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gram(s) per cubic centimeter

habitat suitability index

Interim Remedial Measure

in situ ultraviolet spectrophotometer

Metropolitan Syracuse Wastewater Treatment Plant
microgram(s) per liter

milligram(s) per kilogram
milligram(s) per liter
milligram(s) per square meter per day

millimeter

Onondaga County Metropolitan Syracuse Wastewater Treatment Plant
Modified Protective Cap

monitored natural recovery

metric ton(s)

North American Vertical Datum of 1988

nanogram(s) per liter

National Oceanic and Atmospheric Administration

New York State Department of Environmental Conservation

New York State Department of Health

Onondaga Lake Monitoring and Maintenance Plan
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Acronym
0&M
PCB
PEC
PRG
QAPP
RA
RAO
ROD
SCA
SMU
SOP
su
SUNA
SUNY ESF
SVOoC
SWQS
TDS
TSS
UFI
USACE
USEPA
VOC
WB 1-8

Definition

operations and monitoring
polychlorinated biphenyls
probable effects concentration
preliminary remediation goal
Quality Assurance Project Plan
Remedial Area

remedial action objective
Record of Decision

Sediment Consolidation Area
Sediment Management Unit
standard operating procedures

Syracuse University

submersible ultraviolet nitrate analyzer

State University of New York College of Environmental Science and Forestry

semi-volatile organic compounds

surface water quality standards
total dissolved solids

total suspended solids

Upstate Freshwater Institute

U.S. Army Corps of Engineers

United States Environmental Protection Agency

volatile organic compound
Wastebeds 1-8
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EXECUTIVE SUMMARY

Honeywell continues progress toward achieving the goals of the Onondaga Lake Record of Decision
(ROD) and the community’s vision for a restored Onondaga Lake with the implementation of the long-
term lake monitoring program. The remediation plan was selected by the New York State Department
of Environmental Conservation (NYSDEC) and the U.S. Environmental Protection Agency (USEPA).
Under NYSDEC oversight, the Honeywell team developed and implemented a remedy design that was
approved by both agencies and continues to demonstrate its effectiveness in meeting the objectives
outlined in the ROD. The remedy included a combination of dredging, capping, and habitat restoration
- standard environmental cleanup methods that addressed the contamination in lake sediments and
water. Lake dredging was completed in November 2014. Approximately 2.2 million cubic yards of
material were removed from the bottom of the lake. Capping was completed in December 2016. More
than 3 million cubic yards of material consisting primarily of sand, activated carbon, and gravel were
used to cap 475 acres of the lake bottom. The cap also provided a new habitat layer. Habitat
restoration, including shoreline wetland restoration and extensive planting of native vegetation, was
completed in late fall 2017.

The Honeywell design team consisted of more than 100 local engineers and scientists working with
nationally recognized experts from various universities, research institutions, and specialty
engineering firms, NYSDEC, and USEPA. Community stakeholders also provided input. Similarly, the
Honeywell team developed the lake monitoring program with input from many of the same team
members, including Parsons, Anchor QEA, Upstate Freshwater Institute (UFl), the State University of
New York College of Environmental Science and Forestry (SUNY ESF), NYSDEC, and USEPA.

The Onondaga Lake Monitoring and Maintenance Plan (OLMMP) (Parsons 2018b) presents the
criteria, monitoring program, and decision-making framework for measuring progress toward, and
attainment of, the remedial goals set forth in the ROD (NYSDEC and USEPA 2005). The monitoring
program enables the team to track progress and ultimately verify remedy effectiveness in achieving
the preliminary remedial goals (PRGs) and thereby the remedial action objectives (RAOs) specified in
the ROD.

This report presents the comprehensive results from the 2021 lake monitoring program. Overall,
results indicate that the remedy is functioning as intended. The monitoring and maintenance program
includes seven separate but related elements. Each of these elements and associated results and
recommendations are summarized below.

As noted in the USEPA’s Second Five-Year Review Report for Onondaga Lake (2020), a “protectiveness
determination of the remedy for the Lake Bottom Subsite cannot be made until additional post-
construction fish tissue data are available to ascertain when the remedial goals identified in the ROD
will be achieved. It is anticipated that at least four additional years of fish data will be needed to
determine when the rates of decline can be estimated with statistical significance. Following the
evaluation of the additional data, a protectiveness determination will be made. In the interim, remedial
operation, maintenance and monitoring activities will continue to be implemented in accordance with
existing plans and requirements. The construction components of the remedy, which includes in-lake
dredging, capping, habitat restoration, capping/closure of the Sediment Consolidation area located
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on Wastebed 13, which contains sediment and debris removed from the lake, have been completed.
Other components of the remedy, including nitrate addition in the hypolimnion and MNR are ongoing.”

Sediment Management Unit 8 (SMU 8) Monitored Natural Recovery (MNR). The primary natural
recovery mechanism in SMU 8 (deep water portions of the lake) is burial of sediment by incoming
cleaner sediments that are continually being deposited from overlying water. MNR is projected to
achieve the ROD-specified sediment remedial goals for the uncapped portions of SMU 8 within
10 years after the remediation of upland sources and littoral sediments and initial thin-layer capping
in portions of SMU 8, that were completed in 2017. The Onondaga Lake 2018 Annual Comprehensive
Monitoring and Maintenance Report documented that MNR was progressing faster than anticipated.
It was recommended that surface sediment sampling for assessing achievement of MNR goals,
including compliance with mercury probable effects concentration (PEC) and bioaccumulation-based
sediment quality value (BSQV) criteria, be performed in 2020. However, this monitoring was postponed
until 2021 due to challenges associated with COVID-19. The 2021 MNR scope consisted of sediment
trap sampling, the first of two sediment compliance sampling events, and the collection of cores from
microbead plots. Results from the 2021 sediment trap monitoring and compliance monitoring events,
as well as an evaluation of the comprehensive dataset, support the conclusion that MNR in SMU 8 is
progressing faster than anticipated and that MNR sediment-based goals may have been achieved.
Therefore, the monitoring scope for 2022 will include both sediment trap monitoring and the second
sediment compliance sampling event. The 2022 sampling will be the second year of the two
compliance sampling events called for in the OLMMP.

Biota Tissue. Fish tissue collection and analysis was conducted in 2021 as per the OLMMP. Results
are generally consistent with or slightly lower than the last year of data collected in 2018. Similar to
results from 2018, the mean and 95% UCL mercury concentrations in Pumpkinseed and Common
Carp in 2021 were below goals. Mercury concentrations in Smallmouth Bass and Walleye remained
above goals. This is expected because these fish are longer-lived, higher trophic level species that take
longer to respond to the effects of the remedy (USEPA 2020). The mean and 95% UCL for PCBs in
Pumpkinseed were below the lowest target, while in Smallmouth Bass, Walleye, and Common Carp,
mean and 95% UCL PCB concentrations were generally between the lower and upper target, except
for the 95% UCL in Walleye, which was slightly above the higher target. The mean and 95% UCL for
dioxin/furans in Smallmouth Bass, Walleye, and Pumpkinseed were all below the lowest target, while
in Common Carp, the mean was below the lowest target and the 95% UCL was slightly above the lowest
target. Mean and 95% UCL contaminant concentrations in prey fish were lower in 2021 than in 2018
or were below goals and targets, with the exception of PCBs in small and large prey fish and mercury
in large prey fish. Elevated PCB concentrations in small prey fish, particularly in SMU 6 are attributed
to ongoing contributions of PCBs from Ley Creek, which enters Onondaga Lake at the north end of
SMU 6. This source is unrelated to Honeywell and will be remediated in the future. Zooplankton tissue
analysis for both total mercury and methylmercury was conducted in 2021 as per the OLMMP. Relative
to pre-nitrate addition values, methylmercury concentrations in zooplankton have remained
consistently low from the first year of nitrate addition through 2021. It is recommended that annual
fish and zooplankton monitoring be completed in 2022 as described in the OLMMP and the 2022
Onondaga Lake Scope Memorandum (Parsons 2021a).

Surface Water. In accordance with the OLMMP, surface water sampling and analysis was completed
in 2017 and 2018 at numerous locations to assess compliance with goals. Surface water criteria for
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mercury, volatile organic compounds, and semi-volatile organic compounds have been achieved for
two consecutive years as criteria were met for two consecutive years. Additional monitoring to evaluate
polychlorinated biphenyl (PCB) concentrations in surface waters of Onondaga Lake and its tributaries
occurred in 2021. In general, in-lake average PCB concentrations were lower than the averages
documented in background tributaries. Additionally, rainwater samples collected and analyzed in
2021 exceeded the lowest PCB criteria by one to two orders of magnitude. As such, the ROD goal to
“achieve surface water quality standards, to the extent practicable” has been achieved as it pertains
to PCBs based on current conditions. Therefore, no further monitoring of PCBs in surface water is
planned. However, additional monitoring may be considered in the future following remediation by
others of Ley Creek, which is an ongoing source of PCBs to Onondaga Lake. Surface water mercury
goals were met during pre- and post-turnover sampling events in 2017 and 2018. However, 2021 pre-
turnover dissolved mercury results exceeded the 0.7 nanogram per liter goal in seven of 12 locations.
It is believed that these exceedances were a result of laboratory contamination. Therefore, it is
recommended that an additional round of pre-turnover in-lake sampling for mercury (total dissolved,
and methyl) be conducted during the summer/early fall of 2022.

Cap Maintenance and Monitoring. Consistent with the scope and schedule detailed in the OLMMP,
comprehensive probing and physical inspection, including shoreline inspection and drone
photography, were completed in 2021. Additional physical monitoring was also conducted in RAs -A, -
C, -D, and -E to further evaluate anomalies identified during the 2019 and 2020 monitoring programs.
Results from 2021 monitoring, as well as the 2020 focused physical monitoring and the 2019
comprehensive physical monitoring, indicate that there has been no significant loss of cap material in
any of the capped areas. Consistent with the OLMMP, the 2022 physical monitoring of the cap will
consist of a comprehensive bathymetric survey of all capped areas and the uncapped areas along the
RE-E CSX shoreline and collection of cores and documentation of cap thicknesses as part of the
chemical monitoring program. Consistent with the monitoring schedule specified in the OLMMP,
chemical monitoring was not completed in 2021. Comprehensive chemical monitoring of the caps will
be implemented in 2022, as specified in the OLMMP.

Habitat Reestablishment and Biological Response. Vegetation and wildlife monitoring conducted in
2021 show that newly restored habitats are providing a diverse, functional habitat for a variety of
species. Restoring diverse, functioning, and sustainable habitats to the remediated areas of Onondaga
Lake was one of the top priorities of the remedial program. Therefore, habitat considerations are a
significant component in the monitoring and maintenance plan for the lake.

