collected at mp 88.6 plotted versus approximate year of
deposition. :

Figure 4-3C: Total-PCBs in harbor sediments plotted versus approximate year of deposition. This plot
compares the asymptote function of Bopp and Simpson (1989) to a description that has two periods
that decline at different exponential decay rates. The latter projects additional significant improvements
in total-PCB levels of harbor sediments after 1989.



On the ~exponential half times and conflicting concerns.

On one hand, Dominic points out that the more recent half times of
contaminant decline appears slower than the EMB-modeled average (ca. 25
yrs for 2,3,7,8-TCDD) and raises the possibility of an unaccounted-for dioxin
source and/or a poorly understood process.

A bit later, he indicates that the CARP model suggests (page 34 of his figures
— nice wiggles, but no data....) that 2,3,7,8-TCDD will decline with an
average (No-Action) half time of ten years, significantly faster than the EMB
modeled average. This is used to suggest that the No-Action alternative could
be somewhat more attractive than suggested by the EMB model outputs.

Questions that might be considered/discussed —

1) How can the CARP 10 year half time of decline be defended/explained in
light of the high resolution core data?

2) If the CARP model could be “tweaked” to be more consistent with the
data, how would that help with a decision on remediation?

On CARP and the “hindcast” justification.

Cs-137 may not be the “ideal tracer” for a hindcast exercise in a model of
Passaic contaminants. Its dominant input of Cs-137 in that system was to
drainage basin soils. Many of the Passaic COCs (and certainly 2,3,7,8 —
TCDD) had dominantly direct inputs to the river. Cs-137 is certainly an
excellent “recent” tracer, i.e. in the era of resuspension dominance of inputs,
but direct analogy to many Passaic COCs becomes poorer as one approaches
the 1984 high flow event, and the era of major fallout inputs of Cs-137 and
direct industrial inputs of contaminants.

I was not particularly impressed with the CARP Cs-137 hindcast results
(pages 37-41 of Dom’s figures). One specific point — if | remember correctly,
some “initial time” Cs-137 activity (1963?) at each location was provided to
the hindcast as a starting point. | do not believe that the hindcast started from
the “raw” Cs-137 loading data (atmospheric deposition since the early 1950s
and Indian Point releases since the mid 1960s).

I believe that, at my suggestion, a more detailed CARP hindcast model for Cs-
137 accumulation in sediments in the cove adjacent to the Indian Point nuclear
reactors was performed. If the CARP model continues to be an issue for this
peer review, that should be discussed.

I also suggested a “full Cs-137” hindcast (i.e. starting before any global fallout
inputs) and a hindcast of the 1984 extreme flow event in the Passaic. Neither
was carried out.




On Dom’s observation that the “CARP model predicts a relatively rapid response that

is reflected in the Cs data.”
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We have noted that the in recent sediments of the Hudson, the half time of
decrease of Cs-137 activity has been increasing — approaching perhaps 30
years in individual cores.

Perhaps more analogous to the Passaic data, we have been collecting Be-7
bearing sediments at several sites along the mainstem of the Hudson in NY
harbor every few years since the early 1980s. Like the lower Passaic, the
mainstem harbor is quite well-mixed. So that our discussion of response
times may be more data (less model) grounded, | have included below a plot
that summarizes that data over time.
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The plot includes data on all of the individual Be-7 bearing sediment samples
that we collected along the mainstem of the Hudson in NY Harbor between
mp -1.7 and mp 9.7.

I would have a difficult time projecting forward a relatively rapid response
(half time of ca. 10 years) based on this Cs data.
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Jun 28, 2008 — Initial comments on the Lower Passaic River Restoration
Project: Comprehensive Conceptual Site Model

The responses to the questions charged are provided at the end. | decided that to answer these
inter-related questions without a broader context would not provide the rationale for the those
responses.

This is an ambitious piece of and for the most part extremely well done piece of work. The
tremendous amount of thought and expert data analysis comes through — I am also very
impressed with the internal consistency of the PCDD data, a noble task. My global view of the
EMB is that the approaches used are well justified and appropriate for dealing with this complex
system, and that the conceptual model that forms the basis of the EMB is more than useful for
describing the distribution and sources of many contaminants in the lower Passaic as well as
some of the dynamics of net sediment transport and deposition. The ability to describe time and
space varying contaminants in 7-Be bearing sediments (not a huge number) to describe a
justifiable interpretation of longitudinal transport and source of contaminants within and outside
the lower Passaic works surprisingly well in my opinion. Without going into great detail (earlier
version of this critique), it is my belief that the geochemical, mass balance, and forensic
approaches that are emphasized in this Conceptual Site Model have yielded much more insight
and confidence in conclusions than if the effort placed in this work had instead been heavily
focused on high spatial resolution modeling, in part because of highly dynamic sediment
transport and hydrologic system, where historical boundary conditions are poorly characterized.
Excluding the problems of adequately describing sediment transport in a high resolution model
(an art in any situation, and still can’t think of a similar high dep and episodic transport system
that has been successfully modeled), the generally preferred calibration endpoints (especially
dissolved 2,3,7,8-TCDD - as | only discuss 2,3,7,8 in my comments below | have abbreviated it
as TCDD) such as dissolved concentrations and tissue concentrations are either nearly
impossible to determine or have not been sufficiently characterized - or perhaps too spatially
variable to provide much calibration or validation power. | commend the team for such a
thorough and informed synthesis of much of the data.

By far my biggest criticisms and concerns involve the application of the EMB in its current state
to project contamination in the future — | contend that the application of the EMB in Chapter 20
is neither well thought or described, nor is it reflective of the thought and good work that
precedes it. It brings up the question as to whether the type of large scale box model used (with
many steady state assumptions) is/can be adequate for assessing or even defining alternative
remedial action scenarios. | have also tried to make suggestions as to what might be considered,
with respect to additional data analysis to test, and refine the EMB and to provide a better tool
for understanding the response of the system to changes over time in sedimentary processes and
rationalize and optimize remedial scenarios.

In my long-winded and often redundant comments below, I focus on concerns primarily rather
than the many strengths of the report.

On a global scale, my biggest concerns with the conceptual model involve what the report does
try to do, and questions not asked or addressed. | do not know whether this is a result of not



expending as much energy on how the data analysis and EMB could or should be used to assess
the design and response to remedial measures — in its current form Chapter 20 highlighted to me
some of the uncertainties in the predictions of the EMB, and whether the data could be better
analyzed to improve understanding of system and test important assumptions, and that the EMB
presently provides little assistance in helping to define alternative measures and provide
confidence in the comparing the likely impacts associated with approaches to dredging, capping,
and even long term no-action responses of the system.

Most of my comments below focus on TCDD because of obvious reasons that make it the most
likely candidate to drive decisions related to remedial risk-based response and the possible “bang
for the buck” if it is remediated with an engineered solution. My views and understanding are
based on my study of all the COPC and sedimentological data. As the huge source of TCDD can
be seen to some extent in areas outside of Newark Bay, reduction in risk could be even more
widespread than for other COPCs. Successful remedial alternatives have the potential to also
improve conditions locally or in Newark Bay for other COPCs more than might be imagined, if
they act to protect the system from erosion of hotspot that occur (and may be affected by the
rapidly changing bathymetry, or especially deep erosion during the “big storm” where “relic”
contaminants either buffer or worsen contamination of the system. Just as importantly TCDD,
provides in many ways the best test of the EMB (a notable exception is in the calculation of the
resuspension term because it is not nearly as sensitive to external inputs) because it has the
biggest gradients, best known sources and source history, is the most persistent and particle
reactive, and there is the greatest amount of spatial heterogeneity in surface sediments not
characterized as 7-Be bearing (measured or unmeasured)....I will keep coming back to the last
point about spatial heterogeneity and hotspot areas because understanding this better will not
only provide tests of the model, provide tremendous insight for the EMB, potentially cast doubt
on the utility of the model for f projections, and just as importantly assist in guiding remediation
scenarios.

Comments on my personal perspective on questions that arise or should arise

in considering remedial action responses.

There are many possible goals of remediation and greater number of questions and concerns that
arise in decision making when it comes to contaminated sediment remediation. Here | focus on a
couple, and ignore (as has been done in the report) other factors that arise in choosing the best
alternative; e.g., maintenance of navigation channels, alteration or restoration of ecological
habitats, and consideration of separating the liability of the responsible parties (addressed in
small part in the report). Some of the issues raised below are better addressed in the report than
others:

1. what are the current and future sources of contaminants to the system, where are they
transported, and what significance do those source have to other areas? While there are
some weakness, there are really a very large number of complementary tools that provide a
wealth of information about sources and transport of sediments and contaminants along the axis
of the system — as | mentioned above, on a global scale, | have few major problems with the
interpretations of the distributions of the most persistent and particle reactive contaminants in
areas that are highly depositional and reflective of integrated fine grain sediment/contaminant
sources and transport. However, the CMB does not do a good enough job describing or



providing an understanding of where the important areas of resuspension sources of
contaminants are, perhaps especially important for TCDD —see below — there could be much
more insight given to interpretation of the exceptionally variable TCDD surface concentrations
not characterized as 7-Be bearing (given the very sharp gradients of TCDD with depth and space,
it may not be surprising that the sometimes observed hotspot concentrations of TCDD - and
relatively higher compared to means than for other contaminants) — here and in more detail
below, I’m only worried about understanding the distribution, biogeochemical controls, and
Impacts now and In the Tuture of changing erosional areas. Note the Tog rather than linear scale
for TCDD used to show variation in the contaminant in Figure 14-4i, and this Figure does not
nearly show all the high surface concentrations measured in other Figures 14-1, 14-2, and
especially, in non 7-Be bearing sediments from above MP 8 in samples collected in 2005-2007. —
the high TCDD can be most easily hypothesized to be the result of fine grain sediments that were
once depositional and have now become exposed — if this is not the case, how can these high
levels occur and occur in many areas in the River, seemingly characteristic of depositional areas
on the maps. The conceptual model and Interpretation of the EMB are actually explicit in___|
source areas of the resuspension term being impacted to by areas where “relic”/legacy
contaminants have been exposed by erosion (or they could be mixed back up to the surface by
non-steady-state processes). However, the Model does not address to the extent | think
important as to where the contaminant loads (the product of resuspension zones and COPC
concentration) occur. Essentially the EMB and model projections infer a steady state condition

of resuspension is a dynamic system where the erosional areas are non-steady state (i.e., formerl
deposted contaminants are exposed). | would be more inclined to buy into this assumption if the
low Passaic River bathymetry/deposition rates/hydrodynamics were not changing so rapidly.
Even if deposition of sediments had not been so great in the Passaic since dredging this past
century, there would to some extent be oscillations of sedimentary regimes between being net
depositional and erosional — the fact that it has now been filled to more uniform 12 foot water
depths, and as well demonstrated in the report, there are areas (large and grid size scales) that
were once deposional that have or may become net erosional — this can be a huge problem with
respect to buffering or potentially increasing the “resuspension” loading, especially for
contaminants like TCDD where the gradients in vertical concentrations can be so dramatic. |
would worry that the change in bathymetry that has, is and will occur can have dramatic impacts

see the data further analyzed to define and test this problem —). Below, | focus perhaps too
heavily on this issue (lots of redundancy), but it is tied to many of my most fundamental
concerns. | would at least like to see this type of concern better discussed by Malcolm Pirnie and
the review team.

2. Under what conditions is it an important objective to try to reduce inventories of particle
reactive contaminants as part of a dredging plan, especially in a system in which most of
the inventory is buried and buried relatively deeply in many areas of high inventory? This
requires addressing a number of site and problem specific or related questionsje.g., how
eep are the penetrations of contaminant?; cost-benefit - how many cubic yards as a function of
the percent of the inventory removed or more importantly reduction in risk; what can be done
with the spoils (not our problem)?; what will be the change in bioaccumulation or transport when
surficial or re-exposed hot sediment are introduced to the surface and water column during the
dredging process after dredging? — always a big question in similar RIFS battles I’ve been
exposed to; can a “100 year storm” cause re-exposure of highly contaminated sediments and




importantly to what depths does one then want to dredge (or rather can capping mitigate this
risk) to be protective — the effects of the “100-yr storm” is of course difficult to answer, generally
modeled or based on historical evidence, but in this case can be addressed in part by the great
depths of contaminant penetration into the bed. If bathymetry were changed by dredging, then
one also wants to be able to describe the changes in hydrology and sediment
transport/deposition/erosion that may occur — there is a lot known here about depths of
penetration and likely reasonable estimates of inventory....but better understanding of the 3-D
dlstrlbutlon of sedrment will not only help frame these questlons but I think shed a tremendous
a ) J ] + again a bit more below.
I Would say that the EMB and presentatlon of data in this report address some of these questions,
but I’m concerned that other important questions can not be adequately addressed as the EMB is

presently presented; asa resu|f H ie assumpflons used In Cliapfer ZU Become Very very Eenuous In

my opinion. In fact in balance, I believe that there are negative consequences of publication of

Chapter 20, as written, that not only highlight uncertainties in the EMB, but projections
presented may predispose reviewers (managers) to view the reduction of long term risk provided j-

bx erensive cIean-uQ to modest to consider based on cost/benefit gthink Palos Verdes which
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was many square miles so the analogy is not great) — From a technical perspective (not political)
it can be argued that the Hudson River Remedial Action decision was based not only on
projected risk reduction under steady-state conditions, but also on removing the risk associated
with finite risk associated with removing buried contaminants that could become mobile under
conditions of very high erosion....... The EMB could go much farther to address a range of
questions that are going to be asked or should be asked.

3. How do different actions affect the risks of contaminants, locally to other areas, under
different alternatives and under different assumptions? this overlaps with the types of
questions above, but, additionally one needs to similarly understand the effects of capping
scenarios (not adequately described here as the details of the actions in this dynamic system
would be critical and bear on statements or conclusions made) or with the no action scenario.
Again the focus of the report is on interpretation of the present and past distributions of
contaminants in sediments and the integrated concentrations of contaminants that are being
“sloshed about”, and assumes that the dynamics of the system (primarily sediment transport and
deposition) remain constant into the future. As inferred or mentioned above, the question needs
or could be better addressed is whether or not the conceptual model , which impacts the mass
balance calculations need to consider the how sediment transport will change with no action
(e.g., will erosion increase as the river is filled and where) and with changes in bottom depth or
hardness after engineered remediation.

The reliance on a conservative particle tracer model that is primarily tested
with geochemical mass balances and forensic evidence, and includes sediment
textural properties Fe and TOC. What are the effects of changing the percent
of deposition coming from resuspension of erosional areas?

This is one of the questions in the charge but | discuss my thoughts here:

with different sets of parameters) that this simplification is justified and leads to perhaps

e On balance, I believe (could be better convinced with receptor mass balance modeling L-

47
48




more confident predictions and understandings than would a model calibrated with 47
ilibri ineti chanae into the water 48

As mentioned above, | really like the geochemical emphasis used in this approach — |
don’t often agree with Richard when it comes to the value of water quality type models,
but, in this case the geochemical insight and box model approach seems to work
exceptionally well — the high deposition rates help one to ignore a lot of concerns that |
and others would have with the this type of conservative COPC Earticle tracking method.
The assumptions that all COPCs are perfectly conservative particle tracers is probably
useful in this sediment transport dominated system for many of the contaminants — best
for TCDD, maybe some or most PAHSs that are associated with particles in “resistant”
phases or they would not be there or last, some more chlorinated PCBs, DDE or sum of
DDT residues, (and perhaps some pesticides if the data is good enough) and more particle
reactive metals Pb (esp.), Cu, and Hg being the best, not sure about Cr or Co, that
associate with different phases based on redox chemistry and particle surface chemistry; I
know much less about Ni geochemistry.. It is well known that in seawater that Cd, Zn,
and As are primarily in the dissolved phase in the water column, even in a somewhat
turbid estuaries , although Cd is about two orders of magnitude more particle reactive in
freshwater than in chloride rich seawater, a potential complication — additionally, in
marine or estuarine sedimentary environments without local Cd external loads, the
distribution of Cd in sediments is controlled by two processes associated with high
reduced and sulfic sediements and anoxic bottom waters. The fact that more soluble
metals, low molecular weight PCBs, and relatively soluble and biodegradable 3-4 and
more-ring PAHSs are preserved in sediments near and away from sources, can be due to
many possible factors .... Getting back to redistribution of resistant particle associated
phases, we and others have seen high relative concentrations of very very soluble and
easily degradable 2 ring PAHs and mon-chlorinated benzenes in sediments (let alone 3 -
ring PAH that should be dissolved or degraded in the water column based on predictions
that even include “soot”), but you can’t get them to desorb sometimes for months into
continuously stripped seawater — so maybe treating all most of the organic chemicals as
concervative particle tracers is not as unreasonable as it might be predicted.....However,
the fact that the calibrated model predicts does a good job of describing the soluble
metals mentioned actually gives me pause, as makes me wonder how well constrained the

model Qredictions are when the Iongitudinal contaminant gradients are either not great,

or have to be driven by local sources (TCDD)....... The fact that sediment transport must
be largely event driven with high suspended solid (or bedload transport) and that
sedimentation rates are so high, are additional reasons whey the particle tracking model
would be expected to work better than if one applied it to a scenario with more steady
state transport where suspended sediment loads were much lower than | guess that they
are during high flow events; big Spring or storm tides, or at this depth, maybe even really
big winds??? There are but a couple of suspended particle samples collected that might
test the particle tracer assumptions to some degree, and there are hints of more soluble
metals being lower in the water column, but it is also true for a couple more particle
reactive contaminants — if there were more data 1I’d be tempted to look at tide data as
some of the outliers are contaminants that have sediment gradients at very near the
locations of the water samples.....I should not really go into this last point, as it is too
speculative given the data, but perhaps there is more data, or could be additional



interpretation than my quick looks. So the bottom line is | do worry to an extent about
neglecting the dissolved phase/particle-solution exchange may bias the EMB — but the
calculation make reasonable sense and are constrained by other bathymetry and sediment
load data available and interpreted. Given some thoughts 1’ve briefly mentioned above, |

suspect that for much of the EMB (predicting the nearfield receptor sediment
concentrations), this approach actually works better than what one would get in a model

including exchange between particulate and dissolved/colloidal

another gquestion about the EMB calibration that is also related to the assumptlons that
parameters are conservative and track fine grain sediment from the source they derive:
what are the effects of adding TOC and Fe in the EMB calculation? | ascertain that
relative to the lower Passaic, Fe is low in the upper Passaic sediments (I’m assuming
coarser? as are the upper reaches of the lower Passaic where coarser sediments are
expected to have preferentially fallen out, but there are other possibilities) and TOC is
significantly lower in Newark Bay than in the upper and lower Passaic where it is very
high (TOC is not always coating fine grain sediment. Were the sediments sieved before
TOC analysis? - suspect plant detritus or maybe other anthropogenic particles from
external sources — some that may be carrying high PAHSs as well?, and I’m pretty sure not
enough sewage input to get TOC up to 10% or more, and certainly not enough primary
productivity here either — without bottom water anoxia — autochthonous TOC does not
get up to 10% in estuarine sediments from eutrophication, only one example I can think l\_
of and Chl A is 300 ug/L there); the one line rationale in the text for including Fe and
TOC in the text is therefore not well enough developed in my view It may be that
dropping these properties leads to non-intuitive results ???? — Excluding TOC would
seem to reduce the percentage of Passaic sediment source; excluding Fe would seem to
go the other way....perhaps stabilizing the solution...does the exclusion of TOC and Fe
in the EMB mass balance change the important resuspension term greatly?? my gut
suspects that the amount of calculated “resuspension” goes down if one takes them out of
the calculation...... pure speculation but a point that | would like addressed.

The choice of EMB calibration tracers can affect both the mass balance of solids
(although sensitivity to some assumptions was tested) which can then affect the estimate
of the contaminant in resuspension source areas — a pre-occupation of mine. There are
other sediment mass balance estimates (especially analysis of changes in bathymetry)
that support, or are not inconsistent, with the quantitative estimate of the sediment
resuspension mass.f While I’m convinced that the source apportionment of solids is not
factors of 3-5 off, it seems to me that the calculation that about 50% of the deposition is
from within lower Passaic River resuspension could have larger error than suggested???
On page S-13, an estimate of the sediment load over the Dundee Dam is given as 50,000
cubic yards/yr with another 20% of that from other tribs....and when compared to the
estimated total net depositon of about 190,000 ¢ i iCi
appears to be spot on with the EMB calculation. fHowever, this comparison depends on
reliable flux estimates going over the dam (tough to do for episodic high flow events
even with in-situe measurements, but this comparison assumes that little of the sediment

that has come over the dam ever escapes the lower Passaic and that which does is
transported back in by estuarine sediment transport—under important high flow conditions

I wonder if that is reasonable to expect???§ Furthermore, given the sediment pile at the




mouth of the lower Passaic, it would not be a surprise to me if the percentage of sediment
mass deposited from a Newark Bay source were greater than estimated — however, this
last comment gets sticky because the gross flux from Newark Bay is a combination of
sediment included in the upper Passaic and Resuspension sources — sediment escapes and
is pumped back in......

More on understanding the source areas of the TCDD/COPC resuspenson

I come back again to what has been burning me and that is that there are enough high
TCDD (in particular) surface sediment concentrations reported, to make me think we
need to know more about these potential source areas and geological settings where these
hotspots occur, and if the EMB can provide the most use understandings/predictions as to
where the most important contaminant erosion occurs today and most likely will occur in
the future. The importance the resuspension term and that it likely reflect net erosion of
older sediments is central to the EMB However as presented there is not enough insight
or analysis provided with respect to the nature of these resuspension sources and their
controls. Given the data available, there could be much much more evidence and

rationale presented to support the conclusions about where these areas are and where they
have the potential to be most important in the future. To perhaps illustrate my concern

better, | think it is instructive to look at some of the locations and magnitudes of the high
TCDD “outlier” concentrations. As I mentioned, the data in Figure 14-4 does not reflect
all the data in Figures 14-1, 14-2 and 14-3, and vice versa. The latter Figures show that
from early 1990s sampling that a there were a modest number of samples with measured
TCDD above 3 ppb and one above 10 ppm (Figure 141-a); in figure 14-2b, it is seen that
there are lower levels and fewer hotspots found near banks (1999-2000); in more
extensive sampling along the river in 2005-2008 period, which focused more on locations

above MP 8]there are at 2 sites with concentrations between 3 and 10 ppb and 2 above

10 ppb in the stretch of River between MP 8.5 and 10.4. These relatively very high values
can be compared to average concentratlons of TCDD of 0.83 (1995) and 0 37 ppb (2005-

used as the receptor concentratlon that the EMB was f|t to. Whlle there are other areas of
the lower Passaic with high TCDD concentration (Figure 14-4), it may be of interest to
note that the area between MP 8.5 and 10.4 is a stretch of the river where long term
depositon has not been nearly as great due to less dredging in part ....(Figure 2-14). It
seems to follow that on average TCDD concentration maxima would not be buried as
deeply in this part of the River as in lower stretches of the River, where long term
depositon is generally much higher; and thus erosion need not be nearly as deep to
expose potentially important hotspots — yes, it is clear that I’m obsessed with developing
conceptual understanding concerning the locations of hotspots for erosional TCDD fluxes
and how those areas have or might change with time is not considered in enough detail in
the report and than considered in the EMB. There are many possible implications for
this, and two of them include the ability to project into the future, and whether limiting
consideration of remedial actions to the area below MP 8. The estimate of the
resuspension term for the sediment mass balance is around 50% leading to an estimate of
TCDD in erosional areas that is twice that (0.81 ppb — Table 18.3) of the 7-Be bearing
sediment average value — the integrated source concentration has to be about double the
receptor concentraton because the resuspension term is well above 90% for TCDD in




comparison to about 50% for the sediment mass input. However, if the estimate of the
resuspension load of sediment were in fact 25% of the total rather than 50%, it would
require the average concentration of TCDD in the source area to four times greater than
the receptor concentration (about 1.5 ppb) — if the area of TCDD resuspension were a
fraction of the area that is not depositional, then we could be chasing source areas with
very high concentrations...and the impacts on remediation strategies might be more
apparent.
apter 20 the rationale for areas to remediate states that it would be most prudent to
isolate portions of the primary erosional area that is the largest source now and be
inference into the future. In doing so, it neglects the areas defined by bathymetry to be
near neutral with respect to net deposition...... ; there isno a priori reason in my mind to

thls highly dynamic system is dynamic, these contentions need in my opinion to be much
better tested with existing data (e.g., to address this and prior concerns,jl would start
to try to better form and test conceptual understanding/model by considering
relationships between surface concentrations and sediment profile
distributions/penetration of COPC, measured sediment properties like texture in the
same samples, and grid scale estimates of deposition and sediment type, all of which
are already calculatedjas discussed more below, the creation and interpretation of
maps depicting the best estimates of 3-D distributions of COPCs should I think be
extremely valuable )

Some additional considerations for developing a framework useful for scenario develop,
optimization and comparison for remedial action alternatives.

Does the EMB need to be better developed and justified to define useful
remediation scenarios and project with confidence the effectiveness of
remediation alternatives: a few more that come to mind:

o | there is likely a reasonable estimate of the inventory of COPCs in the lower Passaic, but
the rationale for interpolating and extrapolating the reliable 82 Cores and those with
uncharacterized bottom inventories (which could be estimated from long term dep.
estimates) could be better explained.....; Yes the question of inventories will come up,
but I believe that in this case, on should be much more interested in understanding
present and future source areas and to have a much clearer understanding of how one
should frame questions concerning where and how to best remediate. In doing so | really
would prefer to see an effort made to create a 3-D map of COPCs. There is lots of
complementary data to do this and to this and should be done to better explain the
conceptual model and as well as test the reasonableness of interpretations in this report.
Such maps would allow better the basis for review, provide more clear tests of the
conceptual model/EMB, and provide an important tool for those designing remedial
action strategiesand modelers to frame questions about. A 3-D picture of contamination
should provide much better insights into not only current areas of COPC (not bulk
sediment) but the susceptibility and controls on where important areas of erosion that
control contaminant loadings are most likely to occur. Furthermore, such maps would




greatly help in the defining questions such as what needs to be modeled to address I\lTl

guestions such as the importance of the “100 yr storm”.

e If it were found to be feasible (money and risk consideratins), I still think that deep
dredging of areas in the lower River could provide important benefits and might be
considered as part of a number of remedial action alternatives: the river is filling up with
sediment and the ability of cleaner sediments to mix and dilute the contaminated
sediment in the lower Passaic will continue to be reduced; a source area and inventory
would be reduced under some engineered approaches; although | wonder if the increased
sink for sediment may affect net erosion of relic sediments in other parts of the
system????.......While the actual modeling should be left to an RIFS study, any
improvements in developing or supporting the EMB approach or extending the data
analysis would be of great assistance in assessing any number of remedial options.

Comments on the COPC Fro'lections
1. | The extrapolation of surficial sediment data trends over time or sediment core profiles to

project into the future and estimate response times for improvement should be better
supported. Forgetting about my comments above for now, given the variability in the
temporal data over recent years, | am skeptical that there is enough statistical power to
provide significant estimates of past half-lives.....I’ve already stated my concerns about
extrapolating these surface sediment response times into the future, but I would like to
see more statistical analysis of the existing estimates based on the historical records.

2. | In addition to my concerns about the non-steady-state sediment transport and deposition
that can be expected, the historical record here and elsewhere suggest that the rate of
contaminant reduction tends to slow over time, especially in tidally flushed areas where
there are point sources (dispersal, etc.).