The fifth year of monitoring at the Mouth of Ninemile Creek and the fourth year of monitoring for the
Wastebed B/Harbor Brook Outboard Area was conducted in 2021. Monitoring of wetland and adjacent
upland planted vegetation from 2017 through 2021 verified that year five (Mouth of Ninemile Creek)
and interim (Wastebed B/Harbor Brook Outboard Area) goals have been met. Maintenance activities
in the form of supplemental plantings and invasive species control were completed in 2021. Additional
targeted plantings are recommended for 2022 for Wastebed B/Harbor Brook Outboard Area to
continue progress toward meeting the fifth-year vegetation goals specified in the OLMMP.

Habitat monitoring verified the restored areas are attracting robust and diverse wildlife usage. Overall,
approximately 121 wildlife species were observed across all remediation areas in 2021. As expected,
most were found within the restored wetlands. These included 46 species of birds, 23 of
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macroinvertebrates, seven of mammals, and seven of amphibians or reptiles. Common wildlife species
included Great Blue Heron (Ardea herodias), Mallard (Anas platyrhynchos), and Double-crested
Cormorant (Phalacrocorax auritus). Other notable species include Northern Leopard Frog (Lithobates
pipiens), Northern Water Snake (Nerodia sipedon), Pied-billed Grebe (Podilymbus podiceps), Snowy
Owl (Bubo scandiacus), Black-crowned Night Heron (Nycticorax nycticorax) and Bald Eagle (Haliaeetus
leucocephalus).

As detailed in the OLMMP, although there are no goals for the fish community, monitoring is conducted
to document how fish are using the newly restored habitats in the lake. Over 20 years of research by
SUNY ESF has shown that Onondaga Lake is home to a robust and diverse fish community. Data
collected in 2021, by SUNY ESF for Honeywell, shows that this continues to be the case, both within
and outside of remediation areas. Forty fish species were documented in Onondaga Lake in 2021,
including numerous sportfish such as Largemouth Bass and Walleye. The fish community in Onondaga
Lake continues to be composed of mostly warm-water species that are typically found in Central New
York.

Benthic community data was collected for the second time post-remediation in 2021 to document
recolonization of new cap substrate placed during remediation. Since recolonization is occurring as
anticipated and the overarching goal of maintaining or improving the ecological function of the
Onondaga Lake benthic community has been demonstrated, the scope called for in the OLMMP has
been completed, and therefore no further monitoring of benthic macroinvertebrates is recommended
at this time.

Institutional Controls. Institutional controls are actions such as administrative and legal controls that
are implemented to help minimize the potential for human health or ecological exposure to sediment
contamination and ensure the long-term integrity of the remedy. As detailed in the OLMMP,
Institutional controls being implemented at Onondaga Lake include:

= Fish consumption advisories issued by NYSDOH and related public communication activities

= Recreational boating buoys, updated navigational charts, and related public communication
activities to prevent recreational boaters from accidently hitting potential navigational hazards
created by capping and restoration components of the remedy

= Regulatory permitting controls to prevent damage to the cap from activities such as
navigational dredging

The specific institutional controls listed above remain in place. Honeywell is currently working with the
NYSDEC to finalize the Onondaga Lake Site Management Plan, which will provide additional details
regarding institutional controls that will be implemented to prevent actions that may disrupt the cap
or SMU 8 sediment, including environmental easements and environmental notices to ensure the
long-term integrity of the remedy. Additionally, the Draft Onondaga Lake Sediment Consolidation Area
(SCA) Site Management Plan provides additional details regarding institutional controls to prevent
actions that may disrupt the SCA cover and the contained sediments dredged from the lake.

Nitrate Addition. Addition of nitrate in Onondaga Lake during 2021 and prior years successfully met
objectives and resulted in methylmercury concentrations in lake water remaining near background
levels. Methylmercury can be released from Onondaga Lake bottom sediment in the lake’s profundal
zone (called SMU 8) when lower waters are depleted of oxygen and nitrate during summer
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stratification. If methylmercury is released to the water column, it eventually enters the food web where
it can bioaccumulate in lake organisms. Addition of nitrate to the lower waters, during the summer,
limits methylmercury release and thereby limits mercury bioaccumulation in aquatic life in Onondaga
Lake. Monitoring results show that methylmercury was effectively controlled during summer lake
stratification in 2021 through addition of a diluted calcium nitrate solution. Addition of a diluted
calcium nitrate solution will continue to be implemented in 2022 as needed.
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SECTION 1 INTRODUCTION

1.1 Overview

This annual report presents the comprehensive results of the Onondaga Lake remediation monitoring
and maintenance conducted by Honeywell in 2021. The Onondaga Lake Monitoring and Maintenance
Plan (OLMMP) (Parsons 2018b) presents the criteria, monitoring program, and decision-making
framework for measuring progress toward, and attainment of, the remedial goals set forth in the
Record of Decision (ROD) (NYSDEC and USEPA! 2005). The ROD remediation plan selected by the
NYSDEC and USEPA included a combination of dredging and capping - standard environmental
cleanup methods that addressed the contamination in lake sediments and water. Lake dredging was
completed in November 2014, a year ahead of schedule. About 2.2 million cubic yards of material
were removed from the bottom of the lake. Capping was completed in December 2016. More than
3 million cubic yards of material consisting primarily of sand, activated carbon, and gravel were used
to cap 475 acres of the lake bottom, providing a new habitat layer. Habitat restoration was completed
in late fall 2017 and included shoreline wetland restoration and extensive planting of aquatic
vegetation.

As detailed in the OLMMP, the lake monitoring program includes the following seven separate, but
related, elements:

=  Sediment Management Unit 8 (SMU 8) and Monitored Natural Recovery (MNR)
= Biota Tissue

= Surface Water

= Cap Maintenance and Monitoring

= Habitat Reestablishment and Biological Response

= Wastebeds 1-8 (WB 1-8) Shoreline Stabilization and Turbidity Monitoring?2

= Institutional Controls

Monitoring associated with the above activities began in 2017 under the Draft OLMMP, with NYSDEC
approval. In addition, monitoring associated with nitrate addition was conducted in 2021 in
accordance with the operations and monitoring (O&M) plan for nitrate addition (Parsons and Upstate
Freshwater Institute [UFI] 2014b). Additional documentation related to the 2021 monitoring scope
and modifications is included in Appendix 1A. This report presents the comprehensive results from the
2021 monitoring program. Overall, results indicate that the remedy is functioning as intended. It is

1 NYSDEC - New York State Department of Environmental Conservation; USEPA - United States Environmental Protection
Agency

2 The 2017 turbidity monitoring results adjacent to the shoreline of Wastebeds 1-8 verified a reduction in wind-driven turbidity
along the Wastebeds 1-8 shoreline after stabilization was implemented. Therefore, consistent with the OLMMP and as
documented in the 2017 Annual Report, no further routine turbidity monitoring is being performed. Annual physical
inspections of this area will be conducted as part of the long-term cap physical monitoring program. Additional turbidity
monitoring, if required based on the annual visual inspections, would be developed in consultation with NYSDEC and subject
to the agency’s approval.
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recommended that monitoring as per the OLMMP should continue in 2022. Recommendations for any
changes are set forth in the individual sections below.

1.2 Document Organization

As per the OLMMP, annual reporting for the various monitoring components generally consists of
presenting monitoring data and confirming that data are consistent with expectations.
Recommendations are made for future monitoring for each respective component. In addition to the
executive summary and this introduction, the report is organized into the following sections:

Section 2 presents the results of habitat and biological response monitoring,

Section 3 presents results of biota tissue monitoring.

Section 4 presents results of the MNR monitoring.

Section 5 presents the results of nitrate addition and associated monitoring in 2021.

Section 6 presents results cap monitoring activities and the status of institutional controls.
Section 7 presents results of in-lake and tributary surface water monitoring.

Attachment 1 presents the Annual Post Closure Care Summary Report for the Onondaga Lake
Sediment Consolidation Area (SCA)

Appendices associated with each section provide additional information such as detailed field data,
associated data usability summary reports (DUSRs), and other information relevant to the various
monitoring elements.
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SECTION 2 HABITAT REESTABLISHMENT AND
BIOLOGICAL RESPONSE

2.1 Introduction

Habitat-related monitoring was conducted in 2021 to document habitat reestablishment and
biological response within remediated areas and lake-wide reference areas as described in the
OLMMP (Parsons 2018b). Results show that restored habitats are providing a diverse, functional
habitat for a variety of species.

At the Mouth of Ninemile Creek and the Wastebed B/Harbor Brook Outboard Area, vegetation
monitoring included qualitative and quantitative surveys to evaluate vegetative aerial percent cover,
relative percent cover of each species, aerial percent cover of invasive species, and cover type. A
year-five formal wetland delineation was conducted at the Mouth of Ninemile Creek in 2021 as
required by the OLMMP.

Wildlife use was evaluated throughout 2021 during routine site visits and critical time periods, such
as bird migration and amphibian reproduction windows.

Lake-wide aquatic macrophyte (plant) and fish community surveys were also conducted in 2021.
Aquatic macrophyte surveys consisted of qualitative and quantitative surveys to evaluate species
composition and estimated density in both remediated and reference areas of the lake. Gill, trap, and
seine nets were used to conduct monthly fish community surveys from May through October, during
which fish species composition, abundance, and species richness were evaluated. The second benthic
macroinvertebrate survey was conducted in 2021 to document recolonization of the new substrate
placed as part of the remedy, with the initial event completed in 2018.

Monitoring was completed in accordance with OLMMP (Parsons 2018b) and standard operating
procedures (SOPs) detailed in the Quality Assurance Project Plan (QAPP) (Parsons 2020c). Monitoring
results from 2021 are presented in the following sections.

2.2 Planted Vegetation

The Mouth of Ninemile Creek and the Wastebed B/Harbor Brook Outboard Area are monitored planted
areas. The OLMMP specified that vegetation coverage would be compared to the success criteria for
the wetland, upland, and in-lake planting areas following five years of monitoring.

The Mouth of Ninemile Creek was planted in 2016 following completion of capping in this area. 2021
therefore represented the fifth year of the five-year monitoring program in that area. Per the OLMMP,
the fifth-year goals following planting in the Mouth of Ninemile Creek are:

= At least 85 percent vegetation cover on the Mouth of Ninemile Creek spits
= Atleast 75 percent vegetation cover in the Mouth of Ninemile Creek in-lake planted areas
= Percent cover of invasive species is less than or equal to five percent.
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The fifth year of monitoring at the Mouth of Ninemile Creek was completed in 2021, and a separate
evaluation of performance goal achievement is provided as Section 2.2.1, as required by the OLMMP.
In addition, the long-term necessity of the Wastebed B/Harbor Brook Outboard Area berms for
continued protection of the planted wetlands and shoreline is discussed in Section 2.10.

The Wastebed B/Harbor Brook Outboard Area was planted in 2017 following completion of capping in
this area, and 2021 was the fourth year of the five-year monitoring program for that area. The interim
goals for the fourth year following planting in the Wastebed B/Harbor Brook Outboard Area are:

= At least 85 percent vegetation cover in wetland and upland areas
= Management of all invasive wetland plant species 3

= 90 percent of planted large trees present in wetland areas

= 100 percent of planted large trees present in upland areas

Vegetation was monitored in both areas using both qualitative and quantitative evaluation methods
as described in the OLMMP. Periodic site visits were made throughout the growing season to document
vegetation abundance and diversity and to identify any potential issues before they become
significant. Two qualitative reconnaissance surveys were conducted at the Mouth of Ninemile Creek
and the Wastebed B/Harbor Brook Outboard Area, during which a comprehensive list of plant species
present was documented. Control efforts for invasive species were conducted during two separate
events in 2021: one in June and the other in late September through early October.

Consistent with Appendix E of the OLMMP, quantitative vegetation monitoring was conducted at 18
plots on the Mouth of Ninemile Creek spits and 41 plot locations within the Mouth of Ninemile Creek
in-lake planting areas (Appendices 2A and 2B). Quantitative vegetation monitoring was conducted in
mid-August. Each 50-square-foot plot was assessed for cover type, total aerial cover, and relative cover
for each species. A final wetland delineation of the Mouth of Ninemile Creek was performed on
August 31, 2021, as directed by the OLMMP (Appendix 2C). At the Mouth of Ninemile Creek, 172 plant
species were observed during surveys conducted on June 23, from September 14 through 20, and
during periodic site visits conducted throughout the growing season. Native broadleaf cattail (Typha
latifolia), coontail (Ceratophyllum demersum), common waterweed (Elodea canadensis), and sago
pondweed (Stuckenia pectinata) were the most common species documented. Relative percent cover
of the species documented in sampling plots is summarized in Table 2.1, and a photographic log of
the area is provided in Appendix 2A. Vegetation cover types and wetland acreages across the area
were estimated from these data and included extensive areas of emergent wetland and aquatic bed
(Figure 2.1).

The average cover of vegetation at the Mouth of Ninemile Creek spits was 87.2 percent, exceeding
the fifth-year goal of 85 percent. The overall cover of vegetation at the Mouth of Ninemile Creek in-
lake planting areas was 73.5 percent, which is slightly below the goal of 75 percent. In both areas, the
invasive species cover has remained under one percent (Appendix 2B).

Similarly, within the Wastebed B/Harbor Brook Outboard Area, quantitative vegetation monitoring was
conducted at 51 wetland plot locations, seven upland plot locations, and six plot locations located

3 An interim goal of zero percent invasive species aims to manage all invasive species on the site regardless of the percentage
at which they are found. This will provide the maximum chance of successfully achieving the five percent or less goal after
five years.
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within a 25-foot in-lake planted buffer (Appendices 2A and 2B). Plot surveys were conducted in late
September, with the same parameters being assessed in each 50-square-foot plot as were assessed
for the Mouth of Ninemile Creek.

Atotal of 184 plant species were observed during surveys conducted at the Wastebed B/Harbor Brook
Outboard Area on June 16, from September 21 through 29, and during periodic site visits conducted
throughout the growing season. Broadleaf cattail, coontail, and common waterweed were the most
common species. Relative percent cover of the species documented in sampling plots is summarized
in Table 2.2, and a photographic log of the area is provided in Appendix 2A. Vegetation cover types
and wetland acreages across the area were estimated from these data and included extensive areas
of emergent wetland and aquatic bed (Figures 2.2 and 2.3).

The average vegetation coverage in Wastebed B/Harbor Brook Outboard Area upland plots was
100 percent, exceeding the four-year interim goal of 85 percent. The average vegetation coverage in
Wastebed B/Harbor Brook Outboard Area wetland plots was 84.7 percent, essentially equal to the
four-year interim goal of 85 percent. Invasive species cover across the upland area was 1.3 percent
and invasive species cover across the wetland area was only 1.0 percent.

In addition, large tree conditions were surveyed in the Wastebed B/Harbor Brook Outboard Area in
October 2021 (Figures 2B.4 and 2B.5 in Appendix 2B). Of the 103 large trees planted during
restoration, 102 were documented to be alive and in good condition, while one had died and will be
replaced in 2022. Tree condition survey results are summarized in Table 2.3.

2.2.1 Mouth of Ninemile Creek Goal Attainment

Per the OLMMP, the planted wetlands and in-lake planted areas have been monitored annually for five
years, ending in 2021, to evaluate the success of the restoration and verify that success criteria were
met. In addition, as directed by the OLMMP, a wetland delineation was carried out in 2021 per U.S.
Army Corps of Engineers (USACE) (2012) and NYSDEC (NYSDEC 1995) methods to quantify wetland
mitigation acreage. The fifth-year success criteria for vegetated areas differ slightly depending on
whether the area was a planted mitigation wetland (i.e., the spits) or an in-lake plantings area. The
final (fifth year) success criteria for percent cover on the spits is 85 percent or greater, with percent
cover of invasive species not to exceed five percent. The final (fifth year) success criteria for percent
cover within the in-lake planted area is 75 percent or greater, with percent cover of invasive species
not to exceed five percent.

2.2.1.1 Mouth of Ninemile Creek Spits

The Mouth of Ninemile Creek Spits were once dominated by a stand of invasive Phragmites. Now,
because of restoration efforts, a robust assemblage of native plants has become established. This
restored area provides a much improved habitat for a high diversity of wildlife. Data collected in 2021
show that the vegetation cover goals and mitigation acreage goals have been met.

During the five-year monitoring period, vegetation cover rapidly increased from year one (2017) to
year two (2018) and remained generally high through year five (Figure 2.4). A slight decrease in 2019
appears to have been due to high water levels in the early summer of that year. Invasive species cover
was very low throughout the five-year monitoring period, remaining below one-percent (Figure 2.4).
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At the end of the five-year monitoring period in 2021, vegetation cover on the spits averaged
87 percent, exceeding the five-year goal of 85 percent cover. Invasive species cover remained under
1 percent in 2021, meeting the five-year goal of less than 5 percent invasive species cover.

Prior to the remedy, the 1.9 acre spits were delineated as wetland as described in the Habitat Plan
(Parsons and Anchor QEA 2018). These wetlands were mitigated at a 1:1 ratio because they were
restored on site and were designed to provide much improved habitat compared to the Phragmites
dominated wetlands that was present prior to the remedy, As such, a total of 1.9 acres needed to be
restored and delineated as wetland at year-five of monitoring (i.e., 2021). A wetland delineation
completed in 2021 determined that at least 1.9 acres of contiguous wetlands currently exist in the
spits, which meets the mitigation requirement. The complete results of the delineation can be found
in Section 2.2.1.3 and Appendix 2C.

2.2.1.2 Mouth of Ninemile Creek In-Lake Planting Areas

Vegetation cover within the in-lake planting area at the Mouth of Ninemile Creek has varied over the
course of the five-year monitoring program (Figure 2.5). Vegetation increased rapidly from
approximately 55 percent in year one (2017) to approximately 84 percent in year two (2018) and
reached a high of 88.5 percent in year three (2019) (refer to table below). Vegetation cover decreased
in 2020 to approximately 71 percent and rebounded slightly in 2021 to 73.5 percent, which is slightly
less than the overall goal of 75 percent. A closer examination of the vegetation types in the table below
shows that a decrease in submerged aquatic vegetation is the primary factor for the overall decrease
in percent cover in 2020 and 2021 compared to the previous two years. While emergent and floating
aquatic vegetation either increased or remained relatively unchanged in 2020 and 2021, submerged
aquatic vegetation decreased. Based on observations made during lake-wide macrophyte surveys, the
fluctuations in aquatic vegetation cover at the Mouth of Ninemile Creek appear consistent with similar
fluctuations observed in aquatic macrophytes lake-wide, suggesting that natural factors, such as water
levels and turbidity, are potentially controlling this variability. For example, 2021 was the ninth wettest
year on record in Syracuse, with much of that rainfall occurring during the summer. This resulted in
higher than normal lake levels that averaged 0.5 foot above average during the growing season. The
increased precipitation also likely resulted in increased turbidity within the in-lake planting area due
to its location directly in front of the Mouth of Ninemile Creek (the lakes second largest natural
tributary). Once emergent and floating leaved species reach the surface, they are less likely to be
affected by high water and turbidity. This may explain why they have continued to expand slightly as
submerged vegetation decreased.

During the five-year monitoring period, vegetation within the in-lake planting area was continually
assessed to determine if supplemental maintenance plantings were needed and to guide their
installation. The focus of the plantings was mostly on emergent and floating aquatic species. Prior to
installation, water depths were evaluated in targeted areas to ensure water depths were appropriate
for the species being installed. This was because the cap was expected to settle during the first two
years, increasing water depth. These evaluations found that most in-lake plantings areas had settled
by at least one-foot. Areas of established emergent vegetation continued to survive and expand
despite the increased water depths. However, during the first two years of the monitoring and
maintenance program, emergent plantings installed in all but the shallowest areas did not survive
despite installation of species found to be most tolerant of high water in other areas that are part of
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the Onondaga Lake program (e.g., Pickerel Weed, Cattail, Bulrush). Supplemental floating aquatic
plantings installed in the original area designed to protect these species from the wind (Habitat
Modules 4A and 4B in the design) did well overall and resulted in increased cover. Supplemental
floating aquatics were also installed outside this area because of their greater tolerance to deeper
water. However, these did not survive, likely due to exposure to wind generated waves that these
species tend to not tolerate well. The offshore areas, where water depths preclude the establishment
of emergent species and wind/waves preclude the establishment of floating aquatic species, were
rapidly colonized by mostly native submerged aquatic species, likely from both natural populations
and plants installed during the initial restoration activities and subsequent maintenance plantings. In
total, approximately 42,000 supplemental plants (mostly emergent and floating aquatic species) were
added to the in-lake planting areas over the five-year monitoring and maintenance period. Any areas
capable of supporting these species currently have established populations. Water depth and
wind/waves limit other areas to submerged aquatic species whose year-to-year abundance is
controlled by lake dynamics, just as in other areas of the lake. As such, additional plantings will likely
not result long-term changes to the plant community in this area.

The emergent and floating aquatic plant communities are a significant part of the overall plant
community in this area. They have stabilized and are expected to remain at or near current levels. The
abundance of submerged aquatic macrophyte community will likely continue to naturally vary within
the range documented during the monitoring period (~45 percent to 85 percent) based on lake
conditions in any given year. The decrease in submerged aquatic macrophyte coverage towards the
end of the five-year monitoring period is part of the natural variability these communities experience
from year to year and does not detract from the exceptionally diverse and high-quality habitat that has
been created in an area of the lake that was almost completely devoid of vegetation prior to the
remedy. This is demonstrated by the exceptional wildlife community that has been documented using
this area since restoration took place. As such, the overarching goals of maintaining or improving the
size, diversity and ecological function of habitat and discouraging the establishment of invasive
species have been successfully met within the in-lake planting area and monitoring can end.