3. IThe remedial scenarios are much too poorly explained and developed to allow the best
critical assessment of all the assumptions and model results provided Chapter 20.
Without the better understandings of most important source zones driving the
resuspension term, the selection of the remedial option used for illustration appears to be
based on intuition rather than a quantitative underpinning....Not having specifics of the
remediation design or goals was frustrating and made worse by the lack of reference and
integration with the sections in Chapter 11 about area and time dependent estimates of ne

4. More importantly, is that the assumptions used in these scenario projections are quite
tenuous and for me highlighted potential weaknesses in the current state of the EMB and
associated framework. To illustrate there are 7 bulleted assumptions provided (and many
implicit ones) in section 20.2.2 for the active remediation scenario. Perhaps some of my
comments are off-mark if the scenario only involves remediation of the 68 acre Erosional
Zone, but it reads as if it includes also the Primary Inventory Zone, which | read to mean
it is defined as depositional or perhaps deposition neutral. A couple of comments on
them:

e | assumption 3 — what does this assumption really mean — the resuspension mode
(while in reality the resuspension exchange is to some extent bi-directional, the
EMB is explicit about this area not contributing to the resuspension term — As |
read it the assumption is inconsistent with the EMB — without looking back now
that I’m editing, perhaps I recall incorrectly that it is stated that the resuspension
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term derives from the erosion areas??...if I’m correct though | don’t understand
what is meant by the impact of the remedy is proportional to the fraction of fine
sediment impacted by the remediation scenario...... perhaps this phrase is not
precisely written and should read that it is proportional to the area of these

sediments in the erosional zone...... this point brings up the underlying problem 38
of doing Chapter 20 without discussing explicitly the goals and more details of 53

the scenarios | think. Following the logic of the EMB and the rationale provided
— scenario alone, what is the reason to remove or cap any part of the Primary
Inventory Zone, where will the contaminated sediments go — please clear up my
confusion...

assumption 4 — this assumption assumes Doth that the sedimentation rate |oca||y
or elsewhere is not affected by any deepening by dredging that might be
considered (again a hypothetical simulation without details is frustrating and |
think dangerous), and of course assumes that the sedimentation rates are

unchanged over the next 70 years....... While one needs to make some kind of
assumption within this EMB framework, it seems unreasonable to think that
sediment accumulation rates will not change greatly in the lower Passaic as they

have changed greatly as the River filled up over the past 80-90 — a danger of
extrapolation using a steady-state model. Addressing this question, is an example
of why one might want a more detailed sediment transport modeled that at one
level could be calibrated with a combination of historical bathymetry and
sediment property data,
assumption 5 assumes that isolating and reducing significant source areas will
neither have a positive effect on inputs to other source areas (I wouldn’t remediate
if this were the case), nor would it affect deposition or erosion in other areas by
changing bathymetry/hydrodynamics/sediment sinks, etc. the language in the
scenario seems to infer that the projections are independent of whether the action
affects bathymetry and sediment sinks...

assumption 6 is many assumptions....all tenuous....e.g., does resuspension of
already depositional areas of inventory actually occur in the EMB framework or
in the calculation; the question of bioturbation (I will not go there at this point as
we will get into an argument — but it is at the least an uncertainty that others will
comment on), and all the assumptions related to projecting resuspension terms are
just not logical to me as they are presented —what is the justification for coming
up with 0.27 cm/yr dep rate following remediation in any zone if sediment depth
or hardness is altered, or as the River is filled even more ......... this set of
assumptions is just too difficult to follow with respect to the conceptual basis

hind them.

assumption 7 is also several assumptions that are about as conservative (slow
response times) as one can imagine within the conceptual framework of the EMB
— it says that source reduction in the lower Passaic will have no discernable
impact on fluxes from above MP 8 (we know already that there is extensive
longitudinal transport by tidal pumping up to MP 10-12 and higher and the it
follows that reduction in the upstream flux from remediation will result in some
reduction in the upstream source back to the Lower Passaic — ultimately, a big

reduction of the source from downstream will significantly reduce the “return
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load” — it was after all contaminated from downstream sources... The assumption
about the nature of the response in Newark Bay to reduction in source from the
Passaic is similarly “conservative” —; the assumptions also seem to implicitly
assumes that sediment from the Kills/Harbor will not dilute concentrations in
southern Newark Bay — and despite the fact that they will both experience
decreases in COPC concentrations. As written - the N. Newark Bay
concentration, that is important to the long term response in the entire system as it
homogenizes, assymtopes to the current level in the south part of the Bay; this
assumption not only drives projections of Newark Bay risks, but ultimately affects
the long term response of the Passaic as the tidal exchange dilution term can never
fall below S. Newark Bay levels — without more development, it is hard for me to
make any suggestions....however, at the very least, much more work needs to be
done if Chapter 20 scenarios and projections are to be left in the report. In its
present form it really minimizes the great work done in the rest of the EMB study
and report

Response to the Questions Charged

I’ve not organized my comments to directly answer the Charge question, as it is too hard for me
to answer them without a broader context that I’ve tried to provide, although in a convoluted
way. Below are some shorter answers to the questions:

1.

The data are adequate to develop and test the EMB and conceptual framework in its
present form. Ideally there would be much more sediment data from the upper couple cm
of the sediments, and more of those sediments would have been collected in ways that
would have better characterized spatial variability of surface sediment sources such that
one could better understand why and where very high concentrations exist in samples that

onsidered (or at least presented) in a way that best describes the 3-D distributions of

ontaminants — information | would want to better inform any scenarios for dredging. |
am not worried by uncertainties surrounding external sources from storm/waste
water/atmosphere and groundwater — earlier | wrote some concerns about the pore water
advection model; I’ve not read the appendix, but the parameters included in the model
(e.g. mixed layer depth) lead me to believe that the model that I would object to the
model used.....some of the parameter estimates are likely way off as well; However, |
have convinced myself, as others have done in other sedimentary environments that the
advective term is trivial, especially in the face of high deposition.....(I do not know the
much about the groundwater table/head depths, but it is likely that most of the discharge
occurs on River sides/banks or through low contaminant course sediments anyways.
Diffusive fluxes would be much more significant using most model formulations, but
again, the depositional nature of this system, combined with the obvious utility of the
EMB for at least some important contaminants (TCDD e.g.,), suggests that in the lower
Passaic it may not be serious to neglect it. | do expect that ignoring diffusive fluxes out
the bed in much less depositional areas (e.g., large areas of Newark Bay) will/can result

in low response time estimates for clean-up.
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The answer to most of this question is that interpretation of 7-Be distribytions do a areat_
job of explaining transport of resuspended sediments and contaminants.§ With respect to
bioaccumulation, I believe that careful analysis would show that the available data are

exposure to widely varying and seemingly patchy sediment concentrations, that have not
been interpreted with this EMB.
See extensive comments above that pertain to this....

To summarize extensive comments above, the model is well tested (it could always be
tested better) and critically evaluated with respect to understanding the distributions
observed presently and in the historic record. | would like to become just a bit more
confident in how well constrained the receptor model is to parameters used, with respect
to allocating the sediment mass balance that is important in many ways.....As argued it is
my conclusion that the conceptual EMB approach should be better tested and probably
refined to understand both important local variability and for projecting responses into
the future in this dynamic setting.
Am | convinced — yes!; am | convince by the report of the groundwater part — not yet, but
I should look at the Appendix before that comment — However, | suggest considering
taking the advective flux of pore water contaminants out of the report completely unless

the much more likely to be important contribution of diffusive fluxes is considered
adequately

T"M NOt sure of wnat Is meant Dy INdEPENdeNt — te stormwater and potentially CsoO .|
fluxes, and other trib. fluxes can be largely controlled by atmospheric deposition (big
impervious watershed and small Passaic River) — however, these sources are described
with little doubt that they are independent...without going any farther, 1’d just say | have
no questions here. On the other hand in Chapter 20, it might be argued that these external
sources are too independent (at least from understandings) as there is no allowance that
these external loads will decrease...... this assumption impacts projections of long-term
response, with or without active remediation. | would point out here what everyone
knows - that reliable estimation of CSO and stormwater inputs of most of these
contaminants is near impossible with the resources available...... furthermore, if I thought
these sources could be at all important in this system, | would be more concerned about
the incredibly low CV’s associated with measurements used for these inputs — CSO and
stormwater loads and measurements can not be expected to be precise (for theoretical and

measurement problem reasons), especially true in the case of stormwater fluxes

See extensive comments above

47
48

my answer to the first question Is the EMB Is sufficient for this purpose — and done very
well in a system that is especially amenable to this approach I believe. The importance of
internal cycling (resuspension term) of TCDD can not be explained easily otherwise.
Differences in the assumptions/parameters in the EMB and the resulting model fits would
affect other conclusions but the very high percentage of TCDD load calculated to be from
local sources is one prediction that is not at all sensitive to the calculation — without a
missing higher concentration source — there can be no other result from this calculation.

M

I have commented extensively above.....I would only say that there are strengths and
weaknesses of this major assumption. The lower the chlorination of PCBs the more it is
it is expected that the conservative particle tracer approach will underestimate recovery
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10.

11.

12.

over time.....it is interesting to note however, that the observed dependence of
hydrophobicity on particle association is not as great as predicted from the lab when
compared to lab/theory based predictions, of this Richard will be quick to point out (but
still the lighter PCBs are still found to a much greater extent in the dissolved phase).
However — it is not surprising to me that lighter PCBs seem to be transported more or less
with more particle reactive heavier PCBs — this | believe (see Achman et al., maybe 1994
or so, for the rationale/evidence) because the water is relatively well buffered with all the
resuspended solids as solids go up and down into water flowing by — thus the amount of
PCB or similar contaminant that desorbs during a resuspension event may be very low.

I have commented on this too much already....lI would like to see more testing of the
parameters that drive the estimate of the resuspension term. | have no doubt that it is
high, but I want to be convinced that the estimate is as robust as suggested. As |
expounded on, my concern revolves around 2 issues....... first if the resuspension term is
lower, then the source concentration where TCDD is “eroding” would need to be
relatively high...... if this is true, | think the case would be more compelling that one
would want to place much more effort (I already do) on understanding the responsible
erosional/hotspot areas. A factor of four over the whole area means that there are
important areas that are more than a factor of four higher in concentration. The
resuspension term comes very much into play if one uses it in projecting changes of
concentrations as a function of actions or no-action....I’ve written too much about these
concerns above.

This is where | think the report is weakest and as written unacceptable, and | comment
extensively on this above — but the problem is not at all related to 7-Be interpretation in
my view

No I don’t think any of this is justified satisfactorily at this point. A it is written | am not
persuaded by the arguments or data analysis provided.....as | point out some of the
biggest potential hotspot concentrations of TCDD have been observed above MP 8 —
there are many muddy areas that are not as depositional and they may be important
sources of erosion of relic COPCs.
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MEMORANDUM

To: Alice Yeh (USEPA Region 2) Date: June 26, 2008
cc: Bruce Fidler (Malcolm Pirnie)

Project: Passaic River
Subiject: Peer Review of Comprehensive Conceptual Site Model

Tt Pjn: 100-RTP-T18082-05 Ref: Task 2.34 (WAD2, WO 2)

1 Responses to Charge Questions

Malcolm Pirnie, Inc. released the Peer Review Draft of the Comprehensive Conceptual Site Model of the
Lower Passaic River on May 31, 2008. The report has three main components: the Conceptual Site
Model (CSM) itself, an Empirical Mass Balance Model (EMBM), and a forecast model. General
comments on each of these components are provided in Sections 2-4 of this review. Malcolm Pirnie also
provided a list of specific charge questions. In this section, I have provided relatively brief responses to
each of the charge questions, in several cases referring to more extensive discussions in the following
sections of the review. The charge questions are reproduced below in indented italic form, interleaved
with responses in normal font.

Adequacy and Use of Data

1. Are the data used in the CSM adequate to support its conclusions?

The report draws conclusions in a number of different areas. The general conclusions of the CSM that
(1) legacy contaminants within the Lower Passaic are the main source of ongoing contamination of
surface sediments, (2) the majority of resuspension of legacy contaminants occurs between RM 0 and RM
8, (3) contributions occur from the Upper Passaic and Newark Bay, but are of lesser importance than the
contributions from legacy sediments, and (4) contributions from other sources appear to be minor, are
adequately supported by the data — although some minor caveats are expressed below. More significant
problems pertain to the conclusions of the EMBM, but this question is construed to refer to the CSM
only.

In addition to a general assessment, please comment on the following specific issues with regard to
the adequacy of the current data set:
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o Are the sediment sample results collected in the lower eight miles used appropriately in
characterizing the contaminant inventory and gradients in three dimensions for the purposes of the

MB?
. | 61
Yes, these results appear to be used appropriately. | D

o Are the results of the high resolution cores collected above Dundee Dam sufficient to represent
background loading levels for the system?

Both dated cores and fine-grained surface sediment samples are available above Dundee Dam. Although
one could wish for more data, these samples are sufficient to represent the pollutant concentrations in
depositing sediments above the dam. Whether they are adequate to represent upstream loads is less
certain. Solids that move across the dam during major flow events could well differ from those solids
retalned in con51stently depositional areas above the dam. Unfortunately, no direct evidence on this point
e andll believe the use of the available depositional sediment data is adequate for the

purposes of the CSM.

o Are there sufficiently robust data of appropriate kinds to characterize the contaminant loads that
enter the lower eight miles of the river from external sources, i.e., from tributaries, from combined
sewer outfalls (CSOs) and storm water outfalls (SWOs), from in-stream sediments above RM8 and
from Newark Bay?

There is a shortage of data to characterize inputs from external sources to the lower river, particularly

have very different pollutant signatures, and use of average or typical values could hide the presence of
elevated pollutant concentrations from individual stormsheds. It appears likely, however, that the
CSO/SWO input is a minor fraction of the total pollutant mass balanced, as is argued in the report.

o Are the available data adequate to verify that there are no important on-going, unquantified
sources?

from CSOs and SWOs. This is discussed further in Section 2 below. Individual CSOs and SWOs can _

This guestion asks us to prove a negative, which is always difficult.f The analysis of the mass balance for
the entire Lower Passaic does provide a reasonably conclusive argument that the major sources are known
and correctly identified. § This does not preclude the possible presence of locally important, on-going,
unquantified sources. For example, longitudinal TCDD profiles continue to show a concentration
gradient from RM 12 downstream, despite the argument that the system is well mixed longitudinally
between RM 2 and RM 12. This suggests that it is possible that there are on-going loads in stormwater

from the former facility that was cited as being in this area.

2. Is the use of the contaminant data associated with recently deposited, beryllium-7 (Be-7)bearing,
surface sediment in the CSM-EMB sufficiently explained? For example, most reviewers of CSM
documents readily understand that contaminant data from the upper 6-inches of sediment are used to
evaluate exposure to biota and therefore to assess ecological risk. Is our description of the utility of
data from Be-7 bearing sediments, intended to characterize material that was just recently
transported through the water column and deposited on the sediment surface, similarly clear in its

implications for assessing fate and transport?
I Yes. !

Explanation of Assumptions and Uncertainties

3. Is sufficient attention given to quantifying and evaluating the impacts of uncertainties in
developing the CSM-EMB, particularly with respect to the ability to use these tools in evaluating
potentially large and very costly remedial alternatives? Are the magnitudes of the uncertainties
associated with the data supporting the EMB predictions sufficiently bounded? Are the uncertainties
associated with predicted post-remedial surface sediment concentrations and estimates of

]
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contaminated sediment transport into the lower eight miles from above RM 8 and from other extern

al
sources adequately described? _E

IUncertalntles are, in generali adeguatelx described throughout the CSM chaRtersl 1 do not feel, however

that the impacts of these uncertainties on EMBM conclusions are sufficiently acknowledged.§ A detailed
discussion of some of these issues regarding the EMBM is contained in Section 3 of my comments, and
the impacts of this uncertainty on post-remedial forecasts is provided in Section 4. In particular, the

e forecast evaluations of remedial alternatives are not adequately
described. This is especially true for all statements that depend on predicted time to reach a target or
asymptote, which in many cases provide a single quantltatlve statement of number of years, desplte the

hapter 20 and the Summary in the report both should provide addltlonal discussion of the uncertainties
associated with the forecasts and the potential impacts of such uncertainties on remedial decision making.

4. Since the use of a deterministic model (a model where outputs are described using mechanistic
descriptions of the processes occurring in the system of interest) may be more common in a physically
complex surface water body such as this partially stratified estuary, has the use of a receptor model,
such as the EMB (where concentrations measured at sources and receptors are used to identify the

presence of and to quantify source contributions to receptor concentrations) been sufficiently
justified?

The general use of a receptor model to evaluate source contributions as one among multiple lines of
evidence is sufficiently justified in the report. However, as noted above, too much precision has been

attributed to the results of the EMBM application and uncertainties associated with EMBM forecasts have
not been fully acknowledg_ged.

5. Is the premise credible that the loads from atmospheric deposition and groundwater are
considered negligible in the formulation of the EMB?

The premise that atmospheric deposition and groundwater flux (separate from resuspension) are
negligible contributors to the total mass balance of most pollutants under current conditions is generall

continue to be considered negligible in the lower-loading conditions after remediation.
— -

6. Does the CSM adequately justify the premise that the various external contaminant source profiles
utilized in the EMB (tributaries, CSOs, etc.) are independent?

The receptor model approach assumes that the different source area profiles are independent of one
another. This i is commonly stated as a requirement for receptor models as correlatlon between profiles
can interfer 1]
spectra.f In the case of the Passaic the receptor model application is steady state, so the potential issue is
correlation among the pollutant spectra. For example, the mercury concentration in one source should not
be fully predictable from the TCDD concentration and the relationship between TCDD and mercury in
another source. In fact, complete independence of source profiles is not required to solve such problems;
rather, they must not be exactly correlated, as that would cause a situation in which the inverse problem
does not have a unique solution (because the transfer matrix cannot be inverted). Presence of partial
correlation will cause problems, but not preclude a solution.

For the Passaic. not all source profiles are fullv independent of one another. For instance, the Newark
Bay source profile is clearly related to the Upper Passaic legacy sediment profile, as well as to the other
sources. The report makes an assertion of independence, but does not actually test the extent to which
this is true (for instance, by calculating the cross-correlations between source profiles). However, as

noted above, the real need is for the source profiles to be sufficiently independent to allow solution of the
inverse problem.
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Solving the receptor model is analogous to fitting a linear regression model, which requires an
assumption that there are not exact linear relationships among the independent variables. When partial
correlation is present among the independent variables (a condition commonly dealt with in linear
regression problems and termed multicollinearity), development of a least squares solution is still
possible, but there are consequences for the estimation. Minimizing the sum of squared errors still
provides a best linear unbiased estimator, but the power of the model is reduced. A summary of the
consequences of multicollinearity in regression problems is fully applicable to the receptor model casel:
“The major undesirable consequence of multicollinearity is that the variances of the...estimates of the
parameters of the collinear variables are quite large. These high variances arise because in the presence
of multicollinearity the...estimating procedure is not given enough independent variation in a variable to
calculate with confidence the effect it has on the dependent variable... Having high variances means that
the parameter estimates are not precise (they do not provide the researcher with reliable estimates of the
parameters) and hypothesis testing is not powerful (diverse hypotheses about the parameter values cannot
be rejected).” Among the various appropriate responses to multicollineari

information to constrain one or more of the coefficients.§ The EMBM properly takes this approach by
introducing constraints on parameter ranges based on the relative proportion of solids loading from
different sources that is believed to be reasonable based on physical evidence and relative areas. While
this does help to address the multicollinearity problem, I will argue below that some of the constraints
atershed area constraint on CSOQ/SWO 1oads) mav be tag restrictive

7. Please comment on the appropriateness of the constructs and assumptions used in the
mathematical formulation of the EMB.

I'here are some significant potential problems with the mathematical implementation ot the EMbBM.
Fitting is to mean-normalized squared errors, not chi-square as stated, which weights the fit to
contaminants that have a low concentration instead of toward those with high precision. The solution
presented does not appear to be the optimal solution, and model results are sensitive to small changes in
assumptions. These issues are discussed in detail in Section 3 of these comments.

Clarity and Correctness of Data Evaluations

8. Are the available data and the observations made from them sufficient to support the following
findings of the conceptual site model (CSM) regarding sediment fate and transport?

o Although the Lower Passaic River is a partially-stratified estuary, the recently deposited sediments
between RM2 and RM12 are sufficiently similar (and likely mixed by tidal action over time) that they
can be represented by single average concentrations of each contaminant in the EMB relative to the

gradients observed for external sources and end members.

_Representation of recently deposited sediments between RM2 and RM12 as fully mixed is somewhat
problematic as there do appear to be consistent spatial gradients. For instance, 2,3,7,8-TCDD in 'Be-
bearing samples appears to decline by a factor of about 2-3 between RM 12 and RM 2 (Figure 14-4j) and
somewhat smaller gradients are also evident for many metals. These internal gradients are sufficiently
small relative to the external sources and end members that use of a receptor model, based on average
concentrations, is acceptable as a means of investigating the overall mass balance of pollutants in the
Lower Passaic. This simplification does create problems for evaluating and comparing remedial
scenarios, as is discussed further in Section 4 of these comments.

o Approximately 95% of the dioxin currently accumulating in the recently-deposited sediments on the
river bottom is due to resuspension and subsequent deposition of the bedded legacy sediments; i.e.,
an internal source is driving the dioxin concentration in recently deposited sediments.

1 Kennedy, P. 1979. A Guide to Econometrics. MIT Press, Cambridge, MA.
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The finding that the majority of the dioxin currently accumulating in the recently-deposited sediments is
derived from resuspension of legacy sediments is supported by multiple lines of evidence. Due to

uncertainties in the EMBM formulation, I would characterize this as “90% or more” rather than
“approximately 95%.”

9. Is the EMB’s exclusive focus on conservative, particle-reactive contaminants appropriate to
understanding and predicting future surface sediment concentrations of interest in the risk
assessment, or should alternate consideration be given to dissolved constituents, such as lighter
molecular weight PCBs?

Human and ecological risk at the site is dominated by dioxins, followed by higher molecular weight PCBs
particularly dioxin-like congeners with high TEQs. These substances are strongly particle-reactive and
long-lived in the environment, making the focus on the movement of particle-bound pollutants
appropriate. Various other contaminants are also present above target levels, and some of these are less
dominantly transported in association with particulate matter§ However, it is particularly appropriate for
an Early Action decision to focus on the major sources of risk, which are particle-reactive and relatively
conservative. A full analysis of site risks and responses to remedial options would require a more
comprehensive examination that accounts for transport in the dissolved phase — and don’t forget the
DOC-sorbed phase (typically resolved as “apparently” dissolved in sample results) that can play an
important role in the transport of hydrophobic contaminants.

10. Please comment on the appropriateness of the process and outcome of the selection of the
resuspension source term input for the EMB. Is the justification of the selection sufficiently robust?
Do the lines of evidence derived from sediment stability evaluations support the source term
selection?

The resuspension source term is characterized as equivalent to 1995 core tops in the Lower Passaic.
Earlier iterations of the EMBM revealed that there were multiple solutlons to the receptor model, with
rather dlfferent implication

clear is whether thls is a phenomenon that occurs throughout the Lower Passaic or is dommated by
erosion of specific hotspots. The specific selection of the 1995 layer to represent this source appears
somewhat arbitrary.j As stated on p. S-41, “the mean concentrations of the 1995 0 to 6 inch layer were
applied and found to yield a satisfactory fit in terms of both chemistry as well as sediment mixing
volume.” It does appear that some other specifications, such as use of LWA concentrations, may yield a
satisfactory fit on the EMBM but are inconsistent with available evidence on sediment dynamics in the
system. However, representation of the resuspension source by the 1995 core tops is a gross
approximation at best, and multiple other solutions consistent with the weight of geochemical data are
still likely to be feasible. Within the context of the EMBM this could be investigated by synthesizing
other “years” based on exponential decay formulations applied to the 1995 concentrations, in addition to
evidence from dated cores. But, it appears more likely that the actual process of recontamination results
from erosion of legacy sediments of a variety of ages — something that cannot be represented in the
simplified form of the EMBM Use of the 1995 core tops appears to pr0V1de a reasonable approx1mat10n
to the ensemble behayi

optimal approach to remediation could well involve more focused (and less costly) remediation of
specific high-risk source areas, but such scenarios cannot be evaluated within the current framework. If
the EMBM forecasts are used as a basis for an Early Action decision, other lines of geochemical evidence ™
need to be used to remediate the highest-risk locations first, with provisions for adaptive management to
adjust the remedy as additional information is collected.
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Appropriateness of Conclusions

11. Are the dated sediment cores and analyses of Be-7 bearing surface sediment samples sufficient as
the basis for estimating post-remediation contaminant concentrations in sediment in the Lower
Passaic River? Please comment on whether the predictions of postcleanup sediment concentrations
are sufficiently supported and realistic given what is known about the system. Are the appropriate
pre- and post-remediation conditions (including contaminant sources and the potential for
recontamination) adequately represented in the predictions?

Model forecasts based on decay rates are highly problematic given the variability in the data used to
estimate these rates, as discussed in Section 4 of these comments. The uncertainty in estimating decay
rates has significant effects on the predicted ability of remedial actions to achieve goals; however, the
effect on relative performance of the remedial alternatives and their comparison to natural attenuation is
less severe. The EMBM approach is significantly limited in its ability to represent pre- and post-
remediation conditions — and thus the potential for recontamination — due to its assumption of completely
mixed, homogenous conditions between RM 2 and RM 12.

12. Sediment stability evaluations (presented in the CSM) have led to the development of remedial
alternatives that address the entire sediment bed of the lower eight miles of the river for comparison
with No Action. Please comment on the significance of the uncertainties involved in this evaluation
with respect to whether the entire bed of the lower eight miles of the river needs to be remediated, or
whether remedies addressing only part of those sediments might be effective to reduce the surface
concentrations in the Lower Passaic River to meet cleanup goals. In light of the uncertainties
involved, are sufficient lines of evidence used in comparing the effects of the different remedial
approaches to justify eliminating actions more limited than the entire lower eight miles? Is there
additional evaluation of the available data that might provide adequate justification to add one or
more limited early action alternatives that address smaller, highly contaminated erosional areas
within the lower eight miles?

It is clear, as stated (p. 11-40), that “much of the river bottom is subject to large movements of several
inches of sediment, resulting in multiple layers of deposition of alternating silts and sands.” It does not
necessarily follow from this observation that remedial alternatives must address the entire sediment bed of
the lower eight miles of the river — although that is the only alternative that the EMBM approach is reall

epositional during the periods of maximum pollutant discharge to the river. Recontamination from
legacy stores occurs from areas that are currently erosional (but were previously depositional).
Significant loads are most hkely from areas that have recently shifted from ade os1t10nal to erosmnal

Lower Passaic River may be approximately constant.f The spatially averaged EMBM approach is not
capable of evaluating remedial options at a finer spatial scale than the entire length of the Lower Passaic
below RM 12 or some specified fraction of that reach (e.g., RM 0 to RM 8) based on the assumption of
complete longitudinal mixing. It is likely that more limited early action alternatives that address smaller,
highly contaminated erosional areas would be more cost-effective than broad-scale remediation. but the
tools are not in place to evaluate this.§ Use of a detailed hydrodynamic and sediment erosion would
obviously be useful to evaluate targeted remediation. The currently available data may provide some
clues suitable for early action intervention. For instance, the bathymetric profiles could be reanalyzed to
provide some indication of areas in which erosion is progressing into areas with significant stores of
legacy contamination. Such areas would be natural high priority candidates for early action.
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2 Comments on Conceptual Site Model

The report has three main components: the Conceptual Site Model (CSM) itself, an Empirical Mass
Balance Model (EMBM), and a forecast model. The CSM (Chapters 2-16) is the heart of the report, and
assembles the available physical, hydrological, and geochemical data — despite their limitations — into a
convincing account of the processes that determine conditions in the Lower Passaic. The EMBM and
forecast model are, in a sense, add-ons that attempt to extrapolate the CSM beyond what the data will
support.

Although I found the CSM to be, in general, a comprehensive and well-supported analysis of the
evidence, the report did raise a number of questions that may need to be further addressed.

The report focuses on contaminants of potential concern (COPCs) on sediment, largely ignoring
mass and transport in the dissolved phase or sorbed to dissolved or colloidal organic matter (both
of which are in most cases analytically resolved as part of the dissolved phase)§ This is, in part, a
nction of the available data, as water column monitoring 1s sparse at best. It 1s also a reasonable
approximation for hydrophobic contaminants that occur predominantly in particle-sorbed form.
The approach also assumes that boundary condition concentrations on sediment are equivalent to
concentrations on depositing sediment within the river, ignoring any transformations in the water
column. HoweverlJthese approximations may not
the case for lower molecular weight PAHs, the distribution of which is not explained well by the
CSM or EMBM, and may also be the case for mercuryj which can experience transport in the
dissolved elemental form, transtormation from elemental to particle-reactive ionic form due to
photoionization, and methylation to organic form in the water column (as well as the sediment).

2. § The focus on sediment-sorbed concentrations could be particularly problematic for organics in
SWOs/CSOs. It is quite possible that these stormwater sources could include non-aqueous phase
loads of hydrophobic contaminants from industrial sources, not associated with sediment loads.

3. The report contends that stormwater loads of contaminants are relatively insignificant relative to
resuspension and upstream/downstream loads in the Lower Passaic; however, samples collected
from stormwater outfalls were excluded from the analysis on the argument that these samples
were collected from below the high tide mark and were influenced by recontamination from the
river (Chapter 4 and 8). This could well be the case, but making this case means that there is little
valid evidence on SWO contributions. The CSM makes the argument that the SWO contributions
should be similar to contributions monitored in the monitored tributaries that drain similar land

contributions from individual source areas cou e significant to the mass balance in the Lower

1ftferences (1n some cases statistically significant
CSO/SWO samples and the CARP CSO/SWO data that are not adequately explained.

4. EEE iEEE_Ea Eaiiaa iEEEE EEE E:EZ EZEEE E ;EHEEEE EEE EEE;E;i ziiEEnown YChapier 8 indicates

that these loads were based on unit-area loading from the Saddle River, and work out to 65.1
yd*/mi*/yr, or about 137 kg/ha/yr. The loading rates for the gaged Saddle River (along with the
assumed density of about 0.712 g/cm’) are taken from Lowe et al. (2005)2. The cited article
provides no details on this calculation, but instead refers to an earlier LMS report3. That report
also provides few details, saying only that “Flow and TSS measurements at USGS station

2 Lowe, S., K. Abood, J. Ko, and T. Wakeman. 2005. A sediment budget analysis of Newark Bay. Journal of Marine Science and Environment, C3: 37-43.