Average Total Cover of Vegetation Plots

2017 2018 2019 2020 2021

Average Vegetation Plot Cover 54.7% 84.1% 88.5% 70.7% 73.5%
Absolute Cover of Vegetation Types

2017 2018 2019 2020 2021
Floating Aquatic 0.5% 2.0% 8.2% 7.5% 10.4%
Emergent 14.9% 12.8% 20.6% 29.5% 27.5%
Submerged Aquatic Macrophytes 46.5% 83.0% 72.7% 43.1% 47.9%

2.2.1.3 Year Five Wetland Delineation Summary

A formal wetland delineation was conducted in the Mouth of Ninemile Creek in 2021 as called for in
the OLMMP. The full delineation report can be found in Appendix 2C. The delineation documented a
total of 10.31 acres of wetland including the 1.9 acre spits. The delineation also assessed the extent
and community composition of the wetland communities present, including persistent emergent
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wetlands and non-persistent/floating aquatic beds. Common species in the emergent wetland
communities were broadleaf cattail, softstem bulrush (Schoenoplectus tabernaemontani) and bur-
reed (Sparganium spp.). Common species in the non-persistent/aquatic beds were emergent species
such as pickerelweed (Pontederia cordata), floating aquatic species such as white water-lily
(Nymphaea odorata), and submerged aquatic species such as water stargrass (Heteranthera dubia)
and coontail.

2.3 Aquatic Macrophytes

The fifth year of aquatic macrophyte (vegetation) monitoring was conducted in 2021 to document the
natural recolonization by aquatic plants in remediation areas and the coverage within in-lake reference
areas. As detailed below, extensive natural recolonization of capped areas has occurred, mostly by
native species. There are no specific success criteria associated with aquatic vegetation that naturally
recolonizes remediated areas. Instead, monitoring was conducted for a five-year period following
remediation to document the extent and speed of recolonization. A brief discussion of trends observed
during five years of macrophyte monitoring is discussed in Section 2.3.3.

2.3.1 Qualitative Survey

In June and August 2021, qualitative visual surveys of aquatic macrophyte coverage were conducted
from a boat along the entire shallow water shoreline area of Onondaga Lake, including remediated
and non-remediated areas. The spatial coverage of each plant type was estimated, and plants were
identified to as high a taxonomic resolution as possible in the field. Vegetation coverage was assigned
one of four categories: absent (0 percent cover), sparse (1 through 25 percent), moderate (26 through
75 percent), and dense (76 through 100 percent).

Lake-wide, 18 species were observed during the qualitative surveys. The most common species during
the June monitoring event were sago pondweed, starry stonewort (Nitellopsis obtusa), curly pondweed,
(Potamogeton crispus), and coontail. The most common species during the August monitoring event
were starry stonewort, water stargrass, and coontail. Species such as common waterweed, American
eelgrass (Vallisneria americana), and wild rice (Zizania aquatica) were also observed. Although the
size, distribution, and density of beds were variable, most of the lake, including remediation areas,
were characterized by moderate to dense macrophyte coverage (average lake-wide density of 2.23
and 2.49 for June and August surveys, respectively). Data from the qualitative surveys are summarized
in the figures included in Appendix 2D.

2.3.2 Quantitative Survey

A quantitative survey was performed during August in both remediated and non-remediated areas of
the lake in accordance with the SOP. Survey data can be found in Appendix 2D. Throw rake samples
were collected from a boat at predetermined coordinates. A value between 0 and 3 was assigned for
each throw rake, reflecting the categories used for the qualitative survey. Density was determined to
be absent (category 0) through dense (category 3). Density was assigned for each taxon identified on
the throw rake and an average lake-wide density was calculated from O to 3.
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Lake-wide, 15 species were observed during the quantitative survey. The three most common species
were starry stonewort, water stargrass, and coontail (Appendix 2D). Compared to the qualitative
survey, the quantitative survey documented a somewhat lower plant density overall (average lake-wide
density of 1.42). Overall, the density of macrophytes increased in both remediated and unremediated
areas in 2021 compared to 2020. Unremediated areas contained a somewhat higher macrophyte
density than remediated areas, but remediated areas had a lower relative cover of invasive species,
which accounts for most of the difference. In unremediated areas, invasive species accounted for
44.2 percent of macrophyte density, whereas invasive species accounted for only 16.7 percent of
macrophyte density in remediated areas.

2.3.3 Macrophyte Reestablishment

Monitoring of macrophytes to document the natural colonization of the capped area of the littoral zone
by aquatic vegetation species has occurred annually since 2017 per the OLMMP. Remediated areas
have consistently been found to contain a generally moderate density of macrophytes composed of
mostly native species. The number of species observed during qualitative surveys have increased from
11 (2017 and 2018) to 18 (2021). Similar increases in species richness have been observed during
guantitative surveys, increasing from nine (2017) to 17 (2020). Lake-wide macrophyte density
fluctuates annually, but density has been consistently moderate within remediated areas. This is an
ideal condition for many fish species. For example, ideal macrophyte coverage for adult and juvenile
Largemouth Bass ranges from approximately 40 percent to 60 percent (Stuber et al. 1982). In 2021,
the average density for remediated areas was 1.04, whereas average density for unremediated areas
was 1.7. Although higher macrophyte density was observed in unremediated areas in 2021, the
relative cover of invasive species in unremediated areas was approximately 47%, whereas the relative
cover of native species in unremediated areas was only 20%. The increase in invasive species across
unremediated plots explains much of the difference in overall density between remediated and
unremediated areas.

Although fluctuations in density are anticipated, success of vegetation in remediated areas is expected
to continue. As specified in the OLMMP, the need for and/or schedule for continued monitoring of
aquatic vegetation will be evaluated after 2021. Given the rapid recolonization, moderate density, and
low proportion of invasive species in remediated areas, it is recommended that aquatic macrophyte
monitoring be concluded.

2.4 Overall Mitigation Wetland Acreage

As detailed in the OLMMP, wetland acreages are assessed holistically across the Ninemile Creek spits,
Wastebeds 1-8 wetlands, and both the inboard and outboard wetlands in the Wastebed B/ Harbor
Brook Outboard Area to determine if mitigation acreage goals have been attained after formal wetland
delineations have been completed in all areas following their respective five-year monitoring periods.
Table 2.4 summarizes the 2021 estimated current wetland acreage for each area. The estimated
wetland acreage across the restoration areas for 2021 shows that the overall wetland mitigation
acreage goal of 19.5 acres is likely to be met.

P:\Honeywell -SYR\452669 2021 OL PVYM\09 Reports\9.1 2021 Annual Report\Rev 5\R37676 Onondaga Lake_2025 Aug_OMM_2021
Annual Rpt_Draft Final Rpt.docx 2-7



Honeywell 3 PARSONS

The OLMMP also details the assessment of open water requirements within the Wastebed B/Harbor
Brook Outboard Area. Table 2.4 summarizes the 2021 estimated open water acreage for the
Wastebed B/Harbor Brook Outboard Area. The 2021 estimated open water acreage (4.93 acres)
shows that the open water goal of 4.6 acres is being met. The wetland and open water areas will be
reviewed holistically in year five (2022) when a formal delineation will be performed.

2.5 Fish Community

Over 20 years of research by SUNY ESF has shown that Onondaga Lake is home to a robust and diverse
fish community. Data collected in 2021 show that this continues to be the case both within and outside
of remediation areas. As detailed in the OLMMP, although there are no goals for the fish community,
monitoring is conducted to document how fish are using the newly restored habitats in the lake
(Parsons 2018b). Monthly assessments were conducted from May through October 2021 at 12
locations around Onondaga Lake (Figure 2.6). Fish were collected using gill nets, trap nets, and seine
nets. The species were identified and recorded before the fish were released. Additionally, the lengths
of the first 30 individuals of each species were measured at each collection event. The abundance of
additional individuals was also recorded. Fish data are provided in Appendix 2E and discussed below.

2.5.1 Lake-wide Results

Lake-wide fish species richness in 2021 was 40 species. This is equal to the lake-wide average
richness of 40 species observed during the baseline sampling period (2008 through 2011), higher
than the 38 species observed during the construction period (2012 through 2016), and higher than
the 36 species observed in 2020 (Table 2.5). The species richness in remediated areas (36) and
reference areas (38) were comparable to average richness within these areas during the baseline and
construction periods. Fluctuations in annual species richness is expected due to variable catchability
of less abundant species.

Year-to-year fluctuations in the relative abundance of fish are expected due to natural variability in
factors such as year-class strength and catchability. Overall, the lake continues to contain a
predominantly warm water fish community with abundance proportions similar to those of the baseline
sampling period prior to dredging and construction and also similar to warmwater fish communities
typical of this region. The relative abundance of the most common species in 2021 are Banded Killifish
(Fundulus diaphanous) (68.68 percent), Bluegill (Lepomis macrochirus) (7.90 percent), Round Goby
(Neogobius melanostomus) (6.18 percent), Largemouth Bass (Micropterus salmoides) (5.22 percent),
and Alewife (Alosa pseudoharengus) (4.06 percent). The overall relative abundance data for fish
species in the lake can be found in Appendix 2E. Since habitat restoration in nearshore areas was
completed in fall 2017, the first full year fish community monitoring in a fully restored lake was 2018,
making 2021 the fourth year of monitoring. As discussed in the OLMMP, fish community monitoring
should continue for a fifth year in 2022, at which point the results should be reviewed to determine if
monitoring can end.
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2.5.2 Northern Pike Monitoring

The construction of the Wastebed B/Harbor Brook Outboard Area wetlands was completed in 2017.
In 2021, the fourth year of monitoring for fish spawning was conducted in the Wastebed B/Harbor
Brook Outboard Area wetlands in accordance with Section 7 and Appendix E of the OLMMP (Parsons
2018b). These events focused on monitoring for evidence of spawning/reproduction of Northern Pike
(Esox lucius) and/or other wetland spawning species. Early season monitoring efforts were carried out
from March 18 through April 20 during the Northern Pike spawning season to assess whether the area
was being used by spawning adults. Further monitoring efforts occurred from July 21 through August 5
during the months when the young of the year would likely be present and catchable in the wetlands.

The timing of the spawning season monitoring was determined by surface water temperature in the
wetland. Northern Pike generally spawn in temperatures from 40-52°F (Smith 1985), so monitoring
was conducted while the surface water temperatures in the wetlands were within this range. Trap nets
and visual surveys were used during the spawning period in an attempt to document use of the
wetlands. Seventeen trap nets were set for 24-hour periods in the Wastebed B/Harbor Brook Outboard
Area wetlands (Figure 2.7). Monitoring in July through August was focused on capturing the young of
the year. Monitoring was conducted by placing twenty 24-hour minnow traps and making visual
observations (e.g., looking for schools of juveniles, scouting for areas to target trapping) while walking
the shoreline/berms. Seine nets were not used for this monitoring to minimize disturbance of
establishing vegetation that was installed in 2017 or uprooting the new maintenance plantings that
were installed from 2018 through 2021.