3 LMS. 2004, A Macro Assessment of Newark Bay Sediment Budget. Prepared for The Port Authority of NY & NJ. Lawler, Matusky & Skelly Engineers, LLP,
Pearl River, NY.

~
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areas. This may be reasonable in general, but does not preclude the possibility thafjstormwater

68



Review of Passaic River Comprehensive Conceptual Site Model 6/26/08

#01391500 in Saddle River at Lodi, NJ were used to estimate loads...”] The undocumented 72
method for estimating load could be important here, as the st '
load can often introduce bias into sediment load calculations.§ The delivered loading rates for
Saddle River do appear reasonable, but are clearly less than jear-source literature Values for

from general urban land uses of 200 4800 kg/ha/yr, with loads from industrial land uses ranging
from 450 — 1700 kg/ha/yr. The delivered load at Lodi is presumably substantially less than the
generated land side load due to retention and trapping. However, the sediment delivery ratio is
generally a function of watershed area, which is 54.6 mi” at Lodi. Indeed, the sediment delivery
ratlo at Lodi should be on the order of 9%?, using the relationship SDR = i)’

1 mi” stormwater drainage should have a sediment delivery ratio around 31%, leading to a
delivered load rate of about 470 kg/ha/yr, 3.4 times the rate assumed for characterization of thg

does appear however, that the contribution of solids from CSOs/ SWOS is at most a few percent
of the total solids balance, and may be of much greater concern that the pollutant concentrations

5. | The discussion of the pore water boundary contribution in Chapter 9, using the Reible model,
concludes that this is not a major source of contaminant flux to the river. The conclusion appears
reasonable; however, there are problems with the way the argument is made. The Reible
approach evaluates equilibrium partitioning between sediment and porewater, then uses the
porewater velocity and sediment area to calculate load to the water column. The seepage velocity
is a key parameter here. Apparently areal groundwater discharge rates were estimated by
baseflow separation, then applied to the Passaic River direct drainage (the calculations are not
given in detail). It seems clear that this approach will drastically overestimate seepage velocity
through contaminated fine-grained sediments, because (1) groundwater discharge will occur
predominantly through coarse-grained sand lenses, and (2) a significant portion of the total
groundwater discharge from the direct drainage is likely intercepted by the stormwater
conveyance system in this relatively flat topography. Other types of non-erosional flux out of the
sediment (including diffusion, biological pumping by benthic organisms, and methane ebullition)
are not discussed here, presumably because they would be lumped into the general
“resuspension” term in the EMBM.

6. The discussion of atmospheric boundary conditions (Section 9.2) is very brief, and begins with an
assumption that this is a minor contribution, “not expected to be substantial transport
mechanisms.” Atmospheric contributions are essentially dismissed based on observed metals,
TCDD, chlordane, and PCB concentrations, although the actual data supporting this claim is not
documented in any detail.ICIeariy, atmospgerlc aeposmon IS not the major source of many of the
contaminants in the Lower Passaic — but this does not mean that it does not play a role in the mass
balance of contaminants, particularly in the evaluation of future conditions as in situ regeneration

of loads declines. Nearfield combustion sources of PAHs via atmospheric deposition might be of

particular importance, but are not discussed here, despite the fact that PAHs are included in the
EMRBM fit

7. § The discussion of salinity data in the hydrodynamic evaluation notes problems with probes,
attributed to “debris.” The observed problems with these data seem more likely to be due to

4Sonzogni, W.C. etal. 1980. Pollution from land runoff. Environ. Sci. Technol., 14(2): 148-153.
5 Maidment, D.R., ed. 1992. Handbook of Hydrology. McGraw-Hill, New York
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Analy51s of fit of the hydrodynamlc model to salt front posmon should ideally employ a harmonic
analysis. These issues are, however, mitigated because the analysis of salt front position in the
CSM is used only in a qualitative way to establish that the water between RM 2 and RM 12 is
tidally mixed.

8. | In the discussion of solids transport (Chapter 11), the apparent lack of strong correlation between
depositional rate estimates from bathymetric surveys and core classification (p. 11-37) is
disappointing, particularly as the reason is cited as “unknown.” This calls into question whether
the bathymetry is sufficiently accurate to establish sedimentation/erosion rates and/or whether the
"'Cs data interpretations are valid. I suspect both analyses are valid (although you will need to
support this in stronger terms) and that the lack of correlation is primarilv due to scale issues
with a core representing only a 6” segment of the bottom.l That, however, suggests that erosion
and deposition in the Lower Passaic is extremely heterogeneous at a fine scale, making the
identification of high-risk erosional hotspots problematic.

9. The characterization of historical sediment (Chapter 13) discusses apparently higher
sedimentation rates prior to the 1963 BCs marker than occurred subsequently This is hkely
related to the gradual r
navigational dredging§ The analysis assumes that one constant deposition rate applies prior to
1963, and another lower rate applies after 1963. If the decline in deposition rates is due to
gradual filling of the dredged channel, wouldn’t it be more appropriate to assume a deposition
rate that declines exponentially over time, rather than imposing a step change?

Dundee Dam) is described as an important source of total PCBs to the Lower Passaic, but the
fraction of highly chlorinated PCBs above Dundee Dam is much greater than seen in the Lower _
Passaic. This suggests a situation in which PCBs in the Dundee pool are being dechlorinated,

with preferential transport (perhaps in DOC-sorbed form) of the lighter congeners into the Lower

Dassaic
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3 Comments on Empirical Mass Balance Model

An Empirical Mass Balance Model (EMBM) was constructed to synthesize the results of the CSM and is
presented in Chapters 17 — 19 of the report. The EMBM is a receptor-type model, which attempts to
explain observed concentrations in surface sediment in the Lower Passaic River based on fitted
coefficients that account for the proportion of loading due to each source.

Receptor models are often used, with some success, in air toxics modeling. In a typical application,
observed concentrations at a given monitoring location are described in terms of the fractional
contribution from multiple emission sources. In most cases, these are point-to-point relationships,
although diffuse sources may also be included. Solution may be sought either in terms of temporally
averaged concentrations or by fitting to time series.

It is important to note that the Passaic River application is not based on a point-to-point relationship. The
output or receptor concentration is the average concentration in 'Be-bearing sediments in the Lower
Passaic, while the input or source concentrations include average concentrations in Lower Passaic legacy
sediment, average concentrations in upper Newark Bay surface sediments, and average concentrations in
multiple CSOs and SWOs. Contributions from the Upper Passaic, Saddle River, and Second River are
essentially point-in-space inputs; however, their spatial relationship to the receptor is lost because the
receptor concentration is an average over the Lower Passaic. All these inputs are also specified as
temporal averages, although the time-basis for the data averaging is unavoidably inconsistent for the
various sources.

Many techniques have been developed for receptor modeling. These generally fit into two classes: source
profiles known, and source profiles unknown. Where source profiles are known, the model can be solved
by a simple mass balance approach or through use of multivariate calibration methods like partial least
squares, artificial neural networks, or genetic algorithms. When the number and strength of source
profiles is unknown, the problem is much more difficult, although techniques such as positive matrix
factorization have been applied.

The EMBM application for the Passaic reduces the problem to the simplest possible formulation:

consideration of a single receptor site, with the assumption that the source profiles are known. Both are
somewhat problematic. First, the receptor is actually an average over about 10 miles of river. Even —
though strong ev1dence is presented for longrtudlnal mixing throughout this length, there are also evident

Figure 14-15a shows that the 2007 2008 surface sediment concentrations of 2.3.7.8- TCDD decline b

about a factor of about 2-3 between RM 10 and RM 2. IThe number of sources is considered known only k
or instance, a WOs are represented as a single source, although they
could be very different from one another depending on the land that is drained. The source profiles are
also highly uncertain: there are severe data limitations for some sources, as well as indication of
significant spatial gradients within some unitarily defined source areas, such as Upper Newark Bay. The
problem is particularly acute for the key internal resuspension source. Not only is this somewhat
arbitrarily defined as equivalent to the 1995 core topsibut the data are highly variable for many
parameters, with coetficients of variation n excess of 200% for 2,3,7,8-TCDD and total TCDDs.

In fact every depositional area within the Lower Passaic is a somewhat different receptor, and eve

different receptors and sources; however, the analysis could have been done in a variety of different ways
—for instance by subsetting the length of the Lower Passaic into more than one receptor (and more than

lvine the model usine a multivariate anproach

Targets for the receptor analysis were selected via a cluster analysis to identify independent contaminants
that “provide a relatively unique pattern for each of the various sources.” This is a necessary step to
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reduce multicollinearity, but also contains subjective components that may influence model results. In
theory, the EMBM is predicting only solid-phase transport. One identified cluster of PAH compounds
“was not included because it contained mostly 2- and 3-ring PAH compounds, which likely have
significant dissolved phase concentrations.” On the other hand, TOC is included, and TOC can also have
a significant dissolved phase concentration. It can also be created in situ through algal growth, which
may make it a poor candidate for a solids-based EMBM. Some other constituents may also have

converted to solid phase on photo-ionization. For the organics, solubility is expected to be low (total
PCBs is defined as the sum of Aroclors 1248, 1254, and 1260, and thus likely does not include most of
the mono- and dichlorobiphenyls that can have significant dissolved fractions); however, as we have seen
in the Hudson, these type of compounds can have significant fractions sorbed to DOC in the water
column, which move independent of sediment and are often with the filtered (apparently dissolved)
fraction in sample results.

significant non-solids phases. For example, mercury can be transported as dissolved gaseous mercury and

Application of a receptor model 1s a classic problem in inverse modeling, and inverse modeling problems
are inherently difficult in the face of data uncertainty. The text (Equation 18-2) presents the model as:

p
WZ%ﬁxw

where Y; is the receptor concentration of constituent i, fj is the fraction contributed by the jth source, and
Xij is the concentration of constituent i in the jth source. This simplistic presentation ignores the presence
of measurement uncertainty in both the Y and X. The uncertainty in the Y; implies that the receptor model
should properly be written with a disturbance term as

P
Yo=> f X +e,
j=1
from which it is evident that the receptor model is actually a multiple linear regression problem — as is
acknowledged through proposed use of a chi-square fit criterion in the parameter optimization. However,

there are also considerable uncertainties 1n the source (regressor) terms, the Xj;. Stochastic regressors can
cause problems with chi-square optimization. In general, if the disturbances in the regressors are
independent of the disturbances in the receptor measurements no bias is introduced; however, if the
disturbances in the regressors are correlated with the disturbances in the receptor measurements the
resulting fit may exhibit systematic biases, because some of the disturbance-generated variation of the

b

example, if the estimated value of the receptor mean concentrations are overestimated relative to the true
average (due to choice of sampling locations, for instance), then too much weight will be assigned to
sources whose strength is also over-estimated.

Fitting of the EMBM is done through numerical optimization, rather than solution of the normal
equations for the regression problem, but is subject to some of the same problems. | First, high variability
econd, the solution ma
be 1mpacted by heteroscedasticity. For instance, 1f the disturbances in measurements are positively scale-
dependent, then a chi-square fitting procedure will tend to exaggerate the effect on the fit of disturbances
in larger observed concentrations. It appears likely that a log transformation might improve the model fit
approach. Indeed, on p. 18-6 it is noted that “c; was ultimately replaced by Y; itself in the objective
function because the magnitude of the variability was found to depend on the magnitude of the detected
concentration.” This approach — which implies that the chi-square optimization was not actually used —
is, I believe, an incorrect response to this problem. Instead, suitable data transformations (e.g., log
transformation) should have first been used to reduce the scale-dependence of the disturbance term. In
essence, each chi square term in the summation has been multiplied through by the square of the CV, as
CV =o/p. This has the effect of weighting the fit toward those constituents that have a lower
concentration (e.g., TCDD) rather than toward those that have a lower variance. The approach taken

[ ]

leads one to suspect that the fit was gumoselx weighted toward TCDD.
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The optimization problem for the EMBM is set up with a series of constraints on the range of the relative
proportions of solids loading from different sources, derived from the analyses in the CSM, and a
requirement that the source fractions sum to 1. The constraints on relative proportions of solids appear
reasonable, except that the range may be too small for the CSO and SWO sources as noted above, and
some such constraints are likely required to obtain a physically meaningful fit in the face of
multicollinearity. However, the four constraints listed in the text on p. 18-7 differ from those set up for

Solver in the copy of the model provided to the peer reviewers.
I sum to 1 is not necessarily appropriate, given uncertainty in the regressors, and some variation about a
sum of 1 should likely be allowed.

According to Malcolm Pirnie staff, the final fit of the EMBM model was obtained using Crystal Ball, a

mmercial add-in to Excel. This version n 1i h [ IeVi H rdexploration of
the model response surface reveals a difficult optimization problem, in which the Excel Solver gradient
approach tends to become trapped in local minima. In part, this may be due to the constraint that the su
of the factors exactly equal 1. Parameter uncertainty and correlation introduced by multicollinearity in
the source data also likely plays a role.

The Base Case EMBM results reported in Table 19-2 do not appear to be correct and do not entirely
match the electronic file. Table 19-2 shows the fractions as 46% resuspension, 27% Newark Bay,
22% Dundee Dam, 0.5% Third River, 1.3 % Second River/SWO, and 0.3% CSO. First, these fractions
sum to 97.1%, apparently because Saddle River is omitted from the table. Second, the ratio of CSO to
Dundee Dam (Upper Passaic) is 0.0136, which violates the constraint stated in Equation 18-4d. The
electronic file, which appears to match Figure 19-2 (but not Table 19-2), gives the fractions as o
46.1% resuspension, 27.1% Newark Bay, 22.0% Dundee Dam, 2.4% Saddle River, 0.5% Third River,
1.3% Second River/SWO, and 0.5% CSO — and does meet all the stated constraints. This set of
parameters yields an objective function value of 0.385 (incorrectly labeled “Chi square”, as noted above).
The Excel Solver will not improve the model from this point — but the supposed fit can readily be shown
not to be a global minimum. Holding all but the first two components (resuspension and Dundee Dam)
constant, a better fit, with objective function value of 0.371, is readily obtained with 43.5% resuspension
and 29.7% Newark Bay (Figure 1). All constraints stated in the text are met with this revised solution.
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Figure 1. Alternate Model Fit, Base Case with Resuspension = 43.5%
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Why the Crystal Ball application failed to find a better fit (at least as good as the one shown above) is I—I 107 I
unclear and needs to be explained.

Certain aspects of the EMBM solution emerge naturally from the data. Most notably, the receptor TCDD
concentration is higher than any of the sources other than the resuspension source. This is also the case
for chromium, cadmium, and total PCBs. Thus, a solution that minimizes apparent error on any of these
parameters will tend to show a relatively large contribution from resuspension. In contrast, for chlordane
only the local tributary sources (Saddle River, Second River, Third River, CSO/SWO) are greater than the
target concentrations — guaranteeing that a non-zero contribution from these sources will be estimated if
chlordane is included in the sum of squares. Other pollutants have less unique signatures that can be
synthesized in multiple ways.

This suggests that the apparent solution is sensitive to the constituents that are included in the
optimization — and indeed this seems to be the case, within limits. Optimization (using the non-chi-
square objective function and the constraints provided in the sample file) on the PAH, organics, and
metals contributors as separate groups yields resuspension contributions ranging from 53.5 to 59.7%,
contributions from Newark Bay ranging from 3.6 to 15.5%, and contributions from the Upper Passaic
ranging from 23.6 to 26.6 %. All of these differ from the Base Case calibration in having higher
contributions from resuspension. One reason for this is revealed by a calibration to TOC only, which
produces an estimated contribution from resuspension of only 27.3%.

A fit to the same set of variables used in the base case that minimizes chi-square error (rather than mean-
normalized error) while meeting the stated constraints yields rather different results, with 37.3% from
resuspension, 37.1% from Newark Bay, and 20.9% from Upper Passaic River. As expected, this fit de-
emphasizes TCDD (Figure 2).
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Figure 2. Chi-Square Fit for the EMBM

One way to evaluate the impacts of regressor uncertainty on the EMBM results would be to do a
comprehensive Monte Carlo simulation, in which the regressor concentrations are either generated from
statistical distributions or obtained by bootstrap resampling from the data. This has not been done (and
might well not be worth the effort, as noted below). Instead, the CSM report presents a limited number of
sensitivity analyses. The sensitivity analyses evaluate use of iron normalization, use of southern Newark
Bay source data, separation of SWOs from Second River data, and lognormal transformation with MVUE
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fit. The sensitivity analysis results (in Appendix H) are shown only in graphical form, but all appear to
result in an estimated contribution from resuspension in the 40-50% range. It should be noted that the
reported sensitivity scenarios do not evaluate use of subsets of the target parameters or use of the chi-
square (rather than mean normalized) criterion.

In sum, the EMBM is beset by many forms of uncertainty. Results should be regarded as rough
approximations only. It should also be kept in mind that the EMBM is an analysis of correlation, not
causation, as it is not a physically based model. Essentially, what the EMBM tells us is that the largest
contributor to contaminant concentrations in current depositional sediment as an average across the
Lower Passaic River is resuspension of buried contaminants from within the Lower Passaic, with smaller
contributions from the Upper Passaic and Newark Bay We already knew this from the TCDD profiles.

The qualitative confirmation of the CSM is a useful result of the EMBM.} Does the lack of reliable
quantitative results from the EMBM matter? The EMBM is not directly used as a basis for decision.
However, it indirectly impacts the analysis of remedial options because the EMBM is used to evaluate the
fraction of loads that are not subject to control by remediation within the Lower Passaic.

14
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4 Comments on Forecasting Applications

The third major section of the report addresses forecasting concentrations in recently deposited sediment,
which is used to compare remedial options

The forecasts consist of two components: a reconstitution of sediment sources that depends on the EMBM
results and an estimate of half-life for the resuspension and Newark Bay sources. While the resuspension
and Newark Bay sources are assumed to naturally decline with time, the other sources are not. The
calculation of half-lives must address only the resuspension and Newark Bay components, obtained by
difference, so this estimate also depends on the EMBM results. In sum, uncertainty in the EMBM
propagates into the forecast concentrations in two ways: through the mixing equation and through the
estimation of half lives.

The half-lives are based on logarithmic regression through dated core segments (after 1980 only) in the
Lower Passaic, after correction for the estimated portion of the load due to external sources. Source
concentrations in Northern Newark Bay (which lacks recent high resolution cores) are assumed to decline
at the same rate as the resuspension source in the Lower Passaic River — an assumption that is cited as
“rational, and perhaps conservative.” I am not sure the selection is rational, as the Northern Newark Bay
source is conceived of as active surface sediments, while the Lower Passaic River resuspension source is
supposed to represent buried legacy contaminant mass in place since ca. 1995, but there do not seem to be
data to support an alternative.

Results produced by the forecasting for a given contaminant will depend on the fraction of load that is
estimated to be derived from external sources and the relative length of the constituent half life. If the
fraction derived from external sources is large, then remedial options in the river (including natural
recovery) will have little effect. If the external source is large and the half-life is long, river
concentrations should asymptote to the mixed concentration associated with the external load, while if the
half-life is short they will asymptote to a low value. If the external load fraction is low then exposure
concentrations in the river can be reduced. If the half life is short, then natural recovery will compare
well with active remediation; if the half life is long and the external load fraction is low, then active
remediation will show a distinct advantage over natural recovery.

The comparison between remedial options depends critically on the estimated half life. It is therefore
somewhat disturbing to see the high levels of uncertainty present in the half-life estimates. In particular,
for 2,3,7,8-TCDD, which is the major contributor to risk, the R” value cited for the half-life regression is
only 0.19, and values for several other compounds are not much better.

2,3,7,8-TCDD is the compound for which we might expect the most unambiguous results, as it is well
studied and dominantly derived from resuspension in the Lower Passaic (and thus is not much affected by
errors in source fraction attribution in the EMBM). The relatively poor fit appears to be a direct result of
the simplifying assumption that concentrations are longitudinally mixed throughout the Lower Passaic
below RM 12. This can be seen by examining the individual core trajectories (Figure 3). The half-life
used in forecasting (25.6 years) is based on simultaneous analysis of all the data. However, most of the
cores show parallel, but not collocated trajectories, while one core (RM 1.4) appears to show a distinctly
different slope. In other words, the cores do not represent longitudinally constant conditions, and
lumping the different cores together obscures the underlying trend in individual cores.

-
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High-Resolution Core Results for 2,3,7,8-TCDD
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Figure 3. Individual Core Trajectories for 2,3,7,8-TCDD

Fitting trajectories to individual cores yields much higher R* values, but also reveals spatial differences in

rates of attenuation (Table 1).

Tablel. 2,3,7,8-TCDD Half Life Calculated from High Resolution Cores
Location Half Life (yrs) Lambda R?
RM 1.4-12.6 (report) 25.6 0.027 0.19
RM 1.4 79.2 0.009 0.286
RM 2.2 25.8 0.027 0.572
RM 11 48.2 0.014 0.153

As shown in the table, the trajectory at RM 2.2 is similar to the ensemble trajectory, but half lives are

much longer at RM 1.4 and RM 11. The core at RM 1.4 appears to be in a part of the river that has not

reasonable.

operations. At a minimum, the
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A comparison of estimated trajectories with different half lives (Figure 4) shows that the reduction in

concentration associated with the remediation options changes little, on average, although the trajectory
slope changes, resulting in a 2080 concentration that is higher by a factor of about 3 when the half life is
increased by a factor of 3.
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Figure 4. Comparison of 2,3,7,8-TCDD Results at Half-Life of 25.6 (left) and 79.2 Years (right)

Substitution of a different EMBM solids fraction solution appears to have only a small impact on 2,3,7,8-
TCDD forecasts. To test this, I examined the chi-square solution cited in the previous section, which
leads to fractions of 37.3, 37.1, and 20.9% for resuspension, Newark Bay, and Upper Passaic,
respectively. This does not change the half-life estimate significantly, as most of the 2,3,7,8-TCDD
derives from resuspension in any case. The resulting forecasts look similar to those contained in the
report, but the 2080 concentrations are lower (0.080 vs. 0.092 ppb for the 6-inch biologically active zone
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forecast). Substituting the chi square solution into the PCB trajectory forecast also results in only small
changes, although the half life estimate declines from 22.8 to 22.5 years.

The model forecasts are also sensitive to specification of the “bioturbation thickness” — the depth to which
sediments are annually mixed. This is set at 6” in the forecast spreadsheets. This value seems rather
large, if bioturbation is indeed the mixing mechanism.j The SPI results for the Lower Passaic® suggest
that bioturbation is not effectively mixing more than a few cm at many locations, consistent with a more
general survey of bioturbation provided by Dr. Lick”. Instead, the SPI results and other considerations
suggest that many sites experience several inches of hvdrodvnamic scour and redeposition
result of cvcles of sediment erosion and deposition. § This may look like bioturbation in a ~’Cs profile, but
is a substantially different process, because the sediments are not mixed in place. This issue is probably
not a major problem for the EMBM because a simplifying assumption that depositional surface sediments
are well-mixed throughout the Lower Passaic is already incorporated, so deposition of several inches of
mixed sediment derived from locations throughout the Lower Passaic is equivalent to an assumption of
the same depth of in-place bioturbation (for the EMBM). Nonetheless, the assumption of a mixed depth
of 6” appears to be on the high side of the likely range (greater than both the typical surface layer
thickness and typical depth of the redox discontinuity observed in the SPI results). a smaller mixed
depth (which should not be called a bioturbation depth) may be appropriate for the forecasts.

The effect of reducing the mixed depth is to make both remediated and unremediated areas asymptote
more quickly to the current year estimate of total loads. The impacts of reducing the mixing depth from
6” to 1” on 2,3,7,8-TCDD forecasts are examined in Figure 5. The effect on general trajectories is small,
and largely confined to the first years after remedial intervention. However, the comparison of capped
and uncapped regions under the alternative in which only the primary erosional zone and primary
inventory zone are remediated are dramatic, with the two regions coming into equilibrium with one
another much more quickly with a reduced mixing depth.

6 Germano & Associates. 2005. Final Report, Sediment Profile Imaging Survey of Sediment and Benthic Habitat Characteristics of the Lower Passaic River,
Germano & Associates, Inc., Bellevue, WA.

7 Lick, W. (in press, 2008) The sediment-water flux of HOCs due to “diffusion” or is there a well mixed layer? If there is, does it matter? Environ. Sci. Technol.
(accepted)
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Figure 5.

In general, the EMBM forecasts appear fairly robust to the effects of altered source fractions or

the forecasts are based on a number of simplifying assumptions, including:

e The Lower Passaic is assumed to be longitudinally mixed from RM 2 to RM 12, with
assumed constant concentrations in newly deposited sediment.

e Resuspension of legacy contaminants occurs from approximately 1995 layer sediments,

which can be represented by an average across the length of the Lower Passaic.

e Contributions from tributaries, SWOs, and CSOs are mixed throughout the Lower
Passaic, without localized impact, minimizing their importance.

The TCDD longitudinal profiles show that spatial eradients in surface sediment concentrations are indeed
resent in the Lower Passaic. Furtherfthe implicit assumption that all “1995” sediments are equally
likely to contribute to resuspension is unlikely to be true in practice. §

Comparison of 2,3,7,8-TCDD Forecasts for Mixing Depths of 6” (left) and 1" (right)

One effect of this broad spatial averaging on the analysis is that only broad-scale scenarios can be
evaluated, such as remediating all sediment from RM 0 to RM 8§ or remediating the Primary Erosional
Zone and Primary Inventory Zone, as represented not by a spatially explicit formulation but as a weighted
fraction of the total sediment area. In reality, the resuspension loading is likely associated with a limited
number of specific areas where changes to flow patterns have resulted in the down-cutting of older,
highly contaminated sediments. Further, the impact of such down-cutting is likely more pronounced
locally, although the remobilized contaminants will gradually spread across the length of the Lower
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Passaic. The EMBM approach cannot evaluate such effects because it is not spatially explicit within the
Lower Passaic.

In sum, the EMBM adds to our understanding of pollutant dynamics in the Lower Passaic and reinforces
many of the conclusions from the CSM. The EMBM forecasts provide a useful basis for bounding the
remediation problem. They do not, however, provide sufficient power or precision to serve as the
primary basis for the design and implementation of a costly remediation plan.
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Charge Questions

The investigation into the contaminated sediments of the Lower Passaic River (LPR)
parallels similar studies acrosst he country, forexa mple the Fox River and the
Sheboygan River, Wisconsin (PCBs), and the Black (PAHs) and Ashtabula River (PCBs
and PAHs), Ohio. | these cases it is desired to assess the status of pollution and design
and implement remedial action plans to the extent warranted by the severity of pollution.

For the LPR, previous studies include a EPA Superfund program for a 6-mile
stretch of the river around the Diamond Alkali land site in Newark, New Jersey and a
following project on the 17-mile LPR restoration project. The purpose of the present
focused feasibility study (FFS) is to use the previous data supplemented with sampling
and analysis efforts between December 2007 and March 2008 to look at the possibility
of remediating the lower eight miles of the LPR.

The external review, of which this document constitutes one contr ibution, is
designed to evaluate t he completeness of data, the comprehensive conceptu al site
model (CSM), and an empirical mass balance (EMB) model to design an appropriate site

remediation plan.

Accuracy and Use of Data

1. Are the data used in the CSM adequate to support its conclusions?



The data b ase collected is quite impressive. Of course, we havet o assume t hat

sufficient QA/QC procedures have been follow ed and that the analytical methodologies

are well documented or standardized.l | didn’t f ind suspended solids concentration for

the water column which can be an alternate way of estimating resuspension.f It is stated

that the biologically active (mixing) layer is 0- 6 in. How accurate is that number?IThere

is clearly a great deal of heterogeneity with respect to ero sion and deposition, see Figs

[0

11-7 — 11-9. In addition to sediment cores from depositional areas there should be

some measurements of pollutant concentrations of eroded, upstream sediment.

In addition to a general assessment, please comment on the following specific issues
with regard to adequacy of the current data set:

o Are the sediment sample results collected in the lower eight miles used

appropriately in characterizing the contaminant inventory and gradients

in three dimensions for the purposes of the CSM and EMB?

Yes, in most cases. Note that for the version of EMB considered here where the
sum of the solids fractions f;equals one, the assumption is that the particle size —

distribution is similar at different sample sites. This is not necessarily the case,

however.

o Are the results of the high resolution cores collected above Dundee

Dam sufficient to represent background loading levels for the system?

For the most part, yes. One has to make sure that upstream eroded s ediment carried

downstream has similar concentrations, but | believe that was checked.




o Are there sufficiently robust data of appropriate kinds to characterize
the contaminant loads that enter the lower eight miles of the river from
external sources, i.e., from tributaries, from combined sewer outfalls
(CSOs) and stormwater outfalls (SWOSs), from in-stream sediments

above RM8 and from Newark Bay?

One wonders about the variability of the contaminant concentrations of suspended solids
from these sources. The higher the variability, the more data are required for a reliable
analysis. High SWO 2008 concentr ations around RM 10 of BaP (Fig. 14-13a), mercury
(Fig. 14-101), cadmium (Fig. 14-10c), and lead (Fig. 10j) point to the possibility of havin g
best management practices (BMPs) in place in  order to reduce the co ncentrations of

these pollutants before they reach the estuary.

o Are the available data adequate to verify that there are no on-going,

unquantified sources?

With the regard to the pollutants investigated, the answer is yes, for the most part.
However, as far as other pollutants are concerned, we don’t know. For example,
brominated flame retardants such as polybrominated diphenyl ethers (PBDEs) are
not considered here, probably because they are not known to be a environmental
threat in this area. However, the question of other pollutants, including those that are

not especially particle reactive such as atrazine merits some consideration.

2. Is the use of the contaminant data associated with recently deposited, beryllium-7
(Be-7) bearing surface sediment in the CSM-EMB sufficiently explained? For

example, most reviewers of CSM documents readily understand that contaminant



data from the upper 6-inches of sediment are used to evaluate exposure to biota and
therefore to assess ecological risk. Is our description of the utility of data from Be-7
bearing sediments, intended to characterize material that was just recently
transported through the water column and deposited on the sediment surface,

similarly clear in its implications for assessing fate and transport?

Be-7 is cosmogenic with a half-life of 53 days. One should realize that what is recent is
really a matter of definition. Sediment that has been added 6 months ago may be recent
in a sense, yet it may have lost most of its Be- 7 radioactivity. However, Be-7 is easy to

measure by gamma counting and quite useful for sediment characterization.

Explanation of Assumptions and Uncertainties

3. Is sufficient attention given to quantifying and evaluating the impacts of uncertainties
in developing the CSM-EMB, particularly with respect to the ability to use these tools
in evaluating potentially large and very costly remedial alternatives? Are the
magnitudes of the uncertainties associated with the data supporting the EMB
predictions sufficiently bounded? Are the uncertainties associated with predicted
post-remedial surface sediment concentrations and estimates of contaminated
sediment transport into the lower eight miles from above RM 8 and from external

sources adequately described?

One has to realize, of course, thatt he EMB model is another version of the chemical
mass balance (CMB) used by Friedlander ( 1973), Henry etal (1 984) in the air
environment and Singh et al (1993) and Christensen et al (1997) for contaminated

sediments the aquatic environment. Note also that although some source information



must be available, more advanced receptor modeling can determine not just source
contributions but also source profiles as in singular value decomposition (SVD) modeling
for PCB congener patterns of sediments of the Milwaukee Harbor Estuary (Rachda wong
and Christensen 1997) and PAHs  in Lake Calumet, lllin ois (Bzdusek etal 200 4).
Another related technique is polytopic vector analysis used for PCB congener patterns of
suspended sediment of the San Francisco Bay area (Johnson et al 2000).
Two source apportionment methodologies that are now supported by the U.S.

EPA on the internet are the SVD method named Unmix developed by Henry (2003) and
positive matrix factoriza tion (PMF) developed by Paatero (19973, b). Bzdusek et al
(2006a, b) have demonstrated how PMF can be used e ffectively to characterize PCB
congener patterns and anaerobic dechlorination of PCBs for the Sheboygan River Inner

Harbor, Wisconsin, and Lake Hartwell, South Carolina.

In the presentcase, f or the EMB appliedt o the Lower Passaic River, the
expression for the tracer concentration Y;, eq. 18-2 should contain an error term e; as

shown in eq. 1 below:

Y, =3 1X, +e (L<i<m) (1)

j=1

Note that the number of degrees of freedom is df = m-p th at is the diff erence between
the number of chemicals and the number of sources. Also, the weighted variance
expression, eq. 18-3 must reflect the errors of the source profiles X; where i and j

represent the ith chemical and the jth source:

p
(Yi _Z fjxij)2
j=1

; (2)
= (re)2Y? + _ (re)i(f;X;)?

N =




In order to have a statistically valid solution on e must require that th e value of ;(2 is
comparable to the degrees of freedom df. The relative errors of measurements and
source profiles are here (r.e.) and (r.e.), respectively. Note that in minimizing y*, one
must have atleast p reliminary information aboutthe source contribution factor fj

meaning that ;{2 will be minimized by iteration.

4. Since the use of deterministic model (a model where outputs are described using
mechanistic descriptions of the processes occurring in the system of interest) may
be more common in a physically complex surface water body such as this partially
stratified estuary, has the use of a receptor model, such as the EMB (where
concentrations measured at sources and receptors are used to identify the presence
of and to quantify source contributions to receptor concentrations) been adequately

justified?

The use of a receptor model in this system such as the EMB with modifications is fine as
long as there are some alternate evaluations of contributions of contaminants from these
sources. These alternate estimates can be simple products of flow and concentrations
of contaminants and suspended solids. | looked for suspended solids concentrations in

the water column but couldn’t find any.

5. Is the premise credible that the loads from atmospheric deposition and groundwater

are considered negligible in the formulation of the EMB?



| believe the atmospheric input is negligible. During combined sewer o verflows in

Milwaukee, we found that up to 8 % of the flow came from groundwater.

6. Does the CSM adequately justify the premise that the various external contaminant

source profiles utilized in the EMB (tributaries, CSOs, etc.) are

independent?

That's a good point but a bit difficult to judge based on Tables 18-6 —18-8. F or
example, PCB concentrations do seem higher in Saddle River than in Third and Se cond
Rivers. A s ensitivity analysis using Monte Carlo variations of each profile would help
answer this question. If | were to do this kind o f modeling | would compare the so urce l\_
profiles in linear or log plots. One good thing is that error analysis as shown for example

in Dominic DiToro’s error plots are mostly satisfactory, that is most errors are less than

about 25%.

7. Please comment on the appropriateness of the constructs and assumptions used in

the mathematical formulation of the EMB.

The requirement that th e sum of source contrib ution factors f; should equal one is not
necessary in general; only if the pa rticle size distribution is the same for all sources and
the receptor. If large particles, containing only small amount of contaminants, are settled

out before reaching the receptor, this sum is greater than one (Christensen et al 19 97).

Our recent experience using a CMB model for source apportionment of pollutants and
flows of combined sewer wastewater (Soonthornnonda and Christensen 2008), shows

that source profiles can be obtained as arithmetic means of 500 or more measurements.



Using the frequently encountered log-normal distribution of pollutants in the environment
leading to the minimum variance unbiased mean (MVU) as done for the Lower Passaic

River makes sense.

In applying the EMB to the Lower Passaic River, | do que stion the role of th e
suspended sediments (eq. 18-1). While the sources including the Upper Passaic River,
Newark Bay, Saddle River, Third River, Second River and SWOs, and CSOs make
sense, | believe thatth e suspended sediment category should belong to the surface
sediment receptor category. The constraints on the relative proportions of each of the
sources to the Lower Passaic River, eqs. 18-4a — 18-4d, s eem to be reasonable. My
guess is that some of these limits are reached through the optimization procedure. See

other comments above under point 3.

Clarity and Correctness of Data Evaluations

8. Are the available data and the observations made from them sufficient to support the
following findings of the conceptual site model (CSM) regarding sediment fate and
transport?

o Although the Lower Passaic River is a partially-stratified estuary, the recently
deposited sediments between RM2 and RM12 are sufficiently similar (and
likely mixed by tidal action over time) that they can be represented by single
average concentrations of each contaminant in the EMB relative to the

gradients observed for external sources and end members.

As mentioned previously, | believe that surface sediment and suspended sediment

should belong to the same category, that is the receptor. Regarding local variations, one



should look for individual partially protected sites, if any, where pollution may be high

due to former manufactured gas plants, certain industries, etc.IThis was the case for

the Kinnickinnic River and Sheboygan River, Wisconsin.

o Approximately 95% of the dioxin currently accumulating in the recently-
deposited sediments on the river bottom is due to resuspension and
subsequent deposition of the bedded legacy sediments; i.e., an internal

source is driving the dioxin concentration in recently deposited sediments.

| have some reservation, as did Willy Lick, with the idea of o nly remediating fine grained
depositing, but also resuspending, sediment in the RMO- 8 compartment. From Fig. 7-1
it is apparent that there is a significant dioxin source at RM11.5. Before remediating the
RMO-8 stretch one should consider removing high dioxin sediment erosion source areas

such as those around RM11.5.

9. Is the EMBs exclusive focus on conservative, particle-reactive contaminants
appropriatet understanding and predicting future surface sediment concentrations of
interest in the risk assessment, or should alternate consideration be given to dissolved

constitutents, such as lighter molecular weight PCBs?

Yes, one should also lo ok at more soluble low molecular weight compounds including
PCBs and PAHs. Other compounds of interest is atrazine and MTBE, and personal care
products and pharmaceuticals. In the category of particle associated compounds one

could screen for PBDEs.




10. Please comment on the appropriateness of the process and outcome of the
selection of the resuspension source term input for the EMB. Is the justification of the
selection sufficiently robust? Do the lines of evidence derived from sediment stability

evaluations support the source term selection?

As mentioned above | believe th e resuspended sediment should be classified as a

receptor not as a source.

Appropriateness of Conclusions

11. Are the dated sediment cores and analysis of Be-7 bearing surface sediment
samples sufficient as the basis for estimating post-remediation contaminant
concentrations in sediment in the Lower Passaic River? Please comment on
whether the predictions of post-cleanup sediment concentrations are sufficiently
supported and realistic given what is known about the system. Are the appropriate
pre-and post-remediation conditions (including contaminant sources and the

potential for recontamination) adequately represented in the predictions?

In order to properly address this question one should look at the wa y the predictions
were made. It looks like they were made mainly made based on empirical extrapolations
such as the one shown in Fig. 20-15 for 4,4’-DDE. Remediation scenarios are based on

various perturbations of these as shown for example in Fig. 20-25 for the same pollutant.

However, these are only valid if upstream pollut ion is curtailed significantly. Especially

for dioxin, this is something that should be considered around RM11.5.

SR
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Note that one can obtain an estimate of the half-life of clean-up from this mass balance
equation expressing that the amount of contaminant lost from the mixed layer per year is

the amount added to the historical layer per year:

L—=-vc (3)

where cis the concentration of a pollutant in the mixed layer, List he mixed layer
thickness, t is time, and v is the sedimentation rate. This is under the assumption of no

new input of pollutants to the system. The solution is,

c=cCee * (4)

where ¢, is the initial concentration. From this equation we obtain the following half-life,

t%i

_In2L

t% y (5)

With a mixed layer thickness of 6 in and a sedimentation rate in the RMO0-8 stretch of
0.25 in/yr we obtain a half-life for cleanup of 17 years. The contribution of suspended
sediment to this half-life is probably minor. At 20’ water depth, 500 mg/l suspended
solids concentration, and a sediment porosity of 0.6, the equivalent sediment thickness

is only 0. 3 cm compared to the 6 in = 15.2 cm.

]

12. Sediment stability evaluations (presented in the CSM) have led to the development

11



of remedial alternatives that address the entire sediment bed of the lower eight miles
of the river for comparison with No Action. Please comment on the significance of
the uncertainties involved in this evaluation with respect to whether the entire bed of
the lower eight miles of the river needs to be remediated, or whether remedies
addressing only part of those sediments might be effective to reduce the surface
concentrations in the Lower Passaic river to meet cleanup goals. In light of the
uncertainties involved, are sufficient lines of evidence used in comparing the effects
of the different remedial approaches to justify eliminating actions more limited than
the entire lower eight miles? Is there additional evaluation of the available data that
might provide adequate justification to add one or more limited early action
alternatives that address smaller, highly contaminated erosional areas within the

lower eight miles?

| think remediation should proceed in three stages: First remediate upstream hotpoints

such as dioxin around RM11.5. Considering the heterogeneity of the RM0-8 stretch with

respect to contaminant concentrations and sedimentation rates, | think one should next

design a remediation plan for perhaps 20% of the RM0-8 st retch concentrating on sites

with high contaminant concentrations that are likely to undergo resuspension frequently.

The third step, if necessary, would be removal or capping of most of the remainder of the

river stretch.

References

Bzdusek, P.A., Christensen, E.R., Li, A., Zou, Q. Source apportionment of sediment

PAHs in L ake Calumet, Chicago : Application of fa ctor analysis with nonnegative

constraints. Environ. Sci. Technol. 2004, 38, 97-103.

12



Bzdusek, P.A., Christensen, E.R.L ee, C.M., Pakdeesusuk, U., and F reedman, D.L.
PCB congeners and d echlorination in sediments of L ake Harwell, South Carolina,
determined from cores collected in 1987 and 1998. Environ. Sci. Technol. 2006a, 40,

109-119.

Bzdusek, P.A., Lu,J., and Christensen, E.R. PCB congeners and d echlorination in
sediments of Sheboygan River, Wisconsin, determined by matrix factorization Environ.

Sci. Technol. 2006b, 40, 120-129.

Christensen, E.R., Li, A., Ab Razak, Irwan, A., Rachdawong, P., and Karls, J.F. Sour ces
of polycyclic aromatic hydrocarbons in sediments of the Kinnickinnic River, Wisconsin. J.

Great Lakes Res. 1997, 23 (1), 61-73.

Friedlander, S.K. 1973. Chemical element balances and source id entification of air

pollution sources. Environ. Sci. Technol. 1973, 7, 235-240.

Henry, R.C., Lewis, C.W., Hopke, P.K., and Williamson, H.J. Review of receptor model

fundamentals. Atmos Environ. 1984, 18 (8), 1507-1515.

Henry, R.C. Multivariate receptor modeling by N-dimensional edge detection. Chemom.

Intell. Lab. Syst. 2003, 65, 179-189.

Johnson, G.W., Jarman, W.M., Bac on, C.E., Davis, J.A., Ehrlich, R., Risebrough, R.W.
Resolving polychlorinated biphenyl source fingerprints in suspended particulate matter of

San Francisco Bay. Environ. Sci. Technol. 2000, 34, 552-559.

13



Paatero, P. Least squar es formulation of robust nonnegative factor ana lysis. Chemom.

Intell. Lab. Syst. 1997a, 37, 23—35.

Paatero, P. A weighted non-negative least squares algorithm for three-way ‘PARAFAC’

factor analysis. Chemom. Intell. Lab. Syst. 1997h, 38, 223-242.

Rachdawong, P. and Christensen, E.R. Determination of PCB sources by a principa |
component method with nonnegative constraints. Environ Sci. Technol. 1997, 31 (9),

2686-2691.

Singh, A.K., Gin, M.F., Ni, F., an d Christensen, E.R. A source-receptor meth od for

determining non-point sources of P AHs to the Milwaukee Harbor Estuary. Water Sci.

Technol. 1993, 28, 91-102.

Soonthornnonda, P. and Christensen E. R. Source apportionment of pollutants and flows

of combined sewer wastewater. Water Res. 2008, 42, 1989-1998.

14



Peer Review of the Conceptual Site Model Report

Responses to Charge Questions

June 30, 2008

The answers to these questions are based on the analysis presented in the
accompanying document “Evaluating the Modeling Frameworks” and the references to
Page numbers are from the file: Di Toro CSM review Model Evaluation Figs pdf. |

recommend that these documents be read before the answers to the questions.

Adequacy and Use of Data

1. Are the data used in the CSM adequate to support its conclusions? In addition to
a general assessment, please comment on the following specific issues with regard to

the adequacy of the current data set:

The adequacy of the data can only be judged in comparison to the model being
employed. Since the models are completely inadequate — see comments below and the
analysis in “Evaluating the Modeling Frameworks”, the question as it stands cannot be
answered. The data certainly will be useful if a mechanistic model is employed to predict

the consequences of various remedial actions.

2. Are the sediment sample results collected in the lower eight miles used
appropriately in characterizing the contaminant inventory and gradients in three

dimensions for the purposes of the CSM and EMB?

The surface sediment data is used to compute averages and other statistics for the

EMB. For this purpose they are adequate.

3 Are the results of the high resolution cores collected above Dundee Dam
sufficient to represent background loading levels for the system?



It appears that this is the only data available. It would be much better if actual data were
collected from the inflow to the Passaic River to confirm the conclusions from the

analysis of the cores.

4, Are there sufficiently robust data of appropriate kinds to characterize the
contaminant loads that enter the lower eight miles of the river from external sources, i.e.,
from tributaries, from combined sewer outfalls (CSOs) and storm water outfalls (SWOSs),

from in-stream sediments above RM8 and from Newark Bay?

The only really convincing data are actual measurements of the sources. There appears
to be little of this actual data available. In the light of the plateau behavior of the TCDD
(Pages 17-19) , a concerted effort to make real loading estimates would be very useful.
Toward this end, the CARP data should be the starting point.

5. Are the available data adequate to verify that there are no important on-going,

unquantified sources?

The plateau behavior (Pages 17-19) suggests that there may be such a source or

sources. It is imperative that this issue be settled before any remediation is commenced.

6. Is the use of the contaminant data associated with recently deposited, beryllium-
7 (Be-7) bearing, surface sediment in the CSM-EMB sufficiently explained? For
example, most reviewers of CSM documents readily understand that contaminant data
from the upper 6inches of sediment are used to evaluate exposure to biota and therefore
to assess ecological risk. Is our description of the utility of data from Be-7 bearing
sediments, intended to characterize material that was just recently transported through
the water column and deposited on the sediment surface, similarly clear in its

implications for assessing fate and transport?

No, and it should be. | have attempted an analogy using sediment trap data as the
equivalent in Evaluating the Modeling Frameworks. However, there are issues to be

settled. Is Be-7 irreversibly sorbed? | doubt it. Can legacy particles become



contaminated in the sediment without exposure to the water column? Probably not but it
should be addressed. What is the magnitude of the partition coefficient? The modeling
of "*’Cs requires a partition coefficient to account for the dissolved concentrations. Why
not ‘Be? In fact it is not clear to me that the use of Be-7 as an absolute marker of

recently deposited sediments is as fool proof as the analysis in CSM assumes.

I—

What happens if Be-7 tagged sediments are mixed with untagged sediment
particles by sediment mixing? Do the untagged particles become tagged, and are
therefore mistakenly labeled as “recently deposited?” This seems to me to be a serious
problem that needs addressing. The whole rationale in the CSM depends on the
absolute unambiguous tagging via Be-7.

Explanation of Assumptions and Uncertainties

8. Is sufficient attention given to quantifying and evaluating the impacts of
uncertainties in developing the CSM-EMB, particularly with respect to the ability to use
these tools in evaluating potentially large and very costly remedial alternatives? Are the
magnitudes of the uncertainties associated with the data supporting the EMB predictions
sufficiently bounded? Are the uncertainties associated with predicted post-remedial
surface sediment concentrations and estimates of contaminated sediment transport into
the lower eight miles from above RM 8 and from other external sources adequately
described?

The uncertainties are clearly large and not accounted for in the modeling. An incorrect
statistical model is applied to estimating the fractional contributions — see below. Further
it is clear that the computation is very sensitive to small errors in the concentrations
used (e.g. averages or medians). Therefore, where approximately ~50% of the recently
deposited particles are coming from: Upper Passaic River or Newark Bay is unclear
(Page 9).

9. Since the use of a deterministic model (a model where outputs are described
using mechanistic descriptions of the processes occurring in the system of interest) may

be more common in a physically complex surface water body such as this partially



stratified estuary, has the use of a receptor model, such as the EMB (where
concentrations measured at sources and receptors are used to identify the presence of
and to quantify source contributions to receptor concentrations) been sufficiently

justified?

No. And | am mystified by the neglect of the CARP model. At least it is mechanistic and
it is calibrated using long term hind casts (Pages 37-49). The two models used in the
CSM: the one segment steady state EMB and the single exponential are simply too

crude and unconvincing to be of any real use.

10. Is the premise credible that the loads from atmospheric deposition and

groundwater are considered negligible in the formulation of the EMB?

This is the common assumption but | did not see any direct evidence. This is a difficult
issue. The plateau in TCDD concentration is suggestive of something like a diffuse,

continuous source.

11. Does the CSM adequately justify the premise that the various external
contaminant source profiles utilized in the EMB (tributaries, CSOs, etc.) are

independent?

I’'m not sure what “independent” means. The use of sediment cores to infer loadings is
sometimes necessary for historical loadings. However they are no substitute for actual

loading measurements.

12. Please comment on the appropriateness of the constructs and assumptions used

in the mathematical formulation of the EMB.

As discussed in my review, the statistical formulation (Eqg. 3 in Evaluating the Modeling
Frameworks) is not appropriate. The Errors in Variables formulation (Eq. 4) is what is
required. Furthermore, it is assumed that Be-7 containing particles can be treated as

though they are water column particles. This needs to be justified by direct




measurements. Finally the steady state assumption needs testing, as well as the implicit

assumption of irreversible sorption.

Clarity and Correctness of Data Evaluations

13. Are the available data and the observations made from them sufficient to support
the following findings of the conceptual site model (CSM) regarding sediment fate and

transport?

It's not data alone that is used to support predictions. It is models and data together and

the models (EMB and the single exponential extrapolation) are simply not up to the task.

14. Although the Lower Passaic River is a partially-stratified estuary, the recently
deposited sediments between RM2 and RM12 are sufficiently similar (and likely mixed
by tidal action over time) that they can be represented by single average concentrations
of each contaminant in the EMB relative to the gradients observed for external sources

and end members.

The top 6 inch data is highly variable. The Be-7 tagged TCDD concentrations are
reasonably uniform. The model assumes that both are uniform. Is this reasonable? |
think not. But why do it that way? Models that can actually take the spatial
inhomogeneity into account are being developed. The CARP model is available now for

use in at least exploring the consequences of varying concentrations.

15. Approximately 95% of the dioxin currently accumulating in the recently-deposited
sediments on the river bottom is due to resuspension and subsequent deposition of the
bedded legacy sediments; i.e., an internal source is driving the dioxin concentration in

recently deposited sediments.

As | understand the EMB, 50% not 95% is from the lower eight miles. The rest is from
either the Upper Passaic or Newark Bay. | gather that this statement refers to all the

within river sources.




16. Is the EMB'’s exclusive focus on conservative, particle-reactive contaminants
appropriate to understanding and predicting future surface sediment concentrations of
interest in the risk assessment , or should alternate consideration be given to dissolved

constituents, such as lighter molecular weight PCBs?

All modern contaminant transport models consider both dissolved and particulate
fractions. The proper modeling of "*’Cs requires an explicit consideration of the
dissolved component. It would be a simple exercise to run the CARP model with infinite

partitioning and test the assumption.

[5

17. Please comment on the appropriateness of the process and outcome of the
selection of the resuspension source term input for the EMB. Is the justification of the
selection sufficiently robust? Do the lines of evidence derived from sediment stability

evaluations support the source term selection?

There is probably not too much error in the approximately 50% resuspension fraction.
However, this should be backed up with an actual sediment transport model, which is
being constructed. The real question is: what is the source of the other 50% and is there

an ongoing unknown source of TCDD.

Appropriateness of Conclusions

18. Are the dated sediment cores and analyses of Be-7 bearing surface sediment
samples sufficient as the basis for estimating post-remediation contaminant
concentrations in sediment in the Lower Passaic River? Please comment on whether the
predictions of post-cleanup sediment concentrations are sufficiently supported and
realistic given what is known about the system. Are the appropriate pre-and post-
remediation conditions (including contaminant sources and the potential for

recontamination) adequately represented in the predictions?



| worry about the plateau in the time course data for TCDD. | worry about the
discrepancy between the various half life estimates: less than 10 yrs from the CARP
model, 25 yrs from the exponential analysis, and a by-phasic behavior in the data
suggesting a continuing source. Until this is sorted out, there is no strong reason for

believing that we can forecast the outcome of remediation alternatives.

19. Sediment stability evaluations (presented in the CSM) have led to the
development of remedial alternatives that address the entire sediment bed of the lower
eight miles of the river for comparison with No Action. Please comment on the
significance of the uncertainties involved in this evaluation with respect to whether the
entire bed of the lower eight miles of the river needs to be remediated, or whether
remedies addressing only part of those sediments might be effective to reduce the
surface concentrations in the Lower Passaic River to meet cleanup goals. In light of the
uncertainties involved, are sufficient lines of evidence used in comparing the effects of
the different remedial approaches to justify eliminating actions more limited than the
entire lower eight miles? Is there additional evaluation of the available data that might
provide adequate justification to add one or more limited early action alternatives that

address smaller, highly contaminated erosional areas within the lower eight miles?

At this stage of analysis, the models are too crude and too uncertain, see the above
comments and the analysis in Evaluating the Modeling Frameworks, to be able to
discriminate between selective dredging or capping alternatives. Also, a detailed
dredging or capping plan needs to look at the effects of large storms as well as the
gradual effects of dilution by clean sediments. The present uncertainty of the source of
sediments to the 8 mile reach: Newark Bay vs Upper Passaic River, and the uncertainty
of the future concentrations in these sediments makes the projections in the CSM very

uncertain.

I would not endorse any remediation plan based on the present stage of the
development of the models. These are the problems to be addressed: the contradictory
estimates of TCDD half lives from the available models and the possibility of a plateau in

TCDD concentrations suggesting an ongoing source or an unaccounted for mechanism.




Evaluating the Modeling Frameworks

June 30, 2008
I. Analysis of the Steady State Modeling Framework

The Empirical Mass Balance Model (EMB) is a one box steady state model of the
lower eight miles of the Passaic River. It is based on a mass balance equation that
relates the Be-7 bearing sediment concentration ry (ug/g) to the top 6 inch sediment
concentrations ro(i) (ug/g) from the various sources (I = 1,2...7). An example is

presented below

Fraction 2,3,7,8-
ro(i) Contributed Cadmium TCDD Total PCB
1. Resuspension 0.461 2360 0.3740 620
2. Newark Bay 0.271 320 0.0210 150
3. Upper Passaic River 0.220 330 0.0004 100
4. Saddle River 0.024 10 0.0001 10
5. Third River 0.005 10 0.0000 1
6. Second River / SWO 0.013 20 0.0001 5
7.CSO 0.005 9 0.0000 1
rq
Predicted Target Area
Concentration 1.000 3060 0.3956 890
Observed 3642 0.3713 1201

The idea is that the recently deposited sediment (ry) is composed of sources (r,) and the

source fractions f(i) can be deduced from the observed concentrations.

One way to think about the Be-7 bearing particles is that they are what would be collected from
the water column by filtering a sample or what would be retrieved using a sediment trap. The idea
is that any particle that has been in the water column is irreversibly tagged with Be-7 and since it
has a relatively short half life, it must have been in the water column recently; hence the notation
r1 where the subscript 1 refers to the water column. Note that this association with the water
column particles requires that Be-7 binds rapidly and irreversibly with solids, and in the water
column only. The half life of Be-7 roughly corresponds to the average sampling time associated
with the sample.

The mass balance equation for the EMB is

n=>, fi)r0) )



where f (i) is the fraction of the i" source. It must be true that 1> f (i) >0, i.e. the fraction is

less than one, positive and that
> ) =1 2)

i.e. everything has to come from somewhere.

One important point to note: For equation (1) to be a correct explanation of the data, it must be
true that at least one r, (a source) must be larger than r; (the result), since all the fractions must
be less than 1 so that equation (2) is satisfied. The physical explanation is that the water column
particles are comprised of less contaminated particles (from upstream and Newark Bay) and

more contaminated sediment particles with legacy contamination.

The sediment data are presented in Pages 1-5 of the Figures. The blue diamonds are r, the
resuspened sediment and the gold dashes are ry the Be-7 bearing particles. Cd, Cu, Pb, Hg and
TCDD are presented. Both sets of data are quite scattered, especially r,. As a consequence
there is quite a lot of uncertainty in the fractions that are estimated from the model as shown

below.

Estimation of sources

The source fractions f (i) in the EMB are estimated from a linear regression

7 . .
n(k)=> frdk) +ek) 3)
where k = 1,2...N are the different substances (Cd, Cu, etc) that are used in the analysis and

£(K) is the random error associated with ry. The standard assumptions for applying linear

regression is that the ry’s are known exactlydSince this is clearly not he case (Pages 1-5) the

proper random model for this situation is

nk) =Y, ) 3.K) +7(.k) + (k) )

where 7)(i,K) are the random errors associated with the rz’s.IThis is @ much more difficult model

to analyze properly and it is well known that linear regression does a poor job of it in this situation.

Uncertainly of the Estimates

One way of estimating the uncertainty is to perform various analyses with slightly different
r's and see the results. This still does not answer the question of what the result of a proper

analysis of eq (4) would produce but at least it gives an indication of what to expect. A sample of



the results are shown in Pages 6 (base case from the report using only the average metal

concentrations) 7 (using averages of all variables) 8 (using medians of all the variables). The
variations in f (i) are shown in Page 9. The resuspension fraction is approximately 0.4 to 0.5.

However, depending on whether metals only or all the variables are used, the fraction of r,
coming from Newark Bay is 0.1 or 0.4 with the remainder coming from the Upper Passaic.
Clearly the model is not capable of deciding where the non-resuspension contamination is
coming from. The sensitivity of the calculations to small variations can be seen by comparing the
all variable computations using average (purple) and medians (teal). The variation in f's are

approximately 50% whereas the variations in averages relative to medians (Page 10) is 10-15%.