No adult or juvenile Northern Pike were observed during the monitoring period. However, 18 other
species were observed during the March through April monitoring event, including wetland spawning
species such as Bluegill, Pumpkinseed (Lepomis gibbosus), Yellow Perch (Perca flavescens), and
Brown Bullhead (Ameiurus nebulosus), as shown in Appendix 2E. This indicates that the newly
established habitat is functional and being used by fish that spawn in wetlands. Five species were
observed during the July through August monitoring event, including Bluegill, Banded Killifish, Brown
Bullhead, and young-of-the-year Largemouth Bass, indicating that newly established habitat is also
providing functional nursery habitat for young-of-the-year fish. Northern Pike are uncommon in
Onondaga Lake, so it was not unexpected that they were not observed during the monitoring period.
It is recommended that monitoring of this area continue in 2022 as described in the OLMMP
(Parsons 2018b). As per the OLMMP, since adult spawning or juvenile Northern Pike have not been
observed following four years of monitoring, the appropriate field data to calculate a habitat suitability
index (HSI) for Northern Pike in the area will be collected in 2022 to evaluate the suitability of the
wetland for Northern Pike spawning. This HSI (Inskip 1982) will assess seven different variables, two
of which account for vegetation requirements of spawning Northern Pike. This will include an
assessment of emergent and submerged aquatic vegetation.

2.6 Wildlife

Wildlife observations were recorded during approximately 35 site visits across Remediation Areas A
through E during 2021. Remediation areas are providing high quality habitat for a diverse community
of wildlife species. Although there are no specific success criteria for wildlife usage in remediated
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areas, monitoring is conducted to document functional wildlife use. Wildlife observations in 2021 were
recorded during routine site visits throughout the year and during the two qualitative surveys described
for vegetation, as indicated in the SOP included in Appendix A of the QAPP (Parsons 2020c). Additional
observations were made during several focused monitoring events conducted during key times of the
year (e.g., spring and fall migrations for waterfowl, spring for amphibians). Because amphibians can
be challenging to observe directly, call surveys were conducted during the breeding period in early May
and mid-June when minimum daily temperatures reached 42°F and 50°F.

The restored areas are attracting diverse wildlife, including large numbers of migrating waterfowl
during spring and fall. Overall, approximately 121 species were observed across all remediation areas
in 2021. As expected, most were found within the restored wetlands. This included 46 bird species,
38 fish species, 23 macroinvertebrate species, seven mammal species, and seven amphibian or
reptile species. Common wildlife species included Great Blue Heron, Mallard, and Double-crested
Cormorant. Other notable species include Northern Leopard Frog, Northern Water Snake, Pied-billed
Grebe, Snowy Owl (Bubo scandiacus), Black-crowned Night Heron (Nycticorax nycticorax), and Bald
Eagle. Wildlife observations are summarized in Appendix 2E.

The Onondaga Lake Remedial Design Elements for Habitat Restoration (Habitat Plan) was created to
establish the design of habitat modules throughout the remediation areas of Onondaga Lake (Parsons
2021b). The Habitat Technical Working Group tailored the restored areas to approximate the
conditions likely to facilitate natural emigration and population development of representative wildlife
species. These ecosystem services were quantified in previous annual reports and suggests that the
preponderance of the desirable species identified to date are related to the implemented habitat
features. The intent of the Habitat Plan was understood to rely on diversification of habitat features as
the mechanism for long-term floral and faunal stability that would provide suitable habitat, not only for
the selected representative species, but also for various other fish and wildlife species whose habitat
requirements are similar to those of the representative species. For instance, the Indiana Bat (Myotis
sodalist) was included as a representative species despite the understanding that there was a very
low likelihood that it would colonize the area. The design was still tailored to satisfy its habitat
requirements in case it, or similar species, did colonize the restored areas. The diverse fish and wildlife
species documented using the restored habitats to date demonstrate the satisfaction of the intended
design. In total, 41 representative wildlife species were listed in the Habitat Plan as indicators of
overall ecosystem health and resilience. In total 121 species, were observed in remediation areas in
2021, of which 26 were species designated in the Habitat Plan as representative species, indicating
that restored areas are performing as designed and supporting a wide range of species, including
numerous representative species. A list of observed representative species is provided in Appendix 2E.

Several specific observations from 2021 that are indicative of successful establishment of appropriate
habitat include:

= Mallard, Golden Shiner (Notemigonus crysoleucas), Smallmouth Bass (Micropterus dolomieu),
Largemouth Bass, Pumpkinseed, and Walleye (Sander vitreus) have been observed in all
remediation areas. Great Blue Heron, Osprey (Pandion haliaetus) (of protected-special
concern), Red-winged Blackbird (Agelaius phoeniceus), Emerald Shiner (Notropis
atherinoides), and Dragonfly (Odonata), have been observed in four of five remediation areas.
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= All nine fish representative species have been documented in multiple Remediation Areas
excepting Brown Trout (Salmo trutta) and Lake Sturgeon (Acipenser fulvescens) which were
only observed in Remediation Areas C and B respectively.

= Observations in Remediation Area A (Modules 4A, 5A, and 6A) contained key representatives
such as Northern Pike, Pumpkinseed adults and juveniles, Golden Shiner, and Northern
Watersnake (Nerodia sipedon) as identified in Appendix D of the Habitat Plan and likely
supported by the addition of habitat structures to Modules 3A and 2A.

= Common Snapping Turtle (Chelydra serpentina), Leopard Frog and Painted Turtle (Chrysemys
picta) were all observed in Remediation Area D demonstrating a strong relationship between
upland (Modules 8A and 8B), persistent emergent and forested wetlands (Module 6A, Module
9B respectively). This strongly suggests the Snapping Turtle, being the most tolerant of
moderate wave energy systems (Module 5B) has utilized terrestrial resources provided along
the lakeshore area.

Since habitat restoration in nearshore areas was completed in the fall of 2017, the first full year of
wildlife monitoring in a fully restored lake was 2018, making 2021 the fourth year of monitoring.
Wildlife should continue for a fifth year in 2022, at which point the results should be reviewed to
determine if monitoring can end.

2.7 Benthic Macroinvertebrate Community Assessment

Although there are no specific numeric goals regarding the benthic macroinvertebrate community, the
overarching goal outlined in the OLMMP is to “maintain or improve the ecological function of Onondaga
Lake”. Benthic community data were collected for the second time post-remediation in 2021 to
document recolonization of new cap substrate placed during remediation. The first such monitoring
event was conducted in 2018. Benthic macroinvertebrates were collected from representative areas
within remediation areas, the CSX shoreline area, and unremediated areas of the lake (Figures 2.8A
through 2.8C) as per the OLMMP. Sampling methods followed NYSDEC sampling procedures (NYSDEC
2021). A petite ponar was used in areas of soft substrate and sediments, while a multiplate was used
in areas of coarse substrate such as gravel. Multiplates were deployed on July 15, 2021. Units were
left in the water for five weeks and collected on August 20, 2021. Ponar samples were collected from
August 11 through 24, 2021. Samples were processed in accordance with NYSDEC procedures and
with the QAPP (Parsons 2020c). Organism identification was conducted by Watershed Assessment
Associates. Benthic macroinvertebrate data are provided in Appendix 2E.

Biological Assessment Profile (BAP) scores were calculated from the benthic macroinvertebrate
community data provided by Watershed Assessment Associates following the NYSDEC SOP for
Biological Monitoring of Surface Waters in New York (NYSDEC 2021). BAP scores are organized into
categories that follow the Watershed Assessment Associates data. Individual benthic
macroinvertebrate community metrics, as specified in the SOP, were calculated and fitted to the
applicable scales described in the SOP for petite ponar and multiplate sampling. Metrics assessed for
multiplates included species richness, species diversity, Hilsenhoff Biotic Index, and EPT Richness.
Metrics assessed for ponars included species richness, species diversity, Hilsenhoff Biotic Index,
Percent Model Affinity, and DOM 3. The metrics were then converted to a common scale from zero to
10, with zero indicating the lack of a benthic community, and 10 being comparable to a
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reference/pristine benthic invertebrate community. The overall score for the samples were then
averaged with their location replicates (as applicable) and presented as an average for each area of
the lake.

The BAP scores were assigned to descriptive categories defined in the SOP, based on categories
established by NYSDEC, to reflect the estimated water quality impact score. Currently, NYSDEC
categorizes water quality into four impact categories based on BAP scores. Descriptions of these
categories based on NYSDEC (2021) and how they are used to reflect overall water quality, are
provided below:

* Severely impacted (0.0-2.5): Indices reflect very poor water quality. The macroinvertebrate
community is limited to a few tolerant species. The dominant species are almost all tolerant,
and are usually midges and worms. Often 1-2 species are very abundant. Water quality is
often limiting to both fish, shellfish, and wildlife propagation and survival.

* Moderately impacted (scores of 2.5-5.0): Indices reflect poor water quality. The
macroinvertebrate community is altered to a large degree from the pristine state. Water
quality often is limiting to fish, shellfish, and wildlife propagation, but usually not to survival.

» Slightly impacted (scores of 5.0-7.5): Indices reflect good water quality. The
macroinvertebrate community is slightly but significantly altered from the pristine state.
Water quality is usually not limiting to fish, shellfish, and wildlife survival, but may be limiting
to fish propagation, especially sensitive coldwater fish taxa.

* Non-impacted (scores of 7.5-10.0): Indices reflect very good water quality. The
macroinvertebrate community is diverse, and virtually unaffected by human disturbance.
Water quality should not be limiting to fish, shellfish, and wildlife propagation or survival. This
level of water quality includes both pristine habitats and those receiving discharges which
minimally alter biota.

BAP scores are a very useful tool for assessing water quality in streams. However, it has been noted
in other water bodies that the NYSDEC Ponar BAP categories do not correctly characterize the levels
of impairment in lake environments (Baldigo et al. 2023). BAP scores are influenced by factors such
as water depth, vegetation, and substrate type. Therefore, standard BAP impact category descriptors
(severely impacted, etc.) do not accurately reflect water quality or cap conditions within the lake.
Nevertheless, the BAP scores provide a useful basis for comparing benthic communities over space
and time within the lake.

Average BAP scores for baseline, 2018 and 2021 are detailed in Table 2.6 and summarized below.