II. Analysis of the Time Variable Model

The response to be expected from either natural attenuation or the dredging alternative is
estimated in the CSM using the assumption that natural attenuation produces exponentially
decreasing concentrations. The high resolution dated cores are the raw data. The data being
analyzed is the “excess concentration” see page 20-8 of the report. Although it is not clear just
what the correction being applied is attempting to do, for the case of TCDD the excess

concentration is essentially the same as the raw data.

The semi-log plot of the TCDD data from the CSM report is shown on Page 11. Note the

significant scatter. | have repeated the analysis using the same model (Eq. 20-1) as in the CSM

report and obtain a half life of approx 25 yrs (Page 12)§ The individual data from each core are

plotted together with the exponential fit on Pages 13-15. Note the lack of fit. Specifically there

appears to be a flattening out of the concentrations, whereas the forced exponential continues to

decline.

Suppose, however, that the decline is bi-phasic. For example, suppose the response is

composed of the sum of two exponentials: a more rapidly and less rapidly declining components

with half lives 7, and 7, respectively:
¢ (t)=c,,(0)exp(-t/7)+c,,(0)exp(-t/7,) (5)

where k indexes the cores and t = 0 corresponds to 1977, the beginning of the record. Page 16
lists the results of fitting eq (5) to the TCDD data. A rapid half life of approximately 6 years is

predicted for the rapidly decreasingﬁomponent, and then an essentially constant concentration

for the restl Pages 17-19 show the comparison.

The same analysis is presented for total PCB. Page 20 shows the CSM analysis with a

20 yr half life. Page 21 is my repeat of the analysis which gives a smaller half life (15 yr). The



plateaus are less dramatic but still suggestive especially Page 24. The bi-phasic analysis (Page

25) results in a fast (5 yr) and slow (35 yr) half life with a much better fit of the data.

Commentary

This bi-phasic analysis is not meant to be a definitive resolution of the problem but rather
a cautionary tale. It is clear that something is going on in addition to simple first order decay. The
matter is serious enough to warrant a careful investigation. The implications for TCDD are
significant. The slow decline may suggest a source that is not accounted for, or a mechanism
that is not yet understood. Clearly the model — a first order decay — is not appropriate and should

be abandoned.

lll. Analysis of the CARP Model

The Contamination Assessment & Reduction Project (CARP) produced a model of the
New York Harbor complex that includes the Passaic River and Newark Bay as well as the rest of
the harbor. This section compares the CSM and CARP model predictions of the effects of
various remediation options. The CSM predictions are shown in Pages 29 (TCDD) and 30 (PCB).
The predictions reflect the 20-25 yr half lives for PCB and TCDD.

The CARP model grid (Pages 31) and expanded views of the Inner Harbor (Page 32) and
the Newark Bay (Page 33) regions illustrate level of detail of the model segmentation. In
particular the Passaic River (Page 33) is rather crudely segmented with only one segment across
the river. Itis for this reason, apparently, that the results from this model were not considered in
the CSM. Nevertheless, it is certainly a better model than the steady state one segment EMB or

the single exponential time variable model.

The result of a TCDD No Action scenario are shown for the water column and sediments
for lower Passaic (Page 34). The response is considerably faster than the CSM estimates with a
half life of approximately 10 yrs in the sediment. The CARP model is consistent with the CSM in
having no other significant source other than legacy sediments. Page 35 presents the results for
other regions in the harbor. The rather rapid decline, if this is indeed a reliable prediction,

suggests that natural recovery will happen much more quickly than the CSM predicts.iThe effects

of the two dredging alternatives — the lower and entire river - are shown on Page 36. A more

detailed presentation is available in the CARP report.

Hind casts and the Validation of the Model



There is little reason to trust the long term predictions — tens of years — of any model

without a calibration/validation that spans a comparable time.I The CARP model has been used

to make Cs'’

hind cast. Cesium is an ideal tracer for this exercise since the loading to the harbor
is well known. Pages 37-41 present the results. The model predicts a relatively rapid response
that is reflected in the Cs data. Unfortunately there are no data compared to the computations in
the Passaic River. It would be a very interesting exercise to do the comparison using the high

resolution cores.

A TCDD hind cast has also been conducted. A rapid response is predicted. This hind
cast is somewhat of a circular exercise since the loading is deduced from the core records which
in turn supply the data for comparison. However, that the overall picture is in reasonable
agreement with the computations suggests that the CARP model’s prediction of a short half life (~
10 yr) is reasonable. However, the plateau deduced from the core data, presented above (Pages
17-19) suggests that the CARP model needs to be reconciled with those data as well. In any

case, a more detailed segmentation is clearly warranted for more detailed analysis.
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June 26, 2008
COMMENTS ON

LOWER PASSAIC RIVER RESTORATION PROJECT

Introduction

The description in the MP report of the horizontal mixing of sediments and contaminants
in the Lower Passaic River (LPR) is somewhat misleading; for this reason, a few
paragraphs describing this process are given first below. There are many serious errors in
the EMBM. Some of these are described below. However, all of them are not given
here. The reason is that there are fundamental questions of whether the accuracy of the
EMBM predictions is sufficient for practical purposes; and whether the most significant
predictions can be obtained without the use of the EMBM, i.e., is the EMBM necessary?
The basic premise of the MP report is based on the remediation of the RMO to RM8 area
alone without any action, present or future, for the area of the LPR above RM8. This is
incorrect as discussed below.

Attached are comments and an article on the well-mixed layer due to bioturbation which
may be interesting and/or helpful.

Conceptual Site Model

Hydrodynamics and Sediment Transport

It can be shown that the sediment erosion due to tidal action alone is on the order of a few
millimeters. As the tide comes in, the flow and shear stress increase, and a few
millimeters of surficial sediments erode and are swept upstream. As the tide slows, these
sediments more-or-less deposit. As the tide goes out, these same sediments are then
resuspended and are swept downstream. As the tide subsequently slows, these same
sediments more-or-less deposit. This cycle repeats. The net effect is that only a few
millimeters of surficial sediments are disturbed by tidal action.

Superimposed on this motion is a gradual transport of a fraction of the suspended
sediments into and from Newark Bay and a gradual transport of (cleaner) sediments from
upstream (from above Dundee Dam) into the LPR.

If this were all, concentrations of hydrophobic chemicals in surficial sediments would
decline rapidly due to burial of these sediments by deposition of cleaner sediments from
upstream. But this doesn’t happen. The reason is resuspension of sediments (and
contaminants) in certain areas of the LPR due to highly-variable-in-time-and-space floods
and wind-driven waves and currents. The areas of resuspension are probably mostly near




shore in RMO to RM8 and are more widely distributed in RM8 to RM12.6 and possibly
above RM12.6.

Critique of the Empirical Mass Balance Model.

There are many serious errors in the EMBM. The most fundamental and significant
errors are described below.

Multiple solutions

An implicit assumption in one solution for the EMBM is that the 6-inch surficial
sediments from the 1995 core are mixed with the 2005 Be-7 layer (say a thickness of 4
inches for convenience) along with sediments from above Dundee Dam (3 inches) and
Newark Bay (3 inches). This implies that 16 inches or more of the surficial sediments in
the LPR are now well-mixed. This occurs over some indeterminate time, but it must
occur according to this solution for the EMBM.

Once this happens, additional sediments and contaminants are transported to and from the
LPR. An additional layer similar to the surficial layer of the 1995 core must now be
mixed into the 16-inch LPR layer in order to obtain the correct chemical concentrations
in the surface LPR layer. When does this occur? And to whart depth can this mixing
penetrate?

This surface concentration in the LPR (the Be-7 layer) could also occur due to
resuspension of some of the sediments in the LPR to deeper depths (smaller amounts but
higher concentrations of dioxin) while other sediments were undisturbed or in
depositional areas. This latter hypothesis is more probable since erosion/deposition are
highly variable in space and time. In fact, MP illustrated this in their previous report
where they produced multiple solutions (corresponding to erosion at and to different
sediment depths) all of which satisfied the criteria for concentrations in the Be-7 layer.
The original MP modeling suggestions can be expanded into an almost infinite number of
non-unique, but mathematically possible solutions, some of which are obviously incorrect
physically.

In Fig. 19-3, the solids concentrations for the length-weighted-average scenario are
presented. This is described in more detail in the earlier MP report but presumably is a
legitimate solution to the EMBM. But it is hard to believe that all the sediments
corresponding to this length-weighted-average (on the order of meters) are going to be
resuspended and mixed with the surficial layer.

To be more succinct, the EMBM allows multiple solutions for the thicknesses and depths
of resuspended sediments. Another way of saying this is that there is a large variability
in the predictions of the depth of erodibility. From another point of view, DiToro also
demonstrated the large variability in the solutions to the EMBM. These arguments are
complementary and do not give confidence in the solution indicated in the report.




Assumption of uniformity

In the EMBM, it is assumed that resuspension occurs uniformly over the entire RMO to
RMS8 region. This is incorrect. Much of this area is depositional. Resuspension occurs
non-uniformly over the area with some areas experiencing deep erosion while other areas
have little or no erosion or even deposition. Areas where significant erosion occurs will
erode sediments with higher chemical concentrations (since chemical concentrations
increase with depth). A uniform erosion of a sediment layer of constant concentration is
not reasonable.

Because of this assumption of uniformity, MP predicts that remediation will be
proportional to the amount of surficial sediment dredged and capped. This is incorrect.
For example, dredging and capping sediments in a depositional area will do little to
reduce contamination in the LPR.

Remediation area

MP proposes to remediate (dredge and cap) RMO to RM8 only. If this is done,
contaminated sediments from above RM8 will be resuspended during storms and floods
and expose further contaminants above RM8; but more importantly the resuspended
contaminated sediments will deposit in the RMO to RM8 area, an area which is mostly
depositional. The result will be that the surface layers in the LPR will be essentially
contaminated the same as before.

Contamination in surface waters is essentially a problem of the chemical concentrations
in surficial sediments. Buried contaminants are irrelevant unless they are resuspended.
Contaminated sediments in depositional areas are only a short-term problem if they will
be covered by clean sediments and not exposed.

Chemical desorption

MP ignores the desorption of hydrophobic chemicals. As a first approximation for highly
hydrophobic chemicals (e.g., dioxin and high K, PCBSs), this is probably a good
approximation. However, for low K, PCBs, PAHSs, and other chemicals, this may cause
serious errors. The statistical analyses are therefore in question. Actually, if desorption
rates which depend on K, are considered, this will help explain the fact that the ratio of
high K, to low K, PCBs changes from above Dundee Dam to the LPR.

Upstream source

The sources of chemicals above Dundee Dam are assumed to be characterized by core(s)
from a depositional zone. By definition, these sediments are non-erosional and therefore
are not characteristic of sediments which have eroded from above Dundee Dam. The
eroded sediments probably have higher chemical concentrations indicative of past
contamination as compared with sediments that have been recently deposited.




Proposed Remediation and Required Analyses

Dioxin is the main toxin. The emphasis of remediation and modeling should be on this
chemical.

1.

4.

Use hydrodynamic (ECOM) and sediment transport (SEDZLJ) models to
calculate potentially erodible areas in the entire LPR for a wide range of
hydrodynamic conditions, e.g., high flows, high tides, especially conditions after
low flow periods during which sediments can deposit and accumulate. Finer grid
S|zes than now used across the river are probably necessary to dellneate

Dredge and cap all potentlally erodlble areas throughout the LPR Thls is the best
that can be done unless upstream areas are also remediated. (Potentially erodible
areas means all areas that can be significantly eroded in storms/floods/tides up to
and including a 100 year event.) Do not dredge and cap depositional areas. This
would be an enormous waste of time and money.
No other modeling is necessary. As far as chemical concentrations in organisms
are concerned, these concentrations will decrease proportional to the decrease in
chemical concentrations in surface sediments. For example, if chemical
concentrations in surface sediments are reduced by 50%, chemical concentrations
in organisms will also reduce by 50%. There will be a time lag in this decrease,
but this time lag is less than the time for dredging and capping, approximately 10
rs. and can therefor ignor
A reasonably early action should, and can, be based on hydrodynamics and
sediment and contaminant transport alone.

Concluding Remarks

1.

The MP report recommends remediation of RMO to RM8 alone without any
action, present or future, for the area in the LPR above RM8. If this is done,
contaminated sediments from erodible areas from above RM8 will be eroded
during storms and floods; this erosion will expose deeper contaminants in this
area, and most importantly the eroded sediments will deposit in the RMO0 to RM8
area, an area which has already been remediated but much of which is
depositional. The result will be that the surface layers in the LPR will be
essentially contaminated as before. Details of remediation should be investigated
as described above.

Because of the inherent variability in the solutions to the EMBM and basic errors
in the formulation of the EMBM, there is little of use in the predictions by the
EMBM.

a. fDioxin Is the most S|gn|ﬂcant toxin and Is the only chemical which can be
significantly remediated by action in the LPR. This conclusion does not
depend on the EMBM.

b. |Dioxin has no significant sources above Dundee Dam, from Newark Bay,

or from any tributaries. The presence of dioxin in surface layers is almost




entirely due to resuspension of older, contaminated sediments. This
conclusion also does not depend on the EMBM.
Ithough all other chemicals need not be considered, the quantitative |_

rediction of their sources by EMBM is too variable and unreliable for
ractical pur .

If all potentially erodible areas in the LPR are dredged and capped, the
remediation time will be primarily that due to the time required for
dredging and capping, on the order of 10 years. The time lag for the
decrease of chemical concentrations in organisms is less than this and is

probably almost negligible by comparison.




The Elusive Well-Mixed Layer

During the conference call on June 18, there was discussion and several questions about
the thickness of the well-mixed layer layer due to bioturbation on the Passaic. The
existence and especially the thickness of this layer are important in many water quality
models since the thickness determines the remediation time (or chemical concentration
half-lives or decay times).

Because of its importance, | carefully examined the high resolution cores from the
Passaic (Chapter 13). | saw no evidence for a well-mixed layer due to bioturbation and, —170]
of course, | could not determine any thickness for this layer except that, if it did exist, it
was less than 2 cm.

I have previously examined cores from the Housatonic River. | saw no evidence for a
well-mixed layer due to bioturbation in that river.

Over the last 10 years in our work with Sedflume on field cores (on the order of 200
cores), we have measured sediment properties as a function of depth; we have especially
measured density profiles using the attenuation of electromagnetic radiation (accuracy of
0.01 g/cm? and resolution of 0.1 to 1.0 cm). These cores were from the Great Lakes and
rivers in the Great Lakes area. We have never observed a well-mixed layer due to
bioturbation in these cores.

However, we have observed very distinct sedimentary layers of constant density and
constant sediment and chemical composition. These layers were almost certainly due to
large erosion/deposition events caused by storms and/or floods. Additional evidence for
this is from Kersten et al. 2005. These layers are sometimes mistaken for bioturbated
layers, but they are distinctly different.

The sediment-water flux of HCB due to bioturbation by three different organisms has
been studied in detail in the laboratory and by theoretical modeling (Luo et al. 2006).
Experiments lasted up to 96 days. Vertical profiles of HCB at different intervals of time
were measured. By 96 days, no significant evidence for a well-mixed layer had
developed. The theoretical model, which was based on the experiments, predicted that a
well-mixed layer would develop for Lumbriculus, but only after several years.

In the field, densities and types of organisms are not constant over periods of years, but
fluctuate locally in space and time depending on the season, big events such as floods and
storms, and ecological secession after big events. Because of this, the formation and
maintenance of extensive and distinct well-mixed layers due to organisms probably does
not occur very often.

A more detailed discussion of the evidence (or non-evidence) for a well-mixed layer due
to bioturbation is given in the attached paper (Lick 2006). Conclusion: There is no direct



evidence for a well-mixed layer due to bioturbation. | know this concept is dear to the
hearts of many people, but please read the paper before responding.

In the Passaic, remediation after dredging and capping all erosional areas will be
primarily due to deposition of clean sediments from upstream. This deposition is on the
order of 2 inches/year and is much greater than the potential effects of organisms and
molecular diffusion. This indicates remediation after dredging and capping will be on the
order of a year or a few years at most. But since dredging and capping will take on the
order of 10 years, this remediation time is almost negligible by comparison.
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Comment Charge Comment Summary Substance of Response
No. Charge Category | Question
Adequacy and
60 Use of Data 1 The general conclusions of the CSM are adequately supported by the data.
Adequacy and The CSM does provide a reasonably conclusive argument that the major contaminant sources are known
63 Use of Data 1 and correctly identified. No response required.
In general, the reviewer agrees that there are sufficiently robust data of appropriate kinds to characterize
the contaminant loads that enter the lower eight miles. Certainly for in stream sediments above RM8 and
current inputs from tributaries (the suspended matter samples). While a more comprehensive sampling of
CSOs and SWOs would have been nice, the available data are “sufficiently robust” in light of their small
relative contributions to contaminant loadings. | do have reservations about the Newark Bay sampling,
especially as the overall project proceeds to a consideration of that waterway and contiguous systems. A
Adequacy and focus on dated sediment cores (see Bopp et al., ES&T, 1991) and greater attention to and consistency in
9 Use of Data 1 collecting Be-7 bearing surface sediments should be part of any future sampling. This recommendation will be forwarded to the Newark Bay study team.
This was the opinion of a single peer reviewer. We respectfully disagree with it. It
ignores numerous analyses and findings presented in the CSM which were developed
separate from the models, and in many cases, were more detailed than any mechanistic
model (e.g. the bathymetric analyses or the dioxin ratio fingerprinting). Regardless of
this difference in opinion, we are implementing one major recommendation of the peer
reviewers, which is to use a mechanistic model developed for the NY/NJ Harbor (CARP)
The adequacy of the data can only be judged in comparison to the model being employed. Since the to confirm the future trajectories calculated by the single-layer box model associated
Adequacy and models are completely inadequate ..., the question as it stands cannot be answered. The data certainly will|with the EMB. The CARP model will be updated with recent data, including the high
141 Use of Data 1 be useful if a mechanistic model is employed to predict the consequences of various remedial actions. resolution cores.
Adequacy and
61 Use of Data 1 Sediment sample results are used appropriately.
Adequacy and The surface sediment data is used to compute averages and other statistics for the EMB. For this purpose
142 Use of Data 1 they are adequate. No response required.
There is clearly a great deal of heterogeneity with respect to erosion and deposition, see Figs 11-7 — 11-9.
Adequacy and In addition to sediment cores from depositional areas there should be some measurements of pollutant A set of low resolution cores was collected above RM8 as part of the 2008 sampling
120 Use of Data 1 concentrations of eroded, upstream sediment. event to address this data gap (see Chapters 14 and 16 in the CSM).
There are enough high TCDD surface sediment concentrations reported for the document to provide more
about these potential source areas and geological settings where these hotspots occur, as related to Because of the high degree of spatial and temporal variability of erosion and deposition,
where the most important contaminant erosion occurs/will occur. There is not enough insight or analysis |We do not believe that a closely detailed examination of potential resuspension sources
of the nature of the resuspension sources or their controls. Ex: RM8.5-10.4 have lower long-term will identify uniquely important areas. Furthermore, even if hotspots could be identified,
Adequacy and deposition rates, so, on average, TCDD maximas are nearer the surface and less erosion can expose hot |other areas with surface sediment contamination at levels that cause 10 human health
44 Use of Data 1 spots. cancer risk would still need to be remediated.
The reviewer has correctly noted that the depth of contamination is not very well known
The depth of contamination in the LPR sediments is not addressed, as related to whether a 100-year in many areas. This has been discussed in Chapter 16. Note that all alternatives being
Adequacy and storm could resuspend highly contaminated sediments and whether changes in bathymetry due to evaluated in the Focused Feasibility Study include capping or backfill, so that
43 Use of Data 1 dredging would change hydrology and sediment transport. contamination at depth would not be left exposed.
Adequacy and Creation and interpretation of maps depicting the best estimates of 3-D distributions of COPCs should be
46 Use of Data 1 extremely valuable. There is a 3D map (Figure 5-9) in the Geochemical Step 2 report (2006), but it is not
especially useful because many of the cores do not go deep enough to capture all of the
Adequacy and Consider relationships between surface concentrations, sediment profile distributions, penetration of contamination. Also, the heterogeneity and constant changing of erosional and
45 Use of Data 1 COPC, measured sediment properties (texture), estimates of deposition and sediment type. depositional areas make traditional interpolation techniques less useful.
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No.

Charge Category

Charge
Question

Comment Summary

Substance of Response

Adequacy and
Use of Data

Based on decades of work in the Hudson, and depositional zones in rivers - Dundee "Lake" is as much a
river (i.e. a relatively narrow and continuously flowing water body that happens to be located behind a
dam) as a lake - remove and store a sample of the suspended matter as the vast majority moves by and
is transported downstream, in this case to the Lower Passaic. Some of the best recent description of such
behavior can be found in Chilrud et al. (Chemical Geology 199, 53-70, 2003 and Water, Air and Soil
Pollution: Focus 4, 469-482, 2004) where historical levels of several contaminants in a series of dated
cores from depositional areas along the Hudson are explained in terms of levels at the farthest upstream
site "diluted" by relatively clean inputs of particles from intervening tributaries.

The cores from above Dundee Dam are the two "best dated" cores in the CSM and additional work
involving Damon Chaky and Steve Chilrud is currently underway to further interpret the dating information,
relate historical contaminant levels to those observed in the lower Passaic, and certify that the analyses of
dried samples from these cores can be

compared directly to the "wet" analyses carried out on all the samples collected in the

lower Passaic River and Dundee Lake by Malcolm Pirnie.

This additional work will also investigate another factor related to the "appropriateness™ of
these cores as indicators of "background loading levels" which | interpret as loadings from
the Upper Passaic basin. That factor is grain size. Our field and lab notebooks related to
the collection and processing of these cores noted that the upper few sections, while
dominantly fine-grained, were relatively sandy. This could be a reflection of the influence
of ongoing construction/development observed along the shore near the sampling site.
The surface section of these cores did contain detectable levels of Be-7 and there are
several other Be-7 bearing surface grabs from Dundee Lake collected by Malcolm Pirnie
that will be compared with Be-7 bearing samples from the lower Passaic in our evaluation.

We have acknowledged the value of the cores above Dundee Dam by making extensive
use of them in delineating the Upper Passaic source term (Chapter 5). This information
forms a major component of the interpretation of the cores in the Lower Passaic River.

Adequacy and
Use of Data

In general, the sediment sample results collected in the lower eight miles are used appropriately except for
DDT-related compounds and the limited suite of PAHSs.

Refer to responses to Comments 3 and 4.

Adequacy and
Use of Data

While DDT-related compounds would not be at the top of the list of COCs, a large amount of DDT was
manufactured at the 80 Lister Avenue Site and with a most unusual history. Consequently, the levels and
geographic distribution of DDT-related compounds have significant potential as a lower Passaic River
source tracer (see Bopp et al., ES&T, 1991). | have brought up this point previously and the “problems”
experienced with the DDT analyses of these samples have been discussed directly with Ed Garvey and
other Malcolm Pirnie personnel.

We recognize the value of applying DDT as an additional tracer and have been able to
confirm two separate sources of 2,3,7,8-TCDD as a result of its application.

Adequacy and
Use of Data

With respect to PAHSs, the attempts at “source characterization” employing normalization to dieldrin (or is it
benzo [a] anthracene??, Figure 6-8) could certainly have been improved with more extensive (and
expensive) analyses of PAH and related compounds.

In response to previous input by Dr. Bopp, the recent sampling events (2007-2008)
included some of the more detailed chemical analyses of PAHs as represented in Yan's
thesis (2004). However, resource allocation did not allow for the analysis of the entire
suite of PAHs as developed by Yan.
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Comment Charge Comment Summary Substance of Response
No. Charge Category [ Question
We understand the reviewer's concern with the lower 12 miles; however, the CSM
shows that fine-grained sediments below RM8 are the single-most important source of
contaminants to the Lower Passaic River. The area of fine grained sediments above
RM8 is substantially smaller that than below RM 8 expressed on an absolute basis and
on a percentage of the river bottom. About 86% of the fine-grained sediment surface
area is located below RM8 and only 6% of the fine grained area is located between RM8
and RM12. Even if the contaminant concentrations in surficial sediments between RM8
and RM12 were twice as high as those in the lower 8 miles, the flux from the sediments
below RM8 would still be seven times greater than the flux originating in RM8-12,
assuming that the rate of fine-grained sediment resuspension is proportional to the fine-
Adequacy and The reviewer has addressed the adequacy and use of data with respect to sediment sample results grained sediment surface area. In addition, EPA will be using the sediment transport
2 Use of Data 1 collected in the lower twelve miles, instead of the lower eight miles specified in the charge question. model SEDZLJ to evaluate whether a remediation should start in RM0-8 or RM8-12.
The reviewer's disagreement with Comment 180 is supported by the results of field work
performed by Malcolm Pirnie in 2007-08: contaminant concentrations in the sediment
The reviewer stated that the results of the high resolution cores collected above Dundee Dam are traps immediately below Dundee Dam and in the core tops above the Dam were similar
Adequacy and sufficient to represent background loading levels for the system. He disagreed strongly with comment and contaminant concentrations in sediment traps and in core tops in the Saddle and
7 Use of Data 1 180. Third Rivers were similar as well.
The sources of chemicals above Dundee Dam are assumed to be characterized by core(s) from a
depositional zone. By definition, these sediments are non-erosional and therefore are not characteristic of
sediments which have eroded from above Dundee Dam. The eroded sediments probably have higher
Adequacy and chemical concentrations indicative of past contamination as compared with sediments that have been
180 Use of Data 2 recently deposited.
Although one could wish for more data, these samples (dated cores and fine-grained surface sediment)
are sufficient to represent the pollutant concentrations in depositing sediments above the dam. Whether
they are adequate to represent upstream loads is less certain. Solids that move across the dam during
major flow events could well differ from those solids retained in consistently depositional areas above the
Adequacy and dam. Unfortunately, no direct evidence on this point seems to be available and | believe the use of the
62 Use of Data 1 available depositional sediment data is adequate for the purposes of the CSM.
Adequacy and For Dundee Dam, are the upstream eroded sediment carried downstream similar to the concentrations
122 Use of Data 1 observed above the Dam? See response to Comment 7.
We respectfully disagree. These volumes are based on 40 years of USGS suspended
Adequacy and Estimates of resuspended sediment volume could have larger error than suggested, because they are solids monitoring at the Little Falls Station, which is upriver of Dundee Dam and
49 Use of Data 1 based on the Dundee Dam flux measurements, which are tough to obtain for high flow events. represents 85-90% of the flow at Dundee Dam.
The CSM does not make this assumption. Our basic conceptual idea of sediment
movement in the system is that sediment from the Upper Passaic River flows over
Dundee Dam and mixes with Lower Passaic River sediments. At the same time, these
sediments are being mixed with Newark Bay sediments brought upriver on incoming
tides. The sediment is sufficiently mixed that most contaminants exhibit little gradient
Estimates of resuspended sediment volume seem to assume that little of the sediment from the Upper between RM2 and RM12. The outgoing flows move this mixed sediment out into
Adequacy and Passaic River escape the Lower Passaic River and that the sediment which does escape to Newark Bay, [Newark Bay. On average, the LPR is a sink for sediment, gaining approximately 0.25
50 Use of Data 1 comes back. Is this reasonable? inch of sediment each year. The text will be revisited to assure clarity.
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Charge
Question

Comment Summary

Substance of Response

The Upper Passaic (above Dundee Dam) is described as an important source of total PCBs to the Lower
Passaic, but the fraction of highly chlorinated PCBs above Dundee Dam is much greater than seen in the

Our analysis to date indicates that the PCB congener shift is not due to dechlorination.
This is based on the absence of congeners indicative of the dechlorination process as
well as the presence throughout much of the estuary of salt water, which tends to curtail

Adequacy and Lower Passaic. This suggests a situation in which PCBs in the Dundee pool are being dechlorinated, with [PCB dechlorination. We believe that eliminating PCBs lighter than BZ52 from the EMB
98 Use of Data 1 preferential transport (perhaps in DOC-sorbed form) of the lighter congeners into the Lower Passaic. calculations has eliminated the concern about dissolved-phase PCB transport.
Section 14.5 describes the analyses used to prove that suspended sediments are
similar to recently deposited sediments. Therefore, we can infer that the high resolution
cores in Dundee Lake are a historical record of the suspended sediment passing over
Dundee Dam.
Because the data from Little Falls shows little or no correlation between flow and
suspended sediment (see Section 18.2.2 of the CSM), the program being suggested in
this comment would require many years to collect a reliable data set. We have used an
It appears that the high resolution cores from Dundee Lake represent the only data available. It would be |integrated sampling program (including high resolution cores, core tops, sediment
Adequacy and much better if actual data were collected from the inflow to the Passaic River to confirm the conclusions |[surface samples and sediment traps) to make the same estimate in a shorter period of
143 Use of Data 1 made from the analysis of the cores. time.
The low variability of these data results from filtering of the samples. We have collected
two additional rounds of data not included in the draft CSM submitted for peer review
Adequacy and If | thought these sources (CSOs & SWOs) could be at all important in the system, | would be more and they corroborate the results of the first round. Those data will be incorporated into
57 Use of Data 1 concerned about the incredibly low CVs associated with measurements used for these inputs. the final CSM.
Most of the stormwater drainage is captured by the monitored tributaries. While the
The delivered loading rates for Saddle River do appear reasonable, but are clearly less than near-source |comment may be correct that SWOs yield a greater percentage of solids per unit area,
literature values for solids loading from urban sources. Because individual storm water drainage basins  [the low level of contamination observed on these solids indicates that, even if the loads
Adequacy and generally have higher sediment delivery ratios, resultant load rates can be significantly higher than those |were greater, they would not represent a significant contribution for most contaminants,
69 Use of Data 1 derived from near-source literature. dioxin in particular.
The method used to estimate loads from CSO/SWO sources is documented in the
CSM, Sections 18.2.2 and 20.1. In general, the chemical signatures of sources and a
watershed area approach were used to infer solids loads.
Adequacy and The reviewer agrees that CSO/SWO input is likely a minor fraction of the total pollutant mass balance; but
71 Use of Data 1 states insufficient data exists to characterize CSO/SWO inputs to the lower river. Both the sediment loads and the contaminant ratios indicate the insignificance of the
contributions of the SWOs and tributaries. In particular, the Second River and Third
River are situated entirely in urban settings and therefore, are little more than glorified
SWOs. There is very little overland runoff reaching these tributaries; their flow is almost
entirely due to capture of stormwater runoff from impervious surfaces through catch
Long-term solids loads from CSO/SWO sources are basically unknown, and the method of estimating basins. For the main contaminants of concern, even if these tributaries and SWOs
Adequacy and same is undocumented. This may introduce bias into the sediment load calculations due to the strong contributed an order of magnitude greater solids load than estimated, their contribution
72 Use of Data 1 correlation between flow and load. to the contaminant load would still be minor compared to other sources.
We believe that the probability for this scenario is extremely low. In order for NAPL to
enter the river unassociated with solids loads, it would have to enter above the
It is possible that SWO/CSO sources could include non-aqueous phase loads of hydrophobic monitoring locations, not contaminate any solids in the CSO/SWOs, circumvent the
contaminants from industrial sources not associated with sediment loads. As such, it is possible that that [sediment traps, and then immediately sorb to solids in the river. Although hypothetically
Adequacy and CSO/SWO solids load may be significantly underestimated, and storm water contributions from individual (this might happen, it cannot be a significant source of contaminant to the Lower Passaic
65 Use of Data 1 source areas could be significant to the lower river mass balance. River.
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No. Charge Category | Question
The dataset presented is robust (see response to Comment 10). The sample set
includes core tops, sediment traps, water column samples from each of the sources and
high resolution cores. Other than the instantaneous water column samples, the other
methods represent larger periods of time and can be used to estimate time-integrated
The only really convincing data are actual measurements of the sources. There appears to be little of this |loads. (As an example, core tops represent 6 months, sediment traps represent 2
actual data available. In the light of the plateau behavior of the TCDD (Pages 17-19), a concerted effort to |weeks, while water column samples represent 2 hours.) For this reason, these time-
Adequacy and make real loading estimates would be very useful. Toward this end, the CARP data should be the starting [integrated samples are much more powerful than low-frequency instantaneous
144 Use of Data 1 point. sampling.
Adequacy and The reviewer is convinced that the available data are adequate to verify that there are no important
10 Use of Data 1 ongoing, unquantified sources.
Locally important, ongoing sources may be present. The concentration gradient observed in longitudinal
Adequacy and TCDD profiles downstream of RM12 suggests that a possible ongoing load source may exist from a
64 Use of Data 1 former facility identified in that area.
Adequacy and The plateau behavior (Pages 17-19) suggests that there may be such a source or sources. It is imperative
145 Use of Data 1 that this issue be settled before any remediation is commenced. Other than a single short-term dioxin release near RM11 (discussed in Section 15.7) the
Adequacy and ongoing source of TCDD is likely resuspension of old sediments in the upper reaches of
166 Use of Data 1 The lingering TCDD concentrations suggest a continuing source. the Lower Passaic River.
With regard to the pollutants investigated, the available data shows that there are likely no on-going,
unquantified sources. However, as far as other pollutants are concerned, we don’t know. For example,
brominated flame retardants such as polybrominated diphenyl ethers (PBDEs) are not considered here,
probably because they are not known to be a environmental threat in this area. However, the question of [Concentrations of PDBE and atrazine have not been measured in the historical and
Adequacy and other pollutants, including those that are not especially particle reactive such as atrazine merits some recent sampling events associated with the Passaic River or in the Newark Bay
124 Use of Data 1 consideration. samples. Thus, there is no basis for an evaluation of the risk they might pose.
| was amazed at the lack of description of “point” sources. s this “typical’ of a CSM? | prepared a
Adequacy and summary of the 80 Lister Avenue Site (2,3,7,8-TCDD and DDT) and its fairly well-known history of
5 Use of Data 1 operations in the late 1980s (see file 80 Lister Ave RFB.pdf).
The CSM contains the briefest mention of a second source of 2,3,7,8-TCDD in the vicinity of RM 11 (p. 13-
6). The importance of such information to an informed peer-review was demonstrated by the fact that one
of the other reviewers specifically brought up the question of other 2,3,7,8-TCDD sources in the midpoint
conference call. A scan of the classic dioxin reference (Hay, The Chemical Scythe, 1982) and information
available on the web indicates that manufacture of hexachlorophene at a Givaudan plant near the
confluence of the Third and Passaic Rivers is the likely source. A NIOSH/CDC report (Piacetelli et al.,
1990) available on the web provides the following details related to 2,3,7,8-TCDD -
i. Givaudan manufactured 2,4,5-trichlorophenol (2,4,5-TCP) (the source of 2,3,7,8-TCDD) as a starting
material for synthesis of hexachlorophene (HCP) from 1945 through 1949.
ii. Between 1949 and 1984, they purchased “purified” 2,4,5-TCP from several suppliers, mainly Hooker
and Dow Chemical.
iii. Between 1947 and 1984, HCP production at the plant ranged from 17,000 to 3.5 million
'pounds per year.
iv. From 1970-1972 HCP production was increased by “adding a building,” but in 1972, the The focus of the CSM was to identify the relative impacts of all of the external and
building was devoted to “non-HCP” processes. internal sources to the sediments of the river, in order to help EPA decide on which
remedial actions, if any, to take on the sediments of the river. It was less important to
Some very approximate calculations | have done suggest that discharges from the plant identify historical point sources than to describe current sources that could be
Adequacy and could account for on the order of a kilogram of 2,3,7,8-TCDD — highly uncertain, potentially remediated. In a separate enforcement process, EPA will further investigate the
6 Use of Data 1 significant. presence of the historical sources to the river to identify potentially responsible parties.
Adequacy and The document does not interpret the high variability in small fish and crab TCDD. This is probably the
56 Use of Data 1 result of exposure to varying and patchy sediment concentrations. We agree with this comment and will alter the text to reflect this suggestion.
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Interpretation of 7-Be distributions do a great job of explaining transport of resuspended sediments and
Adequacy and contaminants. With respect to bioaccumulation, careful analysis would show that the available data are
55 Use of Data 1 insufficient to test this question (use of upper 6 inches for biota exposure) with sufficient accuracy.
The comments are correct in noting that the depth of bioturbation is not well known. The
Adequacy and 6-inch mixed layer is based on SPI camera results, which identify a zone of
119|  Use of Data 1 It is stated that the biologically active (mixing) layer is 0- 6 in. How accurate is that number? approximately 6 inches of sediment which appear well-mixed. The SPI results also
Adequacy and The reviewer finds no direct evidence for a bioturbation layer under freshwater/estuarine settings, which is 3“99€?t that bioturbation is slow pompared o hydrodynamlc mixing. The bgthymetrlc
170 Use of Data 1 a point of basis for the model forecasts. gnalyas shows thaf[ more than 6 inches of _sedlme_nt rr)ovem_ent occurs routinely due to
tidal effects. Knowing the exact depth of bioturbation is not important if the upper layers
Adequacy and The reviewer indicates that any homogeneous surficial thickness is due to the impacts of storms, floods |of sediment are well-mixed and the bioturbation depth is less than 6 inches. The text in
171 Use of Data 1 and other events where large volumes of sediment are transported about. Chapter 11, which presents these analyses will be clarified.
This comment is correct in noting that there is not a lot of suspended solids data for the
Passaic River. The lack of data reflects the knowledge that this system is extremely
dynamic and thus, establishing typical suspended solids data would require many
months or years of data collection. Instead, our approach uses time-integrated samples
(e.g. Be-7 bearing sediment samples) to approximate the suspended sediment
Adequacy and The reviewer did not find suspended solids concentration for the water column which can be an alternate |concentrations in the river. Some suspended solids data do exist, but they are not
118 Use of Data 1 way of estimating resuspension. sufficient to do a mass balance on the suspended sediment.
One wonders about the variability of the contaminant concentrations of suspended solids from external
sources, in stream sediments above RM8 and from Newark Bay. The higher the variability, the more data |Additional work on the EMB (Monte Carlo analysis) is planned which will help determine
are required for a reliable analysis. High SWO 2008 concentrations around RM 10 of BaP (Fig. 14-13a), [the effect of data variability on the conclusions. Note that most of the SWO samples
mercury (Fig. 14-101), cadmium (Fig. 14-10c), and lead (Fig. 10j) point to the possibility of having best from the 2007-08 sampling event were collected too close to the river and were
Adequacy and management practices (BMPs) in place in order to reduce the concentrations of these pollutants before therefore affected by the tidal exchange, which transported river sediments into the
123 Use of Data 1 they reach the estuary. SWP sampling locations at high tide, when SWO discharges were occurring.
Adequacy and The reviewer calls attention to the constant, precise trans chlordane levels in slices dated between 1982
30 Use of Data 2 and 1988. Comment noted.
The reviewer is most familiar with the use and interpretation of Be-7 data in sediments. Based on
comment at the midpoint conference call and the central role of Be-7 bearing samples in data
Adequacy and interpretation, | would suggest further explanation focusing on the role of sediment mixing and a
11 Use of Data 2 discussion of absolute activities of this nuclide.
Adequacy and The description of the utility of data from Be-7 bearing sediments is sufficiently explained in its implications
73 Use of Data 2 for assessing fate and transport.
Be-7 is cosmogenic with a half-life of 53 days. One should realize that what is recent is really a matter of
Adequacy and definition. Sediment that has been added 6 months ago may be recent in a sense, yet it may have lost
125 Use of Data 2 most of its Be-7 radioactivity.
Explanation is not sufficient, and it should be. | have attempted an analogy using sediment trap data as
the equivalent in Evaluating the Modeling Frameworks. However, there are issues to be settled. Is Be-7
irreversibly sorbed? | doubt it. Can legacy particles become contaminated in the sediment without
exposure to the water column? Probably not but it should be addressed. What is the magnitude of the
partition coefficient? The modeling of 137Cs requires a partition coefficient to account for the dissolved
Adequacy and concentrations. Why not 7Be? In fact it is not clear to me that the use of Be-7 as an absolute marker of
146 Use of Data 2 recently deposited sediments is as fool proof as the analysis in the CSM assumes.
What happens if Be-7 tagged sediments are mixed with untagged sediment particles by sediment mixing?
Do the untagged particles become tagged, and are therefore mistakenly labeled as “recently deposited?”
Adequacy and This seems to me to be a serious problem that needs addressing. The whole rationale in the CSM
147 Use of Data 2 depends on the absolute unambiguous tagging via Be-7. Additional discussion will be added to the CSM to clarify these concerns and questions.
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As recommended by the peer reviewers, the CARP model is being updated with Passaic{
River-specific data and parameterization, so that it can be run to confirm the future
Adequacy and The CARP model was used to hindcast Ce-137 in the estuary. There were no data for the Passaic River. |projections calculated by the EMB. CARP model results will be compared to the high-
168 Use of Data 2 Comparison to high resolution cores would be interesting. resolution core results.
Explanation of The analysis in the CSM already indicates that no significant differences exist between
Assumptions and Statistically significant differences between 2007-08 CSO/SWO samples and the CARP CSO/SWO data [the data sets at the 95 percent confidence level. The high level of variability in these
67| Uncertainties 3 are not adequately explained. data is consistent with the highly variable flow regimes associated with such systems.
We agree with the reviewer that the EMB is one component of our understanding of the
Lower Passaic River and that it is not highly quantitative in all aspects. We plan to
further refine its quantitative results through the use of a Monte Carlo analysis. In
Explanation of The EMBM adds lines of evidence to support the geochemical interpretation of the CSM, but given the addition, as recommended by the peer reviewers, the CARP mechanistic model will be
Assumptions and levels of uncertainty, the EMBM should be regarded as more qualitative than quantitative. The qualitative [run to confirm the future projections calculated by the EMB. The CARP model will be
76| Uncertainties 3 confirmation of the CSM is a useful result of the EMBM. updated with recent data, including the high resolution cores.
Although the EMB may have more than one mathematically-possible solution, the CSM
uses other lines of evidence, such as the magnitude of solids resuspension as
Explanation of calculated from bathymetric changes, to constrain the EMB to a physically-correct
Assumptions and The EMBM can be expanded into an almost infinite number of non-unique, but mathematically possible solution. We are planning to improve our understanding of the uncertainty in the EMB
174| Uncertainties 3 solutions, some of which are obviously incorrect physically. solution through a Monte Carlo analysis.
Explanation of
Assumptions and The spatial variation problem is acute with the key internal resuspension source; with coefficients of
90| Uncertainties 3 variation in excess of 200% for 2,3,7,8-TCDD and total TCDDs. See response to Comment 154.
We agree that this "implicit assumption" is unlikely to be true; however, we believe that
the average concentration from the 1995 dataset is close to the average concentration
on resuspending sediments. Based on the results of the bathymetric analysis (Chapter
11), we believe that nearly all areas of the river have a reasonable probability of
contributing to resuspension as part of the annual reworking of the sediment bed.
Based on the geochemical balance and the bathymetric evidence, the process of
resuspension combines a volume of resuspended sediments (whose average
concentrations are similar to the 1995 0-6 inch layer) with an approximately equal
volume of sediments generated by the Upper Passaic River and Newark Bay. In
addition, based on the recommendation of the peer reviewers, the CARP model, with a
Explanation of The TCDD longitudinal profiles show that spatial gradients in surface sediment concentrations are indeed |more finely segmented Lower Passaic River, is being run to confirm the future
Assumptions and pressent in the Lower Passaic. The implicit assumption that all "1995" sediments are equally likely to projections calculated by the EMB. The CARP model will be updated with recent data,
91 Uncertainties 3 contribute to resuspension is unlikely to be true in practice. including the high resolution cores.
Explanation of We agree that the EMB alone permits multiple solutions. However, the bathymetric
Assumptions and The EMBM allows multiple solutions for the thicknesses and depths of resuspended sediments. Another |analyses in the CSM constrain the EMB to a physically-realistic solution. See responses
175 Uncertainties 3 way of saying this is that there is a large variability in the predictions of the depth of erodibility. to Comments 91 and 174.
Explanation of
Assumptions and The constraint that the source fractions sum to 1 is not necessarily appropriate, given uncertainty in the
92| Uncertainties 3 regressors, and some variability about a sum of 1 should be allowed.
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Explanation of In the version of EMB considered here where the sum of the solids fractions fj equals one, the assumption
Assumptions and is that the particle size distribution is similar at different sample sites. This is not necessarily the case,
121 Uncertainties 3 however. Many of the EMB runs were set up using iron-normalized concentrations in an effort to
The requirement that the sum of source contribution factors fj should equal one is not necessary in account for particle size differences among the sources. The sensitivity analysis
Explanation of general; only if the particle size distribution is the same for all sources and the receptor. If large particles, [showed little effect of iron-normalization vs. non-normalization, indicating that particle
Assumptions and containing only small amount of contaminants, are settled out before reaching the receptor, this sum is size differences are not important to the final result and fj can be set to one. The
132] Uncertainties 7 greater than one (Christensen et al 1997). planned Monte Carlo analysis will address some of the uncertainty issues raised here.
We agree with the reviewer that the uncertainty in the EMB has not been sufficiently
Explanation of The variability in the source terms, specifically 1995 surface sediment data, used in the EMB necessitate |characterized. As recommended by Ogura (2005) we plan to address this uncertainty by
Assumptions and an additional term in the EMB equation to account for this uncertainty. This makes the calculation much [running a Monte Carlo analysis, instead of adding the uncertainty term suggested by this
161 Uncertainties 3 more difficult. reviewer.
Explanation of The constraints on relative proportions of solids appear reasonable, except that the range may be too
Assumptions and small for the CSO and SWO sources; and some such constraints are likely required to obtain a physically
70| Uncertainties 3 meaningful fit in the face of multicollinearity.
Explanation of Of possible greater concern than solids contribution is the unknown nature of pollutant concentrations in  |We plan to address these constraints as part of the Monte Carlo analysis. However,
Assumptions and CSOs/SWOs. ltis possible that watershed area constraints on CSO/SWO loads employed in the EMBM |given the small drainage area, we don't expect this to change our understanding of the
68 Uncertainties 3 are too restrictive. importance of the CSO/SWOs to the Lower Passaic River contaminant loads.
Explanation of
Assumptions and The calculations to support the argument that SWO loads are a small percentage of the lower river mass
66 Uncertainties 3 balance are not documented in the report. The discussion of these calculations in the CSM will be clarified.
The EMBM assumes that resuspension occurs unitormly over the entire RMO to RM8 region. This is
incorrect. Much of this area is depositional. Resuspension occurs non-uniformly over the area with some
areas experiencing deep erosion while other areas have little or no erosion or even deposition. Areas The EMB does not assume uniform resuspension. It assumes a high degree of mixing
Explanation of where significant erosion occurs will erode sediments with higher chemical concentrations (since chemical |of resuspended sediment (wherever it may originate) with the sediment originating at
Assumptions and concentrations increase with depth). A uniform erosion of a sediment layer of constant concentration is  |other source locations (tributaries, CSO/SWOs, Upper Passaic River, Newark Bay)
176] Uncertainties 3 not reasonable. before deposition. See response to Comment 91.
Explanation of
Assumptions and
74| Uncertainties 3 Uncertainties are adequately described throughout the CSM chapters. No response required
Explanation of
Assumptions and The impacts of the uncertainties outlined in the CSM on EMBM conclusions are not sufficiently
75| Uncertainties 3 acknowledged.
The EMBM adds to our understanding of pollutant dynamics in the Lower Passaic and reinforces many of
Explanation of the conclusions from the CSM. The EMBM forecasts provide a useful basis for bounding the remediation
Assumptions and problem. They do not, however, provide sufficient power or precision to serve as the primary basis for the
78| Uncertainties 3 design and implementation of a costly remediation plan.
The uncertainties associated with the forecast evaluations of remedial alternatives are not adequately
Explanation of described. This is especially true for all statements that depend on predicted time to reach a target or
Assumptions and asymptote , which in many cases provide a single quantitative statement of number of years despite the
83| Uncertainties 3 fact that these calculations depend on estimated half lives that are highly uncertain. The uncertainties inherent in the EMB and the forecast trajectories will be addressed
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through a Monte Carlo analysis. The final CSM text will more fully describe the
Explanation of uncertainties. In addition, as recommended by the peer reviewers, the CARP model will
Assumptions and Chapter 20 and the summary in the report should both provide additional discussion of the uncertainties  |be run to confirm the future projections calculated by the EMB. The CARP model will be
84 Uncertainties 3 associated with the forecasts and the potential impacts of such uncertainties on remedial decision making. |updated with recent data, including the high resolution cores.
The uncertainties are clearly large and not accounted for in the modeling. An incorrect statistical model is
applied to estimating the fractional contributions. Further it is clear that the computation is very sensitive to
Explanation of small errors in the concentrations used (e.g. averages or medians). Therefore, where approximately ~50%
Assumptions and of the recently deposited particles are coming from, Upper Passaic River or Newark Bay, is unclear (Page [A Monte Carlo analysis of the EMB and trajectory forecasts is planned to quantify
148| Uncertainties 3 9). uncertainty and revisit the statistical model
Additional work is planned for the EMB (a Monte Carlo analysis), which will help quantify
the uncertainty in the results. Specifically, a Monte Carlo analysis will be conducted
Explanation of using the estimated variability of the input terms and, subsequently, the results of the
Assumptions and Although all other chemicals need not be considered, the quantitative prediction of their sources by EMBM |EMB will be validated by examining mass balances for constituents not included in the
187 Uncertainties 3 is too variable and unreliable for practical purposes. EMB using the solids balance from the EMB.
We respectfully disagree for the major solids sources. The profiles for the Upper
Explanation of Passaic River and Newark Bay are very well defined. The resuspension volume is
Assumptions and The EMBM assumes that the source profiles are known. The profiles are highly uncertain and based on the results of the bathymetric analysis (Chapter 11). Other source profiles are
89 Uncertainties 3 considerable lumping was done to identify the number of sources. less well-known, but constitute a small part of the entire contaminant load.
One way of estimating the uncertainty is to perform various analyses with slightly different inputs. To
Explanation of illustrate the uncertainty in the analysis and the model's sensitivity to changes in source term variables,
Assumptions and example calculations indicate that 15% changes in variables (mean vs. median) results in about 50%
162 Uncertainties 3 change in model result. This issue will be addressed as part of the planned Monte Carlo analysis.
Future predictions depend on the dating assignments of the five high resolution cores. As a group, the Cs-
137 profiles on which the dating is based (Figures 13-2 and 13-3) are by no means “ideal”. The activities
Explanation of do not in general define a single peak (1963 horizon) and little consideration is given to absolute activities
Assumptions and (the activity in the section assigned to the 1963 time horizon in the RM 11 core is approximately double
12  Uncertainties 3 that in the RM 12.6 core (?)).
To be fair, these are perhaps the best profiles that could be expected in such a dynamic sedimentary
environment as documented by the historic bottom profiling analysis (Chapter 11).
The dating assignments do, however lead to significant inconsistencies in the contaminant chronologies
Explanation of (for example, factor of 2 to 5 differences in 2,3,7,8-TCDD concentrations at the same assigned time
Assumptions and horizons between the cores at RM 1.4 and 2.2 (Figure 13-4)) which necessarily lead to uncertainties
13| Uncertainties 3 (largely unexplored) in the Natural Recovery (No Action) projections of the EMB.
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Of considerable concern is the lack of any significant discussion/consideration of the 1984 high flow event
in the Passaic River. The Figure 4-4 from a draft of the EMB apparently failed to make the final cut for
inclusion in the CSM. The event of April 1984 was the most intense high flow event recorded by the
USGS at Little Falls since 1936. The only recent event that approaches its magnitude occurred from April
17-19, 2007 which is more recent than the relevant sediment core collections.
Deposition associated with the 1984 event has been noted in Dundee Lake, Lower Passaic River and
Newark Bay cores (Bopp et al., ES&T, 1991) and as | recall, there are accounts of flooding at the 80 Lister
Avenue site in April of 1984. Given the evidence of complex, relatively unpredictable patterns of
deposition and erosion presented in Chapter 11, it is difficult for me to imagine that such an event had little |While the core dating is not ideal, the dating represents the best profiles to be expected
Explanation of effect on the profiles observed in the high resolution cores (as is assumed by the dating assignments) and [in this type of dynamic environment. Despite the possible limitations, the cores are
Assumptions and that the possibility that some of the sites may have experienced significant erosion during that event was |dated well enough to give a good history of the last 20 years. In response to these
15| Uncertainties 3 not considered/discussed. comments, we will perform an extensive Monte Carlo analysis of uncertainties.
The reviewer would not endorse any remediation plan based on the present stage of the development of
Explanation of the models. These are the problems to be addressed: the contradictory estimates of TCDD half lives from
Assumptions and the available models and the possibility of a plateau in TCDD concentrations suggesting an ongoing
160| Uncertainties 3 source or an unaccounted for mechanism. See responses to Comments 163 through 165 and 167/169.
Explanation of
Assumptions and There is a lack of fit between the projections used to calculate half lives and the data. The data suggest a
163| Uncertainties 3 flattening not accounted for in the projection.
The flattening or biphasic behavior of the high resolution core data was noted. However,
Explanation of the use of a simpler exponential curve fit was deemed more conservative since it
Assumptions and A bi-phasic projection fits the data better, so that TCDD has an early 6-year half life and a later flat period, [causes the natural reduction in concentration to be greater, reducing the effect of
164| Uncertainties 3 and total PCB has a fast (5yr) and slow (35 yr) half life. remediation on the sediment concentrations. By using the exponential equation, we
avoid over-selling the remediation strategies. That the forecasts show such significant
Explanation of improvements in many contaminants (even with the more conservative trend line)
Assumptions and The fit of the bi-phasic curves suggest that there is a more complex system than can be accommodated |highlights the advantages of remediation (which must be greater than that seen in the
165| Uncertainties 3 with the first-order exponential, so it should be abandoned as insufficient. plots).
Explanation of
Assumptions and The CARP model predicts that sediments should recover much more quickly than predicted by the CSM.
167| Uncertainties 3 The Half life of TCDD predicted by CARP is 10 years.
In response to this comment, we plan to refine the EMB and its uncertainty using a
Monte Carlo analysis. Also, in response to the recommendation from the peer
Explanation of reviewers, we are updating the CARP model with Passaic-River-specific data and
Assumptions and CARRP predicted a 10-year half life for TCDD. This needs to be reconciled with the plateauing observed in |parameterization, and running it to confirm the future projections calculated by the EMB.
169| Uncertainties 3 the high resolution core data. The CARP model will be updated with recent data, including the high resolution cores.
Explanation of The reviewer indicates that an "evolution of exponentials" has taken place in the analysis of persistent
Assumptions and contaminants and radionuclide tracers. The half-lives have been increasing. The reviewer provides data
29 Uncertainties 3 from the Hudson River basin to support this statement.
Explanation of
Assumptions and The reviewer indicates that the section of the time trend referred to by Dominic DiToro as an "early, more
31 Uncertainties 3 rapidly declining" section, includes the high flow event of 1984 that was not mentioned in the CSM.
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The reviewer calls attention to conflicts in comments made by Dominic DiToro's discussion of the half-
lives presented in the CSM for dioxin (2,3,7,8-TCDD). At some points he suggests a larger half-life for We concur with these observations. In accordance with the recommendation of the
Explanation of dioxin to account for an unknown source, but at other points, he suggests a 10-year half-life which will peer reviewers, we are updating the CARP model with Passaic-River-specific data and
Assumptions and cause a faster decline. Reviewer asks how CARP results can be reconciled with high resolution core parameterization, and running it to confirm the future projections calculated by the EMB.
32| Uncertainties 3 data/observations. CARP results will be reconciled with the data provided by the high resolution cores.
The reviewer questions the existence of a well-mixed layer due to inferred absence of
efficiently robust biological processes. In contrast, in this analysis, a mixed layer
construct was used to represent the hydrodynamically-driven movement of the active
inventory of sediments in the river (i.e., due to physical not biological processes). It is the
movement of this active inventory (depicted by the dynamics seen in bathymetric
There is no direct evidence for a well-mixed layer due to bioturbation. In the Passaic, remediation after change analysis) that determines the rate of the recovery from legacy contamination.
dredging and capping all erosional areas will be primarily due to deposition of clean sediments from Because erosional areas based on bathymetric change analysis were randomly
upstream. This deposition is on the order of 2 inches/year and is much greater than the potential effects |distributed and occurred at various locations over time, representing this active inventory
Explanation of of organisms and molecular diffusion. This indicates remediation after dredging and capping will be on the|as a mixed layer was the only way to perform the analysis within this modeling
Assumptions and order of a year or a few years at most. But since dredging and capping will take on the order of 10 years, [framework. Note also that the reviewer's description of deposition on the order of 2
172| Uncertainties 3 this remediation time is almost negligible by comparison. inches/year only applies to RM0-2, as shown in the CSM.
Uncertainty in the EMBM propagates into the forecast concentration through estimation of the mixing
depth. Bioturbation alone cannot provide a mixing mechanism to a depth of 6 inches. Hydrodynamic
scour and redeposition are likely experienced to a greater depth in most areas. Even so, a smaller mixed [In reality, reducing the thickness of the bioturbation/hydrodynamically mixed layer serves
Explanation of depth (not to be called bioturbation depth) should be used for the forecasts. The effect of reducing the to recreate a contaminated surface layer in much less time. This is because the upper
Assumptions and mixed depth is to make both remediated and unremediated areas asymptote more quickly to the current [layer of the cap serves as a diluent for recently deposited material that still bears some
80 Uncertainties 3 year estimate of total loads. dioxin contamination from above RM8.
Because multiple bathymetric studies show that depositional and erosional areas are
neither stable nor static from year to year, it would be impossible to find a discrete
Explanation of Model forecasts predict that remediation will be proportional to the amount of surficial sediment dredged |depositional (or erosional) area to remediate. Therefore, all alternatives evaluated in the
Assumptions and and capped. This is incorrect. For example, dredging and capping sediments in a depositional area will [Focused Feasibility Study are based on remediation of the sediments of the entire lower
177] Uncertainties 3 do little to reduce contamination in the LPR. eight miles of the river.
2,3,7,8 TCDD is arguably the contaminant of greatest concern. The “exponential trend line” from 1980 to
2006 shows a best fit half life of 25 years. To my eye, the data could be reasonably “fit” with half lives
between 10 and about 40 years (!?). Where is the uncertainty estimation?
Furthermore, it seems clear from that figure that the RM 11 and 7.8 points tend to fall above the plotted
Explanation of “exponential trend line” while the RM 1.4 and 12.6 points tend to fall below. This pattern is not particularly
Assumptions and consistent among contaminants (although the RM 12.6 points are generally relatively low), but it does
14 Uncertainties 3 seem to warrant further consideration/explanation as a source of uncertainty.
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Uncertainty in the EMBM propagates into the forecast concentration through estimation of half lives. The
comparison between remedial options depends critically on the estimated half life. It is therefore
somewhat disturbing to see the high levels of uncertainty present in the half-life estimates. In particular,
for 2,3,7,8-TCDD, which is the major contributor to risk, the R2 value cited for the half-life regression is
only 0.19, and values for several other compounds are not much better. The relatively poor fit appears to
be a direct result of the simplifying assumption that concentrations are longitudinally mixed throughout the
Lower Passaic below RM 12. But the cores do not represent longitudinally constant conditions, and Using the uncertainty output from the statistical analysis which resulted in the half-life,
Explanation of lumping the different cores together obscures the underlying trend in individual cores. An analysis of core |we plan to apply a distribution to the half-life in a Monte Carlo analysis of the forecasts.
Assumptions and trajectories suggests that the assumption of a single half-life across the entire Lower Passaic may not be [This will compensate for some of the scatter in the data and will quantify the uncertainty
82| Uncertainties 3 reasonable. in the half-life calculations and show their effect on the results.
The half-lives are based on logarithmic regression through dated core segments (after 1980 only) in the
Lower Passaic, after correction for the estimated portion of the load due to external sources. Source
concentrations in Northern Newark Bay (which lacks recent high resolution cores) are assumed to decline
at the same rate as the resuspension source in the Lower Passaic River — an assumption that is cited as
“rational, and perhaps conservative.” | am not sure the selection is rational, as the Northern Newark Bay
Explanation of source is conceived of as active surface sediments, while the Lower Passaic River resuspension source is
Assumptions and supposed to represent buried legacy contaminant mass in place since ca. 1995, but there do not seem to [We agree with the point made by the reviewer. The assumption made is the best option
81| Uncertainties 3 be data to support an alternative. given the available information; no alternative constructs are reasonably arrived at.
Explanation of
Assumptions and The forecast trajectory assumption that "the impact of any remedy on resuspension is proportional to the
38| Uncertainties 3 fraction of fine-grained area impacted by the remediation scenario" is not clear to the reviewer. Additional discussion to the CSM will be added to clarify the forecast assumptions
We agree with the reviewer. In all likelihood, any active remediation scenario will include
deepening of the river to allow for sufficient flood-carrying capacity or for reasonably-
anticipated future navigational use. This would increase sedimentation rates and
specifically increase the amount of solids captured from external loads. Thus, the future
trajectories forecast by the EMB likely underestimate the rate of recovery due to active
remediation for contaminants dominated by resuspension of legacy sediments (e.g.,
2,3,7,8-TCDD and total PCBs). A detailed sediment transport model has been
developed and calibrated for the Lower Passaic River and Newark Bay. It is being
Explanation of incorporated in the CARP model that is being run to confirm the future projections of the
Assumptions and It is unreasonable to assume no future changes to sedimentation rates (forecast trajectory assumption). A|[EMB. The CARP model will be updated with recent data, including the high resolution
39| Uncertainties 3 more detailed sediment transport model might be needed to address this issue. cores.
We believe that this was a conservative assumption. Without any way to estimate the
change in resuspension source term above RM8, we did assume that the source would
The reviewer questions the assumption that "following remediation, surface sediment concentrations in continue to decline along the same trajectory. However, the unremediated areas do
Explanation of unremediated areas will continue to decline exponentially with the same half life values from 2018 receive a benefit from the remediation in the calculation of the 0-6 inch layer
Assumptions and onward." There is no reason to remediate if the benefits of remediation don't extend outside the concentration. Thus, the benefits of the remedy are propagated above RM8, although in
40| Uncertainties 3 immediate area. a conservative fashion.
Based on our bathymetric analysis (Chapter 11), we have not been able to identify any
large areas that are exclusively depositional. This comment refers to the assumption
Explanation of The assumption that resuspension from the cap will initially be zero and then linearly increase until it that after the 6-inch mixed layer has been deposited, resuspension per unit area will be
Assumptions and matches the resuspension rate from non-remediated areas is tenuous and difficult to follow. Does this the same in remediated and unremediated areas. We will clarify the explanation in the
41 Uncertainties 3 mean there will be resuspension from depositional areas? final CSM.
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We agree with the premise of this comment that the approach in the EMB is
conservative. While we may have been able to speculate for more rapid rates of
recovery for the various end members, we felt that this speculation would not be
defensible and that this conservative approach would avoid over-selling the remedy. In
response to the recommendation of the peer reviewers, we are using the CARP model
Explanation of It is too conservative to assume there will be no improvements in the source concentrations. Remediation |to confirm the future projections of the EMB. As a mechanistic model, CARP
Assumptions and will affect the resuspension concentrations above RM8 and Newark Bay sediments will be diluted by the |incorporates specific physical processes to simulate the effect of the remediation on
42| Uncertainties 3 Kills. resuspension concentrations above RM8 and in Newark Bay as diluted by the Kills.
The “best fit” half times for Natural Recovery (No Action) determined from the EMB are highly uncertain.
Explanation of However, the general conclusion that levels of all contaminants (except perhaps dieldrin) are decreasing
Assumptions and rather slowly over time is very well supported by the data analysis and consistent with expectations based
16| Uncertainties 3 on particle and contaminant source analysis.
The general projections of surface sediment trends following remediation portrayed in the figures in
Explanation of Chapter 20 (i.e. dramatic initial improvement followed by some degradation as a result of sources
Assumptions and uncontrolled by the remedial efforts) is most likely and highly defensible on the basis of simple, rational
17| Uncertainties 3 analysis of the generally excellent data that was collected on a well-chosen suite of samples.
Explanation of
Assumptions and In general, the EMBM forecasts appear fairly robust to the effects of altered source fractions or
77| Uncertainties 3 recalculated half life, while the mixing depth assumption primarily impacts the partial remediation scenario. |No response required.
Most importantly from the reviewer's perspective, the very well documented complex nature of
sedimentation along the lower 12 miles of the Passaic compounded by our inability to reliably predict the
Explanation of occurrence and/or effect of major high flow events such as those in 1984 and 2007, makes it highly We appreciate the perspective of this reviewer. However, based on the
Assumptions and unlikely that additional efforts at complex modeling (either extending or refining the EMB or invoking more [recommendation of all of the other peer reviewers, we plan to use the CARP model as
18| Uncertainties 4 complex models such as CARP) would be particularly useful. another line of evidence to confirm the future projections calculated by the EMB.
The general use of a receptor model to evaluate source contributions as one among multiple lines of
Explanation of evidence is sufficiently justified in the report. However, too much precision has been attributed to the
Assumptions and results of the EMBM application and uncertainties associated with EMBM forecasts have not been fully The final CSM will include additional discussion of the EMB uncertainties and will
99| Uncertainties 4 acknowledged. present the results of a Monte Carlo analysis of the EMB.
Explanation of No. The reviewer is mystified by the neglect of the CARP model. At least it is mechanistic and it is
Assumptions and calibrated using long term hind casts (Pages 37-49). The two models used in the CSM, the one segment
149 Uncertainties 4 steady state EMB and the single exponential, are simply too crude and unconvincing to be of any real use.
Explanation of The reviewer indicates that the CARP hindcast may not be useful for the purposes of this CSM. The input
Assumptions and for Cs-137 is dominantly to drainage basin soils, while many of the COCs are input directly to the river.
33| Uncertainties 4 Thus Cs-137 is not an ideal tracer for the Passaic contaminants.
Explanation of The reviewer indicates that he was not happy with the CARP Cs-137 hindcast results. At his request a
Assumptions and more detailed CARP hindcast was performed, but two additional suggestions for additional hindcasting
34| Uncertainties 4 were not acted upon.
The reviewer disputes Dominic DiToro's observation that the CARP model predicts a relatively rapid Based on the recommendation of the peer reviewers, we are updating the CARP model
Explanation of response that is reflected in the Cs data. The reviewer indicates that the half-life of Cs-137 has been with Passaic-River-specific data and parameterization, and running it to confirm the
Assumptions and increasing. The reviewer presents Cs-137 data from NY Harbor and indicates that this should not be future projections calculated by the EMB. The CARP model will be updated with recent
35| Uncertainties 4 projected forward using a rapid response (half-life of about 10 years). data, including the high resolution cores.
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Use hydrodynamic (ECOM) and sediment transport (SEDZLJ) models to calculate potentially erodible A fine-grid sediment transport model based on SEDZLJ was developed and calibrated
areas in the entire LPR for a wide range of hydrodynamic conditions, e.g., high flows, high tides, especially [for the Lower Passaic River-Newark Bay. It is being used to evaluate various
Explanation of conditions after low flow periods during which sediments can deposit and accumulate. Finer grid sizes remediation options in the Focused Feasibility Study, including surgical capping of
Assumptions and than now used across the river are probably necessary to delineate erosion/deposition areas more discrete erosional areas, application of a thin layer cap and short-term dredging impacts
182| Uncertainties 4 accurately so as to guide dredging/capping. among others.
The use of a receptor model in this system such as the EMB with modifications is fine as long as there are
Explanation of some alternate evaluations of contributions of contaminants from these sources. These alternate We recognize the value in this suggestion, but we feel that we have addressed this by
Assumptions and estimates can be simple products of flow and concentrations of contaminants and suspended solids. The [using integrating samples that represent long-term averages rather than building up a
129 Uncertainties 4 reviewer looked for suspended solids concentrations in the water column but couldn’t find any. database of many short-term samples to accomplish the same end.
Explanation of The premise that atmospheric deposition and groundwater flux (separate from resuspension) are
Assumptions and negligible contributors to the total mass balance of most pollutants under current conditions is generally
100{ Uncertainties 5 credible. No response required.
Explanation of <On premise that loads from atmospheric deposition and groundwater can be considered negligible>: This
Assumptions and is the common assumption but | did not see any direct evidence. This is a difficult issue. The plateauin  |[The evidence for this inference is found in Chapter 9. We will revisit this chapter to
150( Uncertainties 5 TCDD concentration is suggestive of something like a diffuse, continuous source. ensure that the evidence is clearly presented.
Atmospheric deposition is not the major source of many of the contaminants in the Lower Passaic — but
this does not mean that it does not play a role in the mass balance of contaminants, particularly in the E if the river is cl d up to th int wh t heric d ition is th test
Explanation of evaluation of future conditions as in situ regeneration of loads declines. Near-field combustion sources of ven| fepr;\v: risc ear;]e up to the pon ;’1\/ erea Toﬁ pheric: ep.c|>|s_| lon 'S.f. © greates
Assumptions and PAHs via atmospheric deposition might be of particular importance, but are not discussed here, despite source (or another contaminant), the area o t. © Nveris still insigni |gant i
79| Uncertainties 5 the fact that PAHs are included in the EMBM fit. compare_d to the area of the watershed. Thus the maJerty o.f the atmospherlc_deposmon
would still reach the river through runoff (SWOs and tributaries) not through direct
Explanation of deposition. These SWOs and tributary inputs capture the atmospheric deposition to the
Assumptions and Additional discussion should be provided as to why atmospheric deposition can continue to be considered |watershed as a whole. Only the atmospheric deposition directly to the river surface itself
101 Uncertainties 5 negligible in the lower-loading conditions after remediation. was considered negligible in the CSM.