Average BAP Scores

Unremediated
Remediated Area Area
Baseline (Pre-construction) 3.9 4
2018 Ponar 2.6 2.6
2018 Multi-plate 2.3 NA
2021 Ponar 3.4 3.9
2021 Multi-plate 3.8 NA
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Key conclusions from this data include:

e 2021 ponar and multi-plate average BAP scores are higher than the 2018 scores, indicating
continued improvement

e 2021 ponar and multi-plate average BAP scores are slightly lower but similar to baseline and
2021 scores in unremediated areas, falling within the same impairment category (2.5 to 5 -
moderately impacted)

e Results indicate that the benthic community in the remediated areas, as a whole, has
recovered to pre-remediation levels following dredging and capping and the unremediated
areas have remained relatively unchanged.

Additional detailed discussion is provided below.

Average BAP scores from ponar samples in 2021 ranged from 1.9 to 3.8 in the remediated areas and
from 2.2 to 5.3 in the unremediated areas of the lake. Remediated and unremediated areas of the
lake had similar average ponar BAP scores of 3.4 and 3.9. This is an increase in the average BAP score
for these areas from the averages of 2.6 in both remediated and unremediated areas observed in
2018. These observed increases in both areas indicate that remediated areas are continuing to
develop a macroinvertebrate community consistent with other comparable locations in Onondaga
Lake. Multiplates, which were only used in remediation areas to facilitate the sampling of coarser
substrate, had an average score of 3.8, which is very similar to the ponar sample results in the given
areas.

The average BAP scores in 2021 for both the unremediated and remediated areas were slightly lower
than those of the baseline sampling (Parsons, Exponent, and Anchor QEA 2011). The BAP scores
calculated from the 2021 sampling were all within the moderate category, apart from the
unremediated area located closest to the Liverpool marina, which was in the slight impact category.
These categories were consistent with or slightly higher than those observed in 2018.

As documented in the OLMMP, changes have occurred in the substrate and lake bathymetry as a result
of dredging and capping, and sampling locations and methods are different than historical baseline
efforts, making direct point-to-point comparisons between baseline data and post-remediation data
impractical.

The baseline sampling in 2010, which exclusively sampled using ponars, was limited to nine locations.
During this sampling, a total of 14 orders of benthic macroinvertebrates were identified from areas
around the lake representing approximately 66 taxa (genus or species level). In 2021, approximately
86 taxa (genus or species level) were recorded. The benthic community composition in 2010 was
dominated by amphipods, annelids, bivalves, or gastropods. These taxa continue to be a dominant
portion of the community in 2021. Results in 2021, however, also included numerous caddisfly
(Trichoptera) taxa such as Leptocerinae Triaenodes sp., Leptocerinae Oecetis sp., Lepcoterinae
Nectopsyche sp., and Hydroptilinae Oxyethira sp., that are generally considered as more sensitive and
that were largely absent during baseline sampling. These notable taxa were observed in 2021 at both
remediation and unremediated areas, with the exception of Hydroptilinae Oxyethira sp., which was
exclusively present in topsoil in Remediation Area B (OL-BMI-TBO1, OL-BMI-TBO2) and fine gravel
habitat layer in Remediation Area C (OL-BMI-GCO3). Other noteworthy taxa observed in 2021 included
the mayfly (Ephemeroptera) Caenidae Caenis sp, which was present in all areas (remediated and
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unremeidated), with the exception of the CSX area. The caddisfly and mayfly taxa are particularly
noteworthy as they contribute to a community metric known as Ephemeroptera, Plecoptera,
Trichoptera (EPT) Richness. As defined by NYSDEC (NYSDEC 2021), EPT richness denotes the total
number of species of mayflies, stoneflies (Plecoptera), and caddisflies found in a subsample; these
are considered to be mostly clean-water taxa, and their presence is generally considered an indication
of good water quality. EPT richness was not assessed during baseline sampling, as sampling during
that event was limited to ponars that does not assess for EPT Richness when using the NYSDEC BAP
protocols. However, the presence of mayflies and caddisflies in 2021 is a positive indication that the
benthic macroinvertebrate community is becoming more diversified.

In addition to assessing the benthic macroinvertebrate community lake-wide, BAP scores were also
assessed across cap types. Different cap types are found in each remediation area. Some of these
cap types occur in a single remediated area of the lake, while others occur in all remediation areas.
BAP scores by cap type can be found in Tables 2.7a and b.

In general, average BAP scores from capped areas (range of 2.0 to 8.2) were similar to, or higher than,
unremediated areas (range of 2.2 to 5.3) (Table 2.7b). Cap types with the highest average BAP scores
in 2021 were coarse gravel (5.5) and topsoil (5.4). These locations are generally in shallow water,
which may partially explain the above average scores, as diversity of benthic communities tends to be
negatively correlated with water depth (i.e. decreases with water depth), as shown in Figure 2.9. Sand
multilayer (1.5) and sand monolayer (1.8) MPC areas had the lowest average scores. Sand multilayer
(OL-BMI-SB0O1, OL-BMI-SB03) and monolayer locations (OL-BMI-SB02, OL-BMI-SC02, OL-BMI-SD02)
were all located in deeper water areas. Sand multilayer samples were collected at water depths of
6.86 meters (22.5 feet) and 5.97 meters (19.6 feet) and monolayer locations were collected at depths
of 8.56 meters (28.1 feet), 8.1 meters (26.6 feet), and 11.53 meters (37.82 feet), respectively.
Decreased benthic diversity, and associated lower scores, in deeper water are not unexpected,
especially in Onondaga Lake where areas deeper than approximately 6 to 7 meters (20 to 23 feet) are
subject to hypoxic and/or anoxic conditions during most of the summer. Low scores are also evident
in deeper portions of unremediated areas as well. For instance, OL-BMI-RRO2A, OL-BMI-RR02B, and
OL-BMI-RRO2C are sampling locations all found in the North end of the lake in an unremediated area.
These three locations are located in close proximity to each other but in increasing depth intervals, as
shown in Figure 2.8C. OL-BMI-RRO2A, located at a depth of 1.12 meters (3.7 feet) in 2021, resulted
an average BAP score of 6.0, whereas OL-BMI-RRO2C, located at a depth of 9.29 meters (30.5 feet),
resulted in an average BAP score of 1.72, which is very similar to the sand multilayer and monolayer
results of 1.5 and 1.8. This suggests that the 2021 sand multilayer and monolayer results are likely a
function of water depth and will likely not change significantly unless summertime dissolved oxygen
levels improve at these depths.

Compared to 2018, most cap types had BAP scores in 2021 that were consistent with or improved
from the scores observed in 2018, including:

= Coarse gravel (Remedial Area [RA]-E only)

= Fine gravel

= Fine gravel multilayer Modified Protective Caps (MPCs)
= Sand

= Sand mono-layer MPC
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= Topsoil

The only cap type that exhibited a decrease in BAP score since 2018 was in the sand multi-layer MPC.
This cap type is limited to a small area of RA-B, and the average is based on only two sample locations.
As discussed above, these locations (OL-BMI-SBO1 and OL-BMI-SB0O3) were both located in deeper
water areas that are likely impacted by low dissolved oxygen levels in summer. Fluctuations in the
magnitude and duration of anoxia can vary from year to year, especially in the shallowest depths where
anoxia/hypoxia generally occurs (approximately 6 to 7 meters), so it would not be surprising if the
benthic community varies from year to year based on the level of anoxia/hypoxia that occurred at the
sample depths in the months preceding sampling. Additionally, variability from year to year and by
location is not uncommon in benthic community assessments.

Overall, the BAP scores since 2018 indicate that capped areas have continued to be recolonized over
time, as predicted, and are similar to unremediated areas of the lake. Since recolonization is occurring
as anticipated and the overarching goal of maintaining or improving the ecological function of the
Onondaga Lake benthic community has been demonstrated, the goals specified in the OLMMP have
been achieved, and therefore no further monitoring of benthic macroinvertebrates is recommended
at this time.

2.8 CSX Habitat Summary

Monitoring of macrophytes is conducted in the CSX area to evaluate if macrophytes recolonize this
zone, thus providing additional nearshore sediment stability as intended by the CSX Shoreline
Explanation of Significant Differences (NYSDEC and USEPA Region 2 2014). The fifth year of
guantitative macrophyte monitoring in the CSX area was completed in 2021. In 2021, quantitative
macrophyte community data were taken at the same predetermined 18 plot locations in the CSX area
used in prior monitoring events (Appendix 2D). Aquatic macrophyte diversity and density was
determined using the same methods as the quantitative survey for the lake-wide macrophyte survey.
The most common species in 2021 were sago pondweed, coontail, and common waterweed, all of
which are native species.

In 2021, overall species richness in the CSX area was 12, with an average species richness per plot
location of 4.2. Since baseline data were collected in 2016, average plot macrophyte density
increased from 1.2 (sparse) in 2016 to 2.3 (moderate) in 2021. Average macrophyte plot densities
were 2.0 in 2017, 1.8 (2018), 2.3 (2019), and 1.8 (2020). The macrophyte plot density has been
generally stable with moderate density typically being recorded over the monitoring period. Native
species diversity continues to increase, representing suitable habitat for the fish community. As
specified in the OLMMP, the need for continued monitoring of aquatic vegetation, including in the CSX
area, will be evaluated following data collection in 2021. The results to date demonstrate that the
aquatic macrophyte community in the CSX area is higher than baseline and stable, diverse, with
densities sufficient to meet the intent of the Explanation of Significant Differences. As such, routine
annual monitoring is recommended to be discontinued. Given the potential impacts of vegetation on
sediment stability in this area, the need for additional vegetation monitoring will re-assessed based on
the results of the 2024 sediment sampling and bathymetric survey in this area.
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Wild rice seeding occurred within the CSX area in 2019 and 2020 to determine if a self-sustaining
population of this annual species could be established. As recommended in the 2020 Annual Report,
the growth of wild rice was also evaluated in 2021 to ascertain if wild rice seeded in previous years
was persisting. During the August qualitative macrophyte monitoring survey, sparse patches of wild
rice were observed throughout the CSX area. Although populations are sparse, the persistence of wild
rice in 2021 demonstrates independent reproduction after annual seeding ceased in 2020. No
additional wild rice seeding is planned in the CSX area.

The CSX area was included in the 2021 lake-wide benthic macroinvertebrate community sampling
event that was discussed in Section 2.7 above. In the CSX area, the average BAP score was 3.6 in
2021, which equates to the moderate BAP category. This is consistent with the BAP score from 2018
sampling that also averaged 3.6. Benthic macroinvertebrate data were also collected at a single
location within the CSX area as part of baseline sampling in 2010. Interpretation of comparisons to
baseline results is challenging because baseline sampling was conducted at only one location, while
the 2018/2021 sampling was more spatially diverse (three locations). However, the single baseline
result of 4.2 falls within the range of values documented at individual locations in 2018 and 2021
(1.8 to 6.1). The high variability amongst locations may be related to the proximity to the wastewater
treatment plant outfall that discharges to the CSX area. The data collected in 2018 and 2021 show
that the current benthic community is stable and within the range documented during baseline. As
such, additional data collection is not necessary, and ending benthic monitoring in the CSX area is
recommended.

During other sampling events that were performed in the CSX area, such as benthic sampling and
macrophyte monitoring, various fish species were visually observed from shore and the water. These
species generally included Largemouth Bass (both juvenile and adult), Banded Killifish, Round Goby,
Gizzard Shad, and Common Carp. Visual detection of fish was limited by abundant macrophytes in the
photic zone.

2.9 Maintenance and Response Actions

Maintenance and response actions consisted of invasive plant control, supplemental plantings, and
beaver nuisance control. Invasive plant control focused on common reed (Phragmites australis),
purple loosestrife (Lythrum salicaria), and water chestnut (Trapa natans). Supplemental plantings
addressed areas with low percent cover and facilitated achievement of success criteria. To prevent
herbivory of newly planted plugs, enclosures around critical planting areas were installed in May and
removed once plants had established in October. Plantings in 2021 included plugs of primarily
emergent wetland species. At the Mouth of Ninemile Creek, 17,350 plugs were planted on the spits,
shoreline, and in-lake planting areas (Appendix 2B). In the Wastebed B/Harbor Brook Outboard Area,
28,900 plugs were installed. As recommended in the 2020 report, two large trees were replaced in
2021. Signs of beaver damage were noted in the Wastebed B/Harbor Brook Outboard Area in early
December 2021. To prevent further tree damage, response actions included removal of beavers
starting in December 2021 and extending into January 2022. Small woody trees and shrubs will be
installed in 2022 to supplement areas impacted by beavers. Table 2.8 contains a comprehensive list
of the 2021 maintenance tasks.
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2.10 Outboard Area Berm Evaluation

Six berms were constructed of coarse cobble along the widest portions of the Outboard Area to provide
protection to the shoreline wetlands from wind/wave energy, as shown in Figure 2.7. As specified in
the Wastebed B/Harbor Brook Outboard Area Wetland Design Addendum (Parsons and Anchor
QEA 2016), following successful completion of the multi-year wetland monitoring and maintenance
program, a determination will be made in conjunction with NYSDEC regarding whether the wetlands
would be self-sustaining in the absence of the berms. As detailed in Section 2.2, 2021 was the fourth
year of the five-year monitoring period at the Wastebed B/Harbor Brook Outboard Area. Established
wetlands in this area were stable prior to remediation. However, the wetlands present in this area prior
to initiation of remediation and restoration were at elevations that were typically at least 1 foot higher
than the currently restored wetlands and were dominated by the invasive species Phragmites, which
are erosion resistant, but provide very poor habitat value. If it is determined that the berms are no
longer required, they would be cut down to a lower elevation as determined appropriate. The berm
material would be spread into the surrounding area outside the berm alignment.

The wetland and berm design in this area were developed in part based on the results from a 1.6-acre
test planting area that was initiated in the western Outboard Area in 2014. Cap completion, including
topsoil placement, and seeding and planting was completed in the test area consistent with the
original design. As observed in subsequent monitoring, high water levels and shoreline wave energy
resulted in erosion of the topsoil and almost total loss of vegetation in the test area. This area has long
fetch exposure and significant wind/wave action, as follows:

= Wave heights of 1 foot are exceeded frequently in any given year.
=  Wave heights of 1.5 feet occur on average approximately once per year.
=  Wave heights of 2.2 feet occur on average approximately once every five years.

The berm heights were developed to achieve an approximate top elevation of 365 feet North American
Vertical Datum of 1988 (NAVD8S8) following approximately three years of settlement that will result
due to the weight of the berm and underlying cap material. The design for the wetlands were
specifically revised (Parsons and Anchor QEA 2016) based on the protection provided by the berms,
including the following elements:

= Sloped wetland surface elevations range from an elevation of 363.3 feet close to the barrier
wall to an elevation of 361.3 feet on the outer edge in areas protected by the berms, which
represents most of the wetland area. Since the average lake elevation is 362.5 feet, much of
the wetland in this area is in the high-energy breaking wave zone that would occur in the
absence of berms,

= Plateaus are at slightly higher elevations than the original design to provide improved
conditions for establishment of wetland vegetation and reduce erosion potential in areas not
directly behind the berms.

= Erosion resistant armored edges were incorporated along the outer edges of the plateaus and
along the barrier wall in areas not directly behind the berms to reduce erosion potential.

= Hot spot dredge areas not located behind a berm were filled to reduce shoreline slopes and
provide increased cap elevations, thus providing improved conditions for establishment of
wetland vegetation.
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= The wetland plantings were changed to predominantly floating aquatic species in the deeper
areas behind the berms

= The plant selection was modified to favor more robust species such as cattails and cordgrass
that will provide greater resistance to wind/wave energy and to species better able to tolerate
periods of inundations. These include cattail, rushes, and bulrushes (overall species diversity
and total quantity of plants will be increased slightly). Plantings include species that retain
standing structure through the winter to provide appropriate spawning locations for pike

These protective berms have played a pivotal role in the establishment and ongoing protection of the
shoreline wetland communities. As documented in Sections 2.2 and 2.6, the outboard area wetlands
are functioning as intended, providing high quality diverse ecological value. Removal of the berms
would result in significant loss of wetland vegetation and ecological value. In addition to protecting the
wetland shoreline from wave action and ice scour, the berms now contain a thriving wetland
community behind and along their inner edge. Many wildlife species such as Bass (Micropterus sp.),
Mallard, Canada Goose (Branta canadensis), Caspian Tern (Hydroprogne caspia), Marsh Beetle
(Scirtidae Ora), Painted Turtle, Leopard Frog, and Brown snake (Storeria dekayi) have been observed
using the berms for protection, nesting, spawning, and hunting/feeding. Therefore, it was
recommended that the berms remain in place permanently to provide ongoing protection to the
outboard area wetlands. NYSDEC agreed with this recommendation and asked for additional actions
to enhance the berms to provide greater function to wildlife since they will now be considered
permanent. Habitat enhancements, including live stake plantings and placement of finer grade stone
to fill interstitial spaces of cobblestone berms to improve nesting habitat for Common Terns.
Additionally, berm elevations will again be surveyed as part of the 2022 monitoring program. Periodic
inspection of the berms are anticipated to continue in the future, and appropriate actions will be
discussed with NYSDEC if additional settlement occurs and is determined to be of a possible concern.

2.11 Recommendations for 2022

Since year-five results for the Mouth of Ninemile Creek show that habitat restoration has been
successful, monitoring and maintenance should end in that area.

Based on the 2021 habitat monitoring results, monitoring and maintenance should continue as
described in the OLMMP at the Wastebed B/Harbor Brook Outboard Area. Additionally, it is
recommended that the deeper zones of the Wastebed B/Harbor Brook Outboard Area receive
supplemental plantings to help facilitate goal attainment in 2022. One large tree should also be
replaced as discussed in Section 2.2. Planting focus areas for 2022 are shown in Figures 2.10 and
2.11. Additionally small woody trees and shrubs will be installed in the Harbor Brook area in 2022 to
supplement areas impacted by beavers. The Wastebed B/Harbor Brook Outboard Area will be
monitored in spring 2022, and supplemental planting areas will be adjusted as indicated by the
results.

As required by the OLMMP, the appropriate field data to calculate a habitat suitability index for
Northern Pike should be collected in 2022 for the Wastebed B/Harbor Brook Outboard Area and a
habitat suitability index calculated to evaluate the suitability of the area for Northern Pike spawning.
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The fifth year of lake-wide macrophyte surveys monitoring, including the CSX area, showed that a
robust and diverse community of mostly native submerged macrophytes have recolonized remediated
areas of the lake. It is recommended that macrophyte monitoring should end based on the overall
health of the macrophyte community, the widespread coverage that has been consistently observed
since monitoring began, and because there are no success criteria.

As required by the OLMMP, a wetland delineation of the Wastebed B/Harbor Brook Outboard Area will
be performed in 2022,

As described in the OLMMP, benthic macroinvertebrate surveys to document recolonization of the new
substrate placed as part of the remedy have been conducted in 2018 and 2021. Overall, scores were
consistent with or higher in 2021 than those observed in 2018. Since recolonization is successfully
progressing as expected, no further monitoring or response actions are needed.

In addition, it is recommended that fish community and wildlife monitoring continue in 2022.
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SECTION 3 BIOTA TISSUE

3.1 Introduction

Honeywell has monitored chemical concentrations in the tissue of biota in Onondaga Lake annually
since 2008. Tissue monitoring is part of the basis for evaluating the effectiveness of the lake bottom
remedy identified in the ROD. Tissue monitoring provides data to support decisions regarding the
attainment of remedial goals and to assess remedy effectiveness by comparing post-remediation fish
tissue data to the performance criteria, including remedial goals for mercury and target concentrations
for organics, which are discussed in Section 4 of the OLMMP.

This section discusses biota tissue sampling activities and results from the 2021 monitoring period.
Monitoring in 2021 included the following:

= Collection and analysis of sport fish, large prey fish, and small prey fish tissue
= Collection and analysis of zooplankton tissue

The relevant performance criteria are as follows:

= Mercury concentrations in Onondaga Lake sport fish fillet samples that are protective of
human health (0.3 and 0.2 milligrams per kilogram [mg/kg] wet weight)

= Mercury concentrations in Onondaga Lake prey fish whole body samples that are protective of
wildlife (0.14 mg/kg wet weight)

As stated in the ROD (NYSDEC and USEPA 2005), these criteria address the remedial action objective
to be “protective of human health by eliminating or reducing, to the extent practicable, potential risks
to humans.” The ROD states that: “A result of such a reduction could be that humans may consume
fish in accordance with the state’s general advisory for eating sport fish, which states that an individual
eat no more than one meal (one-half pound) per week.” The OLMMP notes, however, that mercury
contamination occurs throughout the state of New York and many health advisories are in place to
due to elevated mercury in some fish species. For example, the 2024 NYSDOH statewide fish advice
(NYSDOH 2024) for the sensitive population (i.e., people who can become pregnant (under age 50)
and children under 15) is to eat no Smallmouth Bass (>15 inches) or Walleye (>19 inches). For the
general population (i.e., everyone else), the statewide fish advice is to eat no more than one meal per
month of these species.