The Reible model, which was used to analyze the possible contribution of pore water to
| am not worried by uncertainties surrounding external sources from storm/waste water/atmosphere and |contamination in the Lower Passaic River, included advective and diffusive flux.
groundwater. The advective term (in groundwater) is trivial, especially in the face of high deposition. Because the pore water seepage velocity was so large (conservative), advective flux

Explanation of Diffusive fluxes would be much more significant using most model formulations, but the depositional was found to be more important than the diffusive flux. In any case, the combined
Assumptions and nature of this system, combined with the obvious utility of the EMB suggests that in the lower Passaic it impact of advective and diffusive flux was found to be negligible compared to other
54 Uncertainties 5 may not be serious to neglect it. sources of contamination to the river.

Additional discussion will be added to the CSM to clarify this issue. The calculation of

the seepage velocity will also be presented. The calculation of the seepage velocity
The discussion of the pore water boundary contribution in Chapter 9, using the Reible model, concludes |included weighting values to account for the fact that much of the seepage will be
that this is not a major source of contaminant flux to the river. The conclusion appears reasonable; through the coarse-grained sediments, which are not expected to be contaminated.
however, there are problems with the way the argument is made. The Reible approach evaluates Further, the base flow was estimated using a nearby watershed (Elizabeth River) which
equilibrium partitioning between sediment and pore water, then uses the pore water velocity and sediment [is expected to have a similar proportion of its recharge intercepted by storm water
area to calculate load to the water column. The seepage velocity is a key parameter here. Apparently conveyance. This same base flow (calculated as a depth) was applied to the LPR
areal groundwater discharge rates were estimated by base flow separation, then applied to the Passaic watershed as a depth and then converted to a volume using the area of the LPR
River direct drainage (the calculations are not given in detail). It seems clear that this approach will watershed. Thus the loss due to storm water system is accounted for. However, we
drastically overestimate seepage velocity through contaminated fine-grained sediments, because (1) agree that the seepage velocity is likely to be overestimated. The model results indicate

Explanation of groundwater discharge will occur predominantly through coarse-grained sand lenses, and (2) a significant |a miniscule portion of the contamination coming from pore water even with the highly
Assumptions and portion of the total groundwater discharge from the direct drainage is likely intercepted by the storm water |conservative input parameters. Thus, we conclude that pore water is not important to
110| Uncertainties 5 conveyance system in this relatively flat topography. the overall mass balance.
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Our calculations indicate that while a portion of the flow may come from groundwater,
most of the groundwater will pass through coarse-grained lenses, where it cannot pick
Explanation of up contamination. Despite the results in Milwaukee, our calculations and modeling
Assumptions and | believe the atmospheric input is negligible. During combined sewer overflows in Milwaukee, we found presented in Chapter 9 indicate no effect of groundwater on the contamination level in
130| Uncertainties 5 that up to 8 % of the flow came from groundwater. this river.
The receptor model approach assumes that the different source area profiles are independent of one
another. This is commonly stated as a requirement for receptor models, as correlation between profiles
can interfere with solution of the inverse problem, and may refer to either time series inputs or pollutant
spectra. In the case of the Passaic the receptor model application is steady state, so the potential issue is
correlation among the pollutant spectra. For example, the mercury concentration in one source should not
be fully predictable from the TCDD concentration and the relationship between TCDD and mercury in
another source. In fact, complete independence of source profiles is not required to solve such problems; [We agree with the reviewer. While complete independence is not feasible, the analysis
Explanation of rather, they must not be exactly correlated, as that would cause a situation in which the inverse problem conducted to select the chemicals included in the EMB was intended to minimize the
Assumptions and does not have a unique solution (because the transfer matrix cannot be inverted). Presence of partial amount of correlation in the source profiles, and allow for a stable solution of the
102 Uncertainties 6 correlation will cause problems, but not preclude a solution. regression problem.
It is difficult to judge the independence assumption based on Tables 18-6 — 18-8. For example, PCB
Explanation of concentrations do seem higher in Saddle River than in Third and Second Rivers. A sensitivity analysis
Assumptions and using Monte Carlo variations of each profile would help answer this question. Also you should compare
131 Uncertainties 6 the source profiles in linear or log plots. A Monte Carlo analysis of the EMB is planned.
"Independence" was used to describe the analysis conducted to select the chemicals
included in the EMB such that the correlation in the source profiles was minimized to
allow for a stable solution of the regression problem (see also response to comment
102). The CSM explains how dated cores are used to infer historical loadings (see
Explanation of The reviewer is not sure what “independent” means. The use of sediment cores to infer loadings is Chapter 13 of Comprehensive CSM). Sediment cores were used to provide a record of
Assumptions and sometimes necessary for historical loadings. However they are no substitute for actual loading loadings over the past several decades, because actual loading measurements in those
151 Uncertainties 6 measurements. same past decades were not available.
The Base Case EMBM results reported in Table 19-2 do not appear to be correct and do not entirely
match the electronic file. Table 19-2 indicates fractions that sum to 97.1%. Also, the ratio of CSO to
Dundee Dam (Upper Passaic) is 0.0136, which violates the constraint stated in Equation 18-4d. The
electronic file, which appears to match Figure 19-2 (but not Table 19-2), gives the fractions a bit differently
— and does meet all the stated constraints. This set of parameters yields an objective function value of
0.385 (incorrectly labeled “Chi square”, as noted above). The Excel Solver will not improve the model
from this point — but the supposed fit can readily be shown not to be a global minimum. Holding all but the
Explanation of first two components (resuspension and Dundee Dam) constant, a better fit, with objective function value
Assumptions and of 0.371, is readily obtained with 43.5% resuspension and 29.% Newark Bay (Figure 1). All constraints
106 Uncertainties 7 stated in the text are met with this revised solution.
Explanation of
Assumptions and Why the Crystal Ball application failed to find a better fit (at least as good as the one shown above) is
107| Uncertainties 7 unclear and needs to be explained.
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A fit to the same set of variables used in the base case that minimizes chi-square error (rather than mean- [A minor difference (rounded values) between the spreadsheet used to create Table 19-2
normalized error) while meeting the stated constraints yields rather different results, with 37.3% from and the spreadsheet provided to the peer reviewers resulted in these differences. The
resuspension, 37.1% from Newark Bay, and 20.9% from Upper Passaic River. As expected, this fit de- [0.385 objective function value was based on an optimization using Excel SOLVER
emphasizes TCDD (reviewer Figure 2). One way to evaluate the impacts of regressor uncertainty on the |(which has been criticized for finding local minimae). Using Crystal Ball (which has been
Explanation of EMBM results would be to do a comprehensive Monte Carlo simulation, in which the regressor found to be a more robust optimizer) the optimized solution (using the values in the
Assumptions and concentrations are either generated from statistical distributions or obtained by bootstrap resampling from |spreadsheet provided to the peer reviewers) had an objective function value of 0.349, a
108 Uncertainties 7 the data. significant improvement over the result presented by this reviewer. All constraints are
Exploration of the model response surface reveals a difficult optimization problem, in which the Excel met with this solution. Thus, there is no known issue with Crystal Ball's solution
Explanation of Solver gradient approach tends to become trapped in local minima. In part, this may be due to the technique and the concerns raised here are caused by rounding errors. A Monte Carlo
Assumptions and constraint that the sum of the factors exactly equal 1. Parameter uncertainty and correlation introduced by |analysis is planned, which will help quanitify the uncertainty in the model and the
109 Uncertainties 7 multicollinearity in the source data also likely plays a role. sensitivity of the output to changes in input parameters.
Explanation of
Assumptions and Consideration of a single receptor site is problematic because it is actually an average over 10 miles of The CSM presents the evidence that the variation in RM2-12 is minimal. The use of
86| Uncertainties 7 river, with evident variability and spatial trends in the Lower Passaic. several cells in the single-layer box model associated with the EMB would increase
significantly the degrees of freedom in the model, perhaps prohibitively. A Monte Carlo
The definition of the key internal resuspension source is particularly uncertain. In fact, every deposition analysis of the EMB is planned, which will allow a better estimate of uncertainty in the
area within the Lower Passaic is a somewhat different receptor, and ever eroding hotspot is a separate model. In addition, in response to the recommendation of the peer reviewers, the CARP
source. Obviously, analytical complexity precludes distinguishing all these different receptors and model is being run to confirm the future projections calculated by the EMB's box model.
Explanation of sources; however, the analysis could have been done in a variety of different ways -- for instance by The CARP model divides the Lower Passaic River and Newark Bay into several cells
Assumptions and subsetting the length of the Lower Passaic into more that one receptor (and more than one source) and laterally and longitudinally, allowing more than one receptor and source to be
85| Uncertainties 7 solving the model using a multivariate approach. considered.
Multiple bathymetric surveys show that erosional and depositional areas shift
unpredictably from year to year, so that it would be impossible to find a discrete
erosional area to remediate. In addition, high concentrations of dioxin and other
Significant loads are most likely from areas that have recently shifted from a depositional to erosional contaminants exist throughout the surface sediments of RMO0-8, so that targeted
status, perhaps from lateral migration of the channel thalweg. It seems likely that the major resuspension [remediation aimed at cutting off the source of contamination would fail to address the
load source areas change over time, although the average rate of resuspension loading across the entire [high levels of risk that exist throughout RM0-8. For this reason, the FFS evaluates
Lower Passaic River may be approximately constant. The spatially averaged EMBM approach is not remedial alternatives that encompass the sediments in RM0-8. However, as
Explanation of capable of evaluating remedial options at a finer spatial scale than the entire length of the Lower Passaic [recommended by the peer reviewers, a fine-grid sediment transport model based on
Assumptions and below RM12 or some specified fraction of that reach based on the assumption of complete longitudinal SEDZL-J is being run to investigate the possibility of focused remediation of discrete
94| Uncertainties 7 mixing. erosional areas
The assumption that all COPCs are perfectly conservative particle tracers is probably useful in this
sediment transport dominated system for many of the contaminants -- best for TCDD, PAHSs that are
associated with particles in "resistant" phases or they would not be there or last, some more chlorinated
PCBs, DDE or sum of DDT residues, and more particle reactive metals Pb, Cu and Hg being the best.
The inclusion of Cd, Zn, As, Cr, Co in the EMB may not be a good idea because they can be more soluble |Of these metals, only chromium was used in the opimization routine of the EMB. The
depending on the chemistry of the water and the sediments (ex. Cd, Zn, As are primarily in the dissolved |other metals cited were not used in the model solution, but their sources were estimated
phase in sea water.) The fact that the EMB works so well with these metals may indicate poor constraints [from the EMB results. Because these contaminants do not show gradients in the LPR
on the model. The bottom line is | do worry to an extent about neglecting the dissolved phase/particle- and especially because their ratios to iron are constant, it would appear that their particle
Explanation of solution exchange may bias the EMB - but the calculations make reasonable sense and are constrained [concentrations are largely independent of aqueous changes. This might suggest the
Assumptions and by other bathymetry and sediment load data. This approach (EMB) actually works better than what one presence of sulfide-bearing sediments, which would be consistent with the observations
47| Uncertainties 7 would get in a model including exchange between particulate and dissolved/colloidal phases. of the organic-rich, reducing conditions of the Lower Passaic River sediments.
Explanation of
Assumptions and What are the effects of TOC and Fe on the EMB results? More testing and refinement of the EMB would |The planned Monte Carlo analysis of the EMB will help quantify the uncertainty and
48| Uncertainties 7 lend greater confidence in the results. determine the effects of TOC and Fe on the results
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The EMB focused on contaminants that were highly particle-bound in aquatic systems,
to serve as tracers for sediment transport. Although there is some dissolved phase for
Targets for the receptor analysis were selected via a cluster analysis to identify independent contaminants |some of the constituents, this phase is assumed to be in equilibrium with concentrations
that “provide a relatively unique pattern for each of the various sources.” This is a necessary step to on the particles, and it is likely not significant with respect to changing the particulate
reduce multicollinearity, but also contains subjective components that may influence model results. In chemistry in the Lower Passaic River. The fact that the EMB can explain the mass
theory, the EMBM is predicting only solid-phase transport. One identified cluster of PAH compounds “was |balance of Hg and TOC, for example, within 20 percent, supports the inference that any
Explanation of not included because it contained mostly 2- and 3-ring PAH compounds, which likely have significant dissolved phase transport is small and cannot substantively change the chemistry of the
Assumptions and dissolved phase concentrations.” Some other constituents may also have significant non-solids phases, [particles in the Lower Passaic River. Thus, the EMB formulation adequately describes
88| Uncertainties 7 such as mercury, TOC, and PBCs sorbed to DOC in the water column. gross particle behavior in the system.
Explanation of
Assumptions and The EMB as applied to the Lower Passaic River, the expression for the tracer concentration Yi, eq. 18-2
126 Uncertainties 7 should contain an error term ei.
Explanation of
Assumptions and For the EMB, the weighted variance expression, eq. 18-3 must reflect the errors of the source profiles Xij
127| Uncertainties 7 where i and j represent the ith chemical and the jth source.
Equation 18-2 presents the model as:
((SEE COMMENTS FOR EQUATION)) where Yi is the receptor concentration of constituent i, fj is the
fraction contributed by the jth source, and Xij is the concentration of constituent i in the jth source. This
simplistic presentation ignores the presence of measurement uncertainty in both the Y and X. The
uncertainty in the Yi implies that the receptor model should properly be written with a disturbance term as
Explanation of ((SEE COMMENTS FOR EQUATION)), from which it is evident that the receptor model is actually a
Assumptions and multiple linear regression problem — as is acknowledged through proposed use of a chi-square fit criterion
87| Uncertainties 7 in the parameter optimization.
There are considerable uncertainties in the source (regressor) terms, the X; (refers to equations in Bu-28).
Stochastic regressors can cause problems with chi-square optimization. In general, if the disturbances in
the regressors are independent of the disturbances in the receptor measurements no bias is introduced;
however, if the disturbances in the regressors are correlated with the disturbances in the receptor
measurements the resulting fit may exhibit systematic biases, because some of the disturbance-
generated variation of the dependent variable is incorrectly ‘credited’ to the regressor with which that
Explanation of disturbance is correlated. For example, if the estimated value of the receptor mean concentrations are
Assumptions and overestimated relative to the true average (due to choice of sampling locations, for instance), then too
104 Uncertainties 7 much weight will be assigned to sources whose strength is also over-estimated.
There are some significant potential problems with the mathematical implementation of the EMBM. Fitting
Explanation of is to mean-normalized squared errors, not chi-square as stated, which weights the fit to contaminants that
Assumptions and have a low concentration instead of toward those with high precision. The solution presented does not
103 Uncertainties 7 appear to be the optimal solution, and model results are sensitive to small changes in assumptions.
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Fitting of the EMBM is done through numerical optimization, rather than solution of normal equations for
the regression problem, but is subject to the same problems: 1) high variability in source terms results in
high uncertainty in estimated values of f; 2) solution may be impacted by heteroscedasticity. If the
disturbances in measurements are positively scale-dependent, then a chi-square fitting procedure will tend
to exaggerate the effect on the fit of disturbances in larger observed concentrations. A log transformation
might improve the model fit approach. The approach on p.18-6 (implies that chi-square optimization was
not used) is an incorrect response to this problem. Instead, suitable data transformations should have first
been used to reduce the scale-dependence of the disturbance term. Each chi square term in the
Explanation of summation has been multiplied through by the square of the CV, as CV = o/y. This has the effect of
Assumptions and weighting the fit toward those constituents that have a lower concentration rather than lower variance.
105 Uncertainties 7 Approach taken leads one to suspect that fit was purposely weighted toward TCDD.
Explanation of Our formulation method is from Ogura, 2005. It is planned to add the error term to the
Assumptions and In order to have a statistically valid solution one must require that the chi-squared value is comparable to |equation as suggested by the reviewer. A planned Monte Carlo analysis will address the
128| Uncertainties 7 the degrees of freedom df. uncertainty in the source terms.
The formulation of the equations comes from Ogura, 2005
See Section 14.5 for a rationale for the assumption that Be-7 sediments have
The statistical formulation (Eq. 3 in Evaluating the Modeling Frameworks) is not appropriate. The Errors in |concentrations similar to those found on the suspended sediment in the water column.
Variables formulation (Eq. 4) is what is required. Furthermore, it is assumed that Be-7 containing particles | The constant concentrations of almost all contaminants along the river's length as well
Explanation of can be treated as though they are water column particles. This needs to be justified by direct as their constancy when normalized to iron indicates that the dissolved and sorbed
Assumptions and measurements. Finally the steady state assumption needs testing, as well as the implicit assumption of portions of these contaminants are in equilibrium. Thus, dissolution does not remove
152 Uncertainties 7 irreversible sorption. contaminants from their sorbed state.
In applying the EMB to the Lower Passaic River, the reviewer questions the role of the suspended
Explanation of sediments (eq. 18-1). While the sources including the Upper Passaic River, Newark Bay, Saddle River,
Assumptions and Third River, Second River and SWOs, and CSOs make sense, the reviewer believes that the suspended
133] Uncertainties 7 sediment category should belong to the surface sediment receptor category.
Explanation of These comments reflect a misunderstanding relative to the EMB formulation, as
Assumptions and acknowledged by Dr. Christensen during the 7/9/08 final conference call with the peer
137 Uncertainties 7 The resuspended sediment should be classified as a receptor not as a source. reviewers.
The EMB is sufficient for this purpose and done very well in a system that is especially amenable to this
approach. The importance of internal cycling (resuspension term) of TCDD cannot be explained easily
otherwise. Differences in the assumptions/parameters in the EMB and the resulting model fits would
Clarity and affect other conclusions but the very high percentage of TCDD load calculated to be from local sources is
Correctness of one prediction that is not at all sensitive to the calculation - without a missing hgher concentration source -
58| Data Evaluations 8 there can be no other result from this calculation. No response required.
In general, we have observed very little evidence for partially protected sites, except for
an area near two cores in the immediate vicinity of the 80 Lister Avenue site with
Clarity and Surface sediment and suspended sediment should belong to the same category, that is the receptor. extremely high dioxin concentrations at depth; sediments represented by these cores
Correctness of Regarding local variations, one should look for individual partially protected sites, if any, where pollution are being addressed as part of a non-time critical removal by Occidental Chemical Corp
134| Data Evaluations 8 may be high due to former manufactured gas plants, certain industries, etc. under a June 2008 Administrative Order on Consent.
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The reviewer finds the relevant plots (Figure 14-4) most convincing to an uncertainty of a factor of 2 or 3
(consistent with uncertainty in the EMB). Consequently, from a modeling and remediation perspective, he
tends to agree (that recently deposited sediments from RM2-12 are sufficiently similar that they can be In 2007, surface sediments were collected at the high resolution core locations sampled
represented by an average concentration relative to external sources), however, from a geochemical in 2005, to update the core profiles with recent data. The 2007 surface sediments at
perspective, he has several concerns. For example, the highest levels of dieldrin (by about a factor of 5) [RM11 and 12.6 show that sediments in those areas have returned or are on their way to
in the high resolution cores occur at RM 11 and 12.6 (although significantly “offset” in time based on returning to similar concentrations as observed in RM2-10. In addition, the CSM shows
Clarity and current dating assignments) and do not appear to have “mixed” downstream. A similar situation exists for [that the inventory of fine-grained sediments above RM8 is too small for recontamination
Correctness of the “second source” 2,3,7,8-TCDD noted in the upper sections of those two cores (page 13-6) discussed |to be a significant mechanism for transport of contaminants from RM8-17 to RMO0-8,
20| Data Evaluations 8 above. even if temporarily elevated concentrations are observed in RM8-17.
The salt-front penetration arguments for tidally driven upstream sediment transport and contaminant
mixing (Chapter 10) is rather weak. If the extent of upstream particle transport/mixing is deemed to be
critical information, the best approach would be additional exploitation of particle-reactive geochemical
tracers. As discussed above, DDT-related compounds derived from production at 80 Lister Avenue have
potential as tracers of at the “downstream end,” as does hexachlorobenzene (based on the PhD thesis of
Damon Chaky that has been shared with Malcolm Pirnie). As tracers of “upstream” particles entering over
Clarity and the Dundee Dam, the composition of the persistent flame-retardant chemicals, PBDEs (PhD thesis and The extent of upstream sediment transport and mixing is being investigated using a fine-
Correctness of draft ms of Luci Benedict) and perhaps alkylphenol ethoxylates or other surfactant chemicals that Bruce |grid hydrodynamic and sediment transport model (based on SEDZL-J), as
21| Data Evaluations 8 Brownawell is working on have significant potential. recommended by the peer reviewers.
Representation of recently deposited sediments between RM2 and RM12 as fully mixed is somewhat
problematic as there do appear to be consistent spatial gradients. These internal gradients are sufficiently |[We concur with this statement, in general. However, we feel that the bathymetric
small relative to the external sources and end members that use of a receptor model, based on average [evidence provides another line of support to the conclusion that no limited areal
Clarity and concentrations, is acceptable as a means of investigating the overall mass balance of pollutants in the remediation would work. Specifically (as noted in response to comment 94), all areas
Correctness of Lower Passaic. This simplification does create problems for evaluating and comparing remedial have similar, but locally heterogeneous and temporally variable rates of erosion and
111| Data Evaluations 8 scenarios. deposition.
Although there is high variability in the top 6 inch data, there are no discernable trends or
hotspots in the river. Variation in the 6-inch data is expected because it covers a variety
of erosional and depositional areas where sediments deposited in different eras are
exposed. The EMB and forecasts are based on the idea that erosional areas cover a
The top 6 inch data is highly variable. The Be-7 tagged TCDD concentrations are reasonably uniform. The |wide range of concentration levels and that as they deposit out of the water column, river
Clarity and model assumes that both are uniform. Is this reasonable? The reviewer thinks not. But why do it that sediments are mixed along the length. As recommended by the peer reviewers, the
Correctness of way? Models that can actually take the spatial inhomogeneity into account are being developed. The CARP model is being used to confirm the future projections calculated by the EMB. The
154| Data Evaluations 8 CARP model is available now for use in at least exploring the consequences of varying concentrations. CARP model grid is being refined to explore spatial heterogeneity in the Passaic River.
The reviewer finds this most important assertion to be very well supported by the data and analysis.
[Assertion: Approximately 95% of the dioxin (NOTE: | assume that the assertion meant to say 2,3,7,8-
Clarity and TCDD) currently accumulating in the recently-deposited sediments on the river bottom is due to
Correctness of resuspension and subsequent deposition of the bedded legacy sediments; i.e. an internal source is driving
22| Data Evaluations 8 the dioxin (2,3,7,8-TCDD) concentration in recently deposited sediments.] No response required.
The finding that the majority of the dioxin currently accumulating in the recently-deposited sediments is
Clarity and derived from resuspension of legacy sediments is supported by multiple lines of evidence. Due to
Correctness of uncertainties in the EMBM formulation, the reviewer would characterize this as “90% or more” rather than |Additional work (Monte Carlos analysis) will be done to quantify the uncertainty in the
112| Data Evaluations 8 “approximately 95%.” EMB results.
Clarity and
Correctness of Dioxin is the most significant toxin and is the only chemical which can be significantly remediated by action
185| Data Evaluations 8 in the LPR. This conclusion does not depend on the EMBM.
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Clarity and Dioxin has no significant sources above Dundee Dam, from Newark Bay, or from any tributaries. The
Correctness of presence of dioxin in surface layers is almost entirely due to resuspension of older, contaminated
186| Data Evaluations 8 sediments. This conclusion also does not depend on the EMBM. Agreed.
We believe that the reviewer is confusing solids contributions from resuspension with
dioxin contributions from resuspension. The EMB showed that nearly 50% of the solids
in the LPR originated as resuspended legacy sediments. The other 50% came mostly
from the UPR and Newark Bay. The dioxin contribution mentioned in this charge
question is a mass load contribution, calculated by multiplying the average concentration
on the solids at each source by the fractional solids contribution. For 2,3,7,8-TCDD, the
concentration on the resuspended sediment is 2-3 orders of magnitude greater than the
concentrations on the UPR sediments and those derived from minor sources and nearly
1 order of magnitude greater than that on the sediments from Newark Bay. Thus, as
mass, 95% of the 2,3,7,8-TCDD in the Be-7 bearing sediments in the LPR originated
Clarity and As the reviewer understands the EMB, 50% not 95% is from the lower eight miles. The rest is from either |from the 50% of the solids that were resuspended.
Correctness of the Upper Passaic or Newark Bay. The reviewer perceives that this statement refers to all the within river |Note: When this response was explained to the reviewer during the 7/9/08 final
155| Data Evaluations 8 sources. conference call with the peer reviewers, he understood and retracted the comment.
The uncertainties involved in these models (EMB and forecast) are well-known and
Clarity and acknowledged by the team. A Monte Carlo analysis will be done to better quantify the
Correctness of I's not data alone that is used to support predictions. It is models and data together and the models (EMB |uncertainty. As recommended by the peer reviewers, the CARP model will also be used
153| Data Evaluations 8 and the single exponential extrapolation) are simply not up to the task. to confirm the future projections calculated by the EMB.
It is particularly appropriate for an Early Action decision to focus on the major sources of risk, which are
Clarity and particle-reactive and relatively conservative. A full analysis of site risks and responses to remedial options
Correctness of would require a more comprehensive examination that accounts for transport in the dissolved phase and
113| Data Evaluations 9 the DOC-sorbed phase that can play an important role in the transport of hydrophobic contaminants. No response required.
The report focuses on contaminants of potential concern (COPCs) on sediment, largely ignoring mass and
transport in the dissolved phase or sorbed to dissolved or colloidal organic matter (both of which are in
most cases analytically resolved as part of the dissolved phase). This is, in part, a function of the
available data, as water column monitoring is sparse at best. It is also a reasonable approximation for
hydrophobic contaminants that occur predominantly in particle-sorbed form. The approach also assumes
Clarity and that boundary condition concentrations on sediment are equivalent to concentrations on depositing
Correctness of sediment within the river, ignoring any transformations in the water column. However, these
93| Data Evaluations 9 approximations may not be adequate for all COPCs, such as low molecular weight PAHs and mercury. See responses to Comments 88 and 7.
Clarity and The EMB should also look at more soluble low molecular weight compounds including PCBs and PAHSs.
Correctness of Other compounds of interest is atrazine and MTBE, and personal care products and pharmaceuticals. In
136| Data Evaluations 9 the category of particle associated compounds one could screen for PBDEs.
EMBM ignores the desorption of hydrophobic chemicals. As a first approximation for highly hydrophobic
chemicals (e.g., dioxin and high Kp PQBS), this is probgbly a good approximation. Howeveﬂ for. low Kp The CSM focused on particle reactive contaminants because they have been found to
Clarity and PCBs, PAHSs, and other chemicals, this may cause serious errors. The solids balance is potentially be the main drivers in the risk assessment. Remediation of the sediments is expected
Correctness of impacted by this error. Partitioning behavior will help explain the fact that the ratio of high K; to low K, to have a marked effect on the contamination levels in the river. See also response to
179| Data Evaluations 9 PCBs changes from above Dundee Dam to the LPR. Comment 88.
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The partitioning coefficient of Cs-137 is greater than 10%, meaning that it is highly
particle-reactive and thus effectively used as a tracer of sediment dynamics. There is an
extensive body of data collected with respect to atmospheric deposition and
environmental fate of Cs-137 in the region (NOAA’s environmental monitoring laboratory
in Manhattan). Work conducted in the NY-NJ Harbor Estuary by Curt Olsen (1979, 1981
and 1984-85) and fate and transport analyses conducted by Steve Chilrud (1996)
document the basis for using Cs-137 for core dating and, in fact, develop models of Cs-
137 input to the watershed and behavior in the sediment. In the CSM, Cs-137 sediment
Clarity and All modern contaminant transport models consider both dissolved and particulate fractions. The proper data were used only to identify specific horizons in the cores for the purpose of dating
Correctness of modeling of 137Cs requires an explicit consideration of the dissolved component. It would be a simple the various intervals; Cs-137 was not used as a chemical parameter for modeling
156| Data Evaluations 9 exercise to run the CARP model with infinite partitioning and test the assumption. purposes.
While the EMB may not provide spatial resolution to identify small areas for remediation,
evidence suggests that for contaminants derived by resuspended sediments, the EMB
does allow us to test the impact of a smaller remedy on the river as a whole. The
properties of the Be-7 layer predicted by the EMB are related to the magnitude of the
resuspension term. For those contaminants driven by resuspension, it follows logically
that concentration in this layer can only decline in direct proportion to the amount of
The evidence for resuspension of legacy sediments does appear clear; what is less clear is whether this is |[resuspension controlled by remediation. The relative improvement achieved by each
a phenomenon that occurs throughout the Lower Passaic or is dominated by erosion of specific hotspots. [remediation option can be directly related to the spatial extent of that option and the
The specific selection of the 1995 layer to represent this source appears somewhat arbitrary. Use of the |associated decrease in the resuspension term. For areas that remain unremediated,
1995 core tops appears to provide a reasonable approximation of the ensemble behavior, but it should be |surface concentrations will recover no faster than this estimate for the annual Be-7
Clarity and recognized as a gross spatial approximation that obscures actual site processes. For this reason (among |bearing layer. Also, following the recommendation of the peer reviewers, we are using
Correctness of various others) the EMBM approach is not really competent to make distinctions more subtle than that the CARP model and a fine-grid sediment transport model based on SEDZL-J to
114| Data Evaluations 10 between near total remediation and natural attenuation. investigate remediation of discrete areas of the river, among other scenarios.
Clarity and There is probably not too much error in the approximately 50% resuspension fraction. However, this
Correctness of should be backed up with an actual sediment transport model, which is being constructed. The real This comment was clarified during the 7/9/08 final conference call with the peer
157| Data Evaluations 10 question is: what is the source of the other 50% and is there an ongoing unknown source of TCDD. reviewers. See response to Comment 155.
Appropriateness There should be more statistical analysis of the historical data used to estimate the half lives. The rate of
52| of Conclusions 11 contaminant reduction generally tends to slow over time.
Model forecasts based on decay rates are highly problematic given the variability in the data used to
estimate these rates, as discussed in Section 4 of these comments. The uncertainty in estimating decay
rates has significant effects on the predicted ability of remedial actions to achieve goals; however, the
effect on relative performance of the remedial alternatives and their comparison to natural attenuation is
less severe. The EMBM approach is significantly limited in its ability to represent pre- and post- A Monte Carlo analysis of the forecasts is planned, which will incorporate the statistical
Appropriateness remediation conditions — and thus the potential for recontamination — due to its assumption of completely |variability in the decay rates. In addition, at the recommendation of the peer reviewers,
116| of Conclusions 11 mixed, homogenous conditions between RM 2 and RM 12. the CARP model is being run to confirm the future projections calculated by the EMB.
The reviewer is concerned about the plateau in the time course data for TCDD and the discrepancy The data presented in the CSM do not support a 10-year half-life for TCDD. At the
between the various half life estimates: less than 10 yrs from the CARP model, 25 yrs from the recommendation of the peer reviewers, additional analysis using the CARP model is
exponential analysis, and a by-phasic behavior in the data suggesting a continuing source. Until this is planned, which will incorporate recent data and attempt to reconcile or explain
Appropriateness sorted out, there is no strong reason for believing that we can forecast the outcome of remediation differences between CARP results and the half-lives observed in the high resolution
158 of Conclusions 11 alternatives. cores.
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The reviewer is correct in noting that the trajectory calculations do not take changes in
physical processes due to remediation into account. However, because any active
remedial alternative includes deepening the river (to allow sufficient flood-carrying
capacity or reasonably-anticipated future navigation use), the sedimentation rate will
increase upon remediation, increasing the relative amounts of Newark Bay and Upper
Passaic River sediments compared to the resuspension contribution, and decreasing
the surface sediment concentrations. Thus, the trajectory forecasts for remediation
presented in the CSM are conservative, upper-bound estimates of future conditions. In
Trajectory calculations ignore the dynamic nature of the system (where erosional areas are non-steady addition, as recommended by the peer reviewers, a fine-grid sediment transport model
Appropriateness state; i.e., formerly deposited contaminants are exposed) and do not account for changes to the system |and CARP model that simulate the dynamic nature of the river bottom are being used to
37| of Conclusions 11 caused by remediation or passage of time. confirm the future projections calculated by the EMB.
The upstream pollution was removed from the total concentration in the LPR before
extrapolating a trajectory. Thus, they are unaffected by the upper Passaic River
concentrations. The trajectories assume constant concentrations from 2004 to the
Appropriateness The empirical extrapolations used to evaluate the remediation scenarios are only valid if upstream future from the upper Passaic River. This is consistent with the Dundee Lake cores for
138 of Conclusions 11 pollution is curtailed significantly. most contaminants.
With a mixed layer thickness of 6 in and a sedimentation rate in the RMO-8 stretch of 0.25 in/yr we obtain
a half-life for cleanup of 17 years. The contribution of suspended sediment to this half-life is probably
Appropriateness minor. At 20’ water depth, 500 mg/l suspended solids concentration, and a sediment porosity of 0.6, the [We concur with the estimate of 17 years for the half-life if the settling sediment is clean
139| of Conclusions 11 equivalent sediment thickness is only 0. 3 cm compared to the 6 in = 15.2 cm. of contaminant. It is not clear where the estimate of 500 mg/L TSS comes from.
No other modeling is necessary. As far as chemical concentrations in organisms are concerned, these
concentrations will decrease proportional to the decrease in chemical concentrations in surface
sediments. For example, if chemical concentrations in surface sediments are reduced by 50%, chemical
concentrations in organisms will also reduce by 50%. There will be a time lag in this decrease, but this
Appropriateness time lag is less than the time for dredging and capping, approximately 10 years, and can therefore be
183| of Conclusions 11 ignored. No response required.
Appropriateness Rather than the current level of uncertainty limiting or delaying remedial options, | believe that a basic data
19| of Conclusions 12 analysis strongly supports a focused preliminary remedial effort.
Because the areas that supply the resuspension flux have not been located and may not be consistent
over time, a preliminary remediation strategy that should be considered would involve dredging an area
Appropriateness near the mouth of the Passaic. This could remove a large fraction of the contaminant inventory and
25| of Conclusions 12 significantly address the problem of 2,3,7,8-TCDD, arguably the contaminant of greatest concern.
Capping this area should not be considered as the “hole” would serve as a trap for sediments and
associated contaminants both from Newark Bay and further upstream in the Passaic. Such an area would
be expected to accumulate contaminated sediments at a rapid rate. Our one core from the lower Passaic
Appropriateness from a recently dredged area (a marina near RM 8) had an estimated net accumulation rate based on the
26| of Conclusions 12 Be-7 profile of over a meter per year. Future dredging of the area would continue the remediation. Given that high concentrations of dioxins and other contaminants exist throughout the
In general, the reviewer would be concerned about capping anywhere in the lower Passaic based on the |surface sediments of RMO0-8, remediation in RMO-1 alone or above Dundee Dam will not
Appropriateness unstable patterns of deposition and erosion and lack of information related to the effects of major high flow |address the high risks present in RM1-8. A sediment transport model has been run to
27| of Conclusions 12 events. design a cap with armor that will withstand large storm events. The future projections
A similar dredging operation in Dundee Lake as part of the preliminary remediation could be considered to |calculated by the single-layer box model associated with the EMB (and those to be
Appropriateness significantly decrease future inputs of PAHs (Figures 19-7 and 19-8) and, to a somewhat lesser extent, calculated by the CARP model) take into account recontamination from external
28| of Conclusions 12 total PCBs (Figure 19-6). sources.
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While the reviewer is convinced of the importance/dominance of the resuspension source for most of the
contaminants, he is concerned that the areas supplying the resuspended contaminated sediment have not
been (and, given the convincing analysis of erosional and depositional regimes presented in Chapter 11
probably could not be) specified in space or time. It seems unlikely that further
measurement/determination of current mixing depth or “erodibility” as a function of location would prove
particularly useful. Indeed, it seems quite possible that the high flow event of April 2007 may have
changed the sedimentary environment significantly at specific sites since samples were collected.
Such considerations lead to the concern that any remedy other than large scale source removal will result
in significant recontamination. To me this suggests a strategy based on dredging that maximizes
Appropriateness inventory removal, enhances deposition in the remediated areas, and allows for future dredging following
24| of Conclusions 12 recontamination. No response required.
An optimal approach to remediation could well involve more focused (and less costly) remediation of
specific high-risk source areas, but such scenarios cannot be evaluated within the current framework. If
the EMBM forecasts are used as a basis for an Early Action decision, other lines of geochemical evidence
Appropriateness need to be used to remediate the highest-risk locations first, with provisions for adaptive management to
115 of Conclusions 12 adjust the remedy as additional information is collected.
It is clear, as stated (p. 11-40), that “much of the river bottom is subject to large movements of several
inches of sediment, resulting in multiple layers of deposition of alternating silts and sands.” It does not Multiple bathymetric surveys show that erosional and depositional areas shift
necessarily follow from this observation that remedial alternatives must address the entire sediment bed of [unpredictably from year to year, so that it would be impossible to find a discrete
the lower eight miles of the river — although that is the only alternative that the EMBM approach is really erosional area to remediate. In addition, high concentrations of dioxin and other
capable of evaluating. Use of a detailed hydrodynamic and sediment erosion would obviously be useful to |contaminants exist throughout the surface sediments of RM0-8, so that targeted
evaluate targeted remediation. The currently available data may provide some clues suitable for early remediation aimed at cutting off the source of contamination would fail to address the
action intervention. For instance, the bathymetric profiles could be reanalyzed to provide some indication |high levels of risk that exist throughout RM0-8. However, as recommended by the peer
Appropriateness of areas in which erosion is progressing into areas with significant stores of legacy contamination. Such |reviewers, a fine-grid sediment transport model based on SEDZL-J is being run to
117| of Conclusions 12 areas would be natural high priority candidates for early action. investigate the possibility of focused remediation of discrete erosional areas.
The magnitude of the reservoir of material at RM11 is substantively smaller and less
thick than the inventory below RM8. Based on the dated sediment cores, there was no
measureable gradient between RM2.2 and RM11 in the decade prior to the circa 2000
release event. Additionally, about 86% of the fine-grained sediment surface area is
located below RM8 and only 6% of the fine grained area is located between RM8 and
RM12. Even if the dioxin concentrations in surficial sediments between RM8 and RM12
were twice as high as those in the lower 8 miles, the flux from the sediments below RM8
would still be seven times greater than the flux originating in RM8-12, assuming that the
rate of fine-grained sediment resuspension is proportional to the fine-grained sediment
The reviewer has some reservation with the idea of only remediating fine grained depositing, but also surface area. Therefore, the fine-grained sediments below RM 8 remain the single-most
resuspending, sediment in the RMO- 8 compartment. From Fig. 7-1 it is apparent that there is a important source of dioxin to the Lower Passaic River. Also, EPA will be using the
Appropriateness significant dioxin source at RM11.5. Before remediating the RMO0-8 stretch one should consider removing |sediment transport model SEDZLJ to evaluate whether a remediation should start in
135| of Conclusions 12 high dioxin sediment erosion source areas such as those around RM11.5. RMO0-8 or RM8-12.
Remediation should proceed in three stages: First remediate upstream hot points such as dioxin around
RM11.5. Considering the heterogeneity of the RM0-8 stretch with respect to contaminant concentrations
and sedimentation rates, | think one should next design a remediation plan for perhaps 20% of the RMO0-8
stretch concentrating on sites with high contaminant concentrations that are likely to undergo See response to Comment 135 on remediation above RM8. As to detailed procedures
Appropriateness resuspension frequently. The third step, if necessary, would be removal or capping of most of the for remediation within RMO0-8, the design of the remedy will take into consideration these
140| of Conclusions 12 remainder of the river stretch. types of concerns and is not part of the Focused Feasibility Study.
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Dredge and cap all potentially erodible areas throughout the LPR. This is the best that can be done
unless upstream areas are also remediated. (Potentially erodible areas means all areas that can be
Appropriateness significantly eroded in storms/floods/tides up to and including a 100 year event.) Do not dredge and cap
184| of Conclusions 12 depositional areas. This would be an enormous waste of time and money. See responses to Comments 115 and 25.
While clearly a geochemical question, the answer requires a risk assessment perspective that | do not These PRGs were developed based on the Risk Assessment and are consistent with
Appropriateness possess. |did find the PRGs (Table 20-10) to be rather arbitrary and not particularly related to risk EPA guidance on background concentrations ("Role of Background in the CERCLA
23| of Conclusions 12 assessment (1?). Cleanup Program", OSWER 9285.6-07P).
We agree that recontamination of remediated areas will occur from above RMS.
However, because there is less fine-grained sediment above RM8, the recontamination
will not be to the same levels as before remediation. This is explicitly calculated in the
EMB model forecasts and is shown not to be a disporportionate problem. In particular,
the forecasts indicate significant and sustained reduction in surface concentrations as a
If remediation is performed on RMO to RM8 only, contaminated sediments from above RM8 will be result of the remediation of the lower 8 miles. In addition, based on recommendations
resuspended during storms and floods and will deposit in the RMO to RM8 area, an area which is mostly [from the peer reviewers, the sediment transport model based on SEDZL-J is being run
Appropriateness depositional. The result will be that the surface layers in the LPR will be essentially contaminated the to investigate the extent of recontamination from RM8-17 onto any remediation of RMO-
178| of Conclusions 12 same as before. 8. See also response to Comment 135.
At this stage of analysis, the models are too crude and too uncertain, see the above comments and the
analysis in Evaluating the Modeling Frameworks, to be able to discriminate between selective dredging or
capping alternatives. Also, a detailed dredging or capping plan needs to look at the effects of large storms
as well as the gradual effects of dilution by clean sediments. The present uncertainty of the source of A Monte Carlo analysis of the EMB is planned. Also, based on the recommendation of
Appropriateness sediments to the 8 mile reach: Newark Bay vs. Upper Passaic River, and the uncertainty of the future the peer reviewers, the CARP model is being run to confirm the future projections
159| of Conclusions 12 concentrations in these sediments makes the projections in the CSM very uncertain. calculated by the EMB.
The reviewer's biggest concern involves the application of the EMB in its current state to project The CSM is used in combination with other lines of evidence (such as a robust
contamination in the future - the application of the EMB in Chapter 20 is neither well thought or described, |bathymetric data set to evaluate sediment stability) to define alternative remedial
nor is it reflective of the thought and good work that precedes it. it brings up the question of whether the |alternatives. In addition, at the recommendation of the peer reviewers, the CARP model
Appropriateness type of large scale box model used (with many steady state assumptions) is/can be adequate for is being run to confirm the future projections calculated by the EMB as yet another line
59| of Conclusions 12 assessing or even defining alternative remedial action scenarios. of evidence to assess the remedial alternatives.
We agree that mechanistic modeling is a useful tool. Based on recommendations from
the peer reviewers, both the sediment transport model (SEDZL-J) and CARP model are
being run to investigate various options for the Focused Feasibility Study, including
Appropriateness A reasonable early action should, and can, be based on hydrodynamics and sediment and contaminant capping of discrete erosional areas and other scenarios. However, EPA also believes
181| of Conclusions 12 transport alone. empirical analyses can provide reliable lines of evidence to support remedial decisions.
In the discussion of solids transport (Chapter 11), the apparent lack of strong correlation between
depositional rate estimates from bathymetric surveys and core classification (p. 11-37) is disappointing,
particularly as the reason is cited as “unknown.” This calls into question whether the bathymetry is
sufficiently accurate to establish sedimentation/erosion rates and/or whether the ¥7Cs data interpretations
are valid. | suspect both analyses are valid (although you will need to support this in stronger terms) and
that the lack of correlation is primarily due to scale issues, with a core representing only a 6” segment of
the bottom. That, however, suggests that erosion and deposition in the Lower Passaic is extremely
96 Other N/A heterogeneous at a fine scale, making the identification of high-risk erosional hotspots problematic. CSM discussion will be expanded to include these concerns
The analysis assumes that one constant deposition rate applies prior to 1963, and another lower rate These deposition rates (prior to 1963 and after 1963) are averages based on total depth
applies after 1963. If the decline in deposition rates is due to gradual filling of the dredged channel, deposited over a given period of time. We do not mean to imply that the depositional
wouldn'’t it be more appropriate to assume a deposition rate that declines exponentially over time, rather  |rate suddenly changed in 1963, but that the average before and after that date was
97 Other N/A than imposing a step change? different.
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The discussion of salinity data in the hydrodynamic evaluation notes problems with probes, attributed to
“debris.” The observed problems with these data seem more likely to be due to biofilm development. The
QC procedures cited in regard to the salinity data appear fairly arbitrary; there are no detailed notes on
quality evaluation, and no discussion of drift correction. Analysis of fit of the hydrodynamic model to salt
front position should ideally employ a harmonic analysis. These issues are, however, mitigated because
the analysis of salt front position in the CSM is used only in a qualitative way to establish that the water The text will be expanded to indicate the possibility of biofilm development. The section
95 Other N/A between RM 2 and RM 12 is tidally mixed. describing QC will be clarified.
36 Other N/A Figure 14-4i does not include all the high concentrations seen in Figure 14-1, 14-2 and 14-3. Comment noted.
The Primary Erosional Zone Is a hypothetical construct and Is not fixed at any specific
location on the river bed. The associated trajectory forecast predicts the effects of any
remediation scenario which reduces the resuspension term by 33%. Because the
Chapter 20 says that it would be most prudent to isolate the primary erosional zone. This neglects areas [bathymetric change analysis indicates a dynamic system with erosion and deposition
defined by bathymetry to be near neutral with respect to net deposition. There is no reason to neglect interchanging with time, this remedial scenario makes no distinction between erosional
51 Other N/A these areas. and neutral areas.
The remedial scenarios are not sufficiently explained. Need more specifics of the remediation design or
goals. Chapter 20 needs to better reference and be integrated with the sections in Chapter 11 about area |Detailed descriptions of the remediation scenarios and goals are provided in the FFS
53 Other N/A and time dependent estimates of net deposition. main text.
Resuspension of sediments (and contaminants) in certain areas of the LPR is due to highly-variable-in-
time-and-space floods and wind-driven waves and currents. The areas of resuspension are probably We agree with the first statement in this comment. However, we have not found any
mostly near shore in RMO to RM8 and are more widely distributed in RM8 to RM12.6 and possibly above [evidence to support the claim that resuspension is mostly near-shore. The data above
173 Other N/A RM12.6. RM8 are too limited in time to assess differences relative to below RM8.
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