Additionally, organic compounds identified in Table 7 of the ROD (NYSDEC and USEPA 2005) are
considered as points of reference for future evaluations of risk reduction for human and wildlife
consumers of fish in the OLMMP (Parsons 2018). Target concentrations for total polychlorinated
biphenyls (PCBs) in sport fish and prey fish, dioxins/furans in sport fish, and
dichlorodiphenyltrichloroethane (DDT) and metabolites in prey fish were presented in the 2018 Annual
and Comprehensive Monitoring Report (Parsons 2020b). The ROD estimated that concentrations of
contaminants in fish will be reduced within 10 years following completion of remedial activities (i.e.,
by 2026). The Ecological and Human Health Performance Criteria for mercury and the targets for other
analytes are summarized in Table 3.1.
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Sampling in 2021 was conducted in accordance with the Biota Tissue Sampling Work Plan, which was
included in Appendix B of the OLMMP (Parsons 2018b), with the QAPP for Onondaga Lake, Geddes
Brook, Ninemile Creek, and LCP OU-1 Media Monitoring (Parsons 2020c), and with the 2021
Onondaga Lake Scope Memorandum (Parsons 2021a).

The 2021 monitoring results for zooplankton are summarized in Section 3.2.2. Recommendations for
monitoring in 2022 are included in Section 3.3.

3.2 2021 Monitoring Results

3.2.1 Fish

3.2.1.1 Sampling and Analysis Methodology

Sampling for tissue chemical analyses in 2021 was conducted at the same eight locations used from
2008 through 2020 (Figure 3.1). Adult sport fish were collected between April 13 and July 27, 2021;
large prey fish were collected between March 24 and October 5, 2021; and small prey fish were
collected from August 2 through 9, 2021.

Twenty-five individuals were collected for tissue chemical analysis from each of the following four
species of adult sport fish (100 total samples): Walleye, Smallmouth Bass, Pumpkinseed (Lepomis
gibbosus), and Common Carp (Cyprinus Carpio). Samples were collected to target three to four
individual fish of each species at each location, to the extent practicable. Fish were targeted based on
the sizes specified in the OLMMP (Parsons 2018b). Prey fish sampling included collection of both small
and large prey fish. Twenty-four large prey fish were collected in 2021, including 16 White Sucker
(Catostomus commersonii) and eight Shorthead Redhorse (Moxostoma macrolepidotum). As
documented in the approved 2020 Scope Memorandum (Parsons 2020a), 2020 was the first year in
which Shorthead Redhorse, which occupy a similar trophic level as White Sucker, were collected. White
Suckers had been collected in recent years, but their collection presented challenges due to
fluctuations in relative abundance. Small prey fish species were collected based on availability at the
time of sampling and included 20 Banded Killifish composite samples and four Round Goby
composites, for a total of 24 samples, as called for in the OLMMP.

Samples were collected using the methods outlined in the OLMMP, dependent on the target species
and size. Otoliths (small ear bones) from each Smallmouth Bass, Walleye, and Common Carp and
scales from each Pumpkinseed were collected to estimate fish age. Total length (in millimeters [mm])
and mass (to the nearest gram) were recorded for each fish submitted for chemical analysis.
Scatterplots of weight versus length for fish collected in 2021 are provided in Appendix 3B.

Due to fish tissue homogenization issues at Eurofins Lancaster Laboratories in 2019 and 2020,
NYSDEC determined that all of the 2019 and 38% of the 2020 results were not usable (Parsons 2024).
To account for the lack of 2019 data and the incomplete 2020 data set, it was mutually agreed upon
with NYSDEC that 2021 fish be analyzed for all analytes specified in the OLMMP. Specifically, all sport
fish samples were analyzed for mercury, PCBs, hexachlorobenzene, dioxins/furans (12
samples/species), lipids, and percent moisture. All prey fish were analyzed for mercury, PCBs,
hexachlorobenzene, DDT/metabolites, lipids, and moisture.
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Fish collected in 2021, originally planned to be processed and analyzed at Eurofins Lancaster
Laboratories, were transferred to SGS Wilmington and placed on frozen hold. Following the approval
of the 2022 Quality Assurance Plan on September 12, 2023 (Parsons 2023), which includes fish
processing by SGS Wilmington and analysis by SGS Wilmington (dioxins/furans, lipids) and SGS Dayton
(mercury, pesticides, PCBs, moisture), 2021 fish tissue processing and analysis began.

Data validation was conducted in accordance with the Biota Tissue Sampling Plan (Appendix B of the
OLMMP) (Parsons 2018b) and updated QAPP (Parsons 2023). Chemical analytical data generated by
the laboratories were reviewed and validated by Parsons for usability in accordance with data
validation procedures described in the Data Usability Summary Report (DUSR) (Appendix 3A). As
presented in the DUSR, the fish data from 2021 for all analytes were determined to be valid and
usable. For some analytes such as PCBs, there were many samples qualified as “possibly biased low”
due to low recovery in standard (certified) reference materials. In addition, NYSDEC has indicated that
results for PCBs and lipids are potentially biased low based on split samples analyzed at NYSDEC labs.
Therefore, NYSDEC and Honeywell are evaluating potential modifications of extraction/analytical
methods for future sampling. If modifications are determined to be necessary, updates to the QAPP
will be prepared.

3.2.1.2 2021 Results

Chemical concentrations and lipid content in fish are summarized in Table 3.2. Dioxins and furans are
provided as toxicity equivalent quotients (TEQs); calculated TEQ concentrations for each fish sample
are provided in Appendix 3B. Chemical concentrations in fish from 2021 are summarized in Figures
3.3t0 3.8. The long-term temporal distribution of chemical concentrations in fish are shown in Figures
3.9 to 3.36. Figure nomenclature, data treatment, and analyte-specific details are defined in Figure
3.2.

In 2021, mean and 95% UCL mercury concentrations in Common Carp and Pumpkinseed were below
the Human Health Performance Criteria of 0.2 mg/kg and 0.3 mg/kg (Figure 3.3, Table 3.2). Mean
and 95% UCL mercury concentrations in Smallmouth Bass and Walleye remained above the
performance criteria. Smallmouth Bass and Walleye are longer-lived, higher trophic level species that
are expected to take longer to respond to the remedy (USEPA 2020). Mean mercury concentrations
were below the Ecological Performance Criterion of 0.14 mg/kg in both small and large prey fish; the
95% UCL mercury concentration was below the Ecological Performance Criterion in small prey fish but
slightly above in large prey fish (Figure 3.3).

For PCBs, mean and 95% UCL concentrations were below the upper human health target (0.3 mg/kg)
and above the lower target (0.04 mg/kg) in Smallmouth Bass and Common Carp but above both
targets in Walleye (Figure 3.4). For Pumpkinseed, mean and 95% UCL concentrations of PCBs were
below both human health targets. In small prey fish, mean concentrations of PCBs were below the
ecological target of 0.19 mg/kg, with the 95% UCL only slightly above. In large prey fish, both the mean
and 95% UCL PCB concentrations were above the ecological target.

Concentrations of hexachlorobenzene continue to be low and lower than they were when monitoring
began in all species (Figure 3.5). Hexachlorobenzene was not identified as a risk concern in the ROD
so there are no Human Health Performance Criteria or targets for hexachlorobenzene in fish tissue.
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Mean and 95% UCL concentrations of DDT and metabolites were below the respective ecological
targets of 0.049 and 0.14 mg/kg in small prey fish and large prey fish (Figure 3.6). DDT is not analyzed
in sport fish as the ROD did not identify it as posing a human health risk.

For dioxins/furans as total TEQ, mean and 95% UCL concentrations in Pumpkinseed,
Smallmouth Bass, and Walleye were below both human health targets (1.3 and 4.0 ng/kg)
when calculated using both zero and one-half the detection limit for non-detects (Figures 3.7
and 3.8). For Common Carp, the mean concentration and 95% UCL were below the upper
human health target when calculated using both zero and one-half the detection limit for non-
detects. However, although the mean was also below the lowest human health target, the 95%
UCL was slightly above the lowest target when calculated using one-half the detection limit
(Figure 3.8). Dioxin/furans are not analyzed in prey fish because it was not identified in the
ROD as posing a risk to ecological receptors.

3.2.1.3 Comprehensive Monitoring Results (2008 through 2021)

As discussed in the OLMMP, comprehensive reviews of monitoring results are to be provided every five
years to support the USEPA Five-Year Reviews with the intervening years consisting of annual
summaries of that year’s data. The last comprehensive report was in 2018, so the next comprehensive
fish monitoring discussion is scheduled to be in the 2023 Comprehensive Annual Report. However,
due to the homogenization issues in 2019 and 2020 discussed briefly above, that resulted in most of
those data not being usable, this section provides a brief summary of 2021 results in comparison to
the 2008 through 2018 results. A more detailed review and interpretation of trends evaluated over
time is planned for the 2023 Comprehensive Annual Report.

Three years with complete data sets (2017, 2018, and 2021) are available since remediation activities
were completed in 2016. To assess the direction and rate of change in concentrations post-remedy
(i.e., after 2016), additional years of data collection are needed and will be undertaken as defined in
the OLMMP. Therefore, the discussion here focuses on a qualitative comparison of pre-remedy and
post-remedy concentrations and comparisons to performance criteria and targets.

For comparison to mercury performance criteria and organic chemical targets, data are presented as
box and whisker plots which show individual data points, mean, median, 25t percentile (Q1), 75t
percentile (Q3), whiskers as 1.5 times the interquartile range (IQR4), and 95% UCLs (Figures 3.9
through Figure 3.36).

Tables 3.3a and 3.3b summarize the chemical concentrations in fish tissue from 2015 to 2021 for
sport fish fillets and whole body prey fish, respectively. The tables include sample size, the number of
detected concentrations, the mean, and the 95% UCL for each species and contaminant by year. The
means and 95% UCLs were calculated using ProUCL Version 5.2 by the statistical method shown on
the table unless there were three or fewer results with detected concentrations (USEPA, 2015). If three
or fewer results had detected concentrations, then 95% UCLs were not calculated and therefore not
presented in Tables 3.3a and 3.3b or on the figures. However, for the figures, the mean was calculated
arithmetically when one to three results had detected concentrations by substituting one-half the

4 The whiskers are consistent with the approach used in USEPA’s ProUCL version 5.2 (USEPA 2022). The lower whisker
extends to the minimum or smallest value within Q1 minus 1.5 times the IQR, whichever is higher. The upper whisker extends
to the maximum or largest value within Q3 plus 1.5 times the IQR, whichever is lower.
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method detection limit (mercury) or reporting limits (organic analytes) for non-detected concentrations.
In monitoring reports prior to 2018, all means (for tables and figures) were calculated arithmetically.
Use of ProUCL to calculate both 95% UCLs and means (unless three or fewer results had detected
concentrations) provides a consistent statistical method to calculate both metrics for comparison to
performance criteria. ProUCL Version 5.1 was used for 2015 through 2018 data. ProUCL Version 5.2
was used for 2021 data. For 2021 data, ProUCL Version 5.2 suggested the use of the 95% Student’s-
t UCL for datasets that did not follow a discernible distribution when all samples were detected. These
circumstances were reviewed, and the non-parametric 95% Standard Bootstrap UCL was determined
to be a better fit for these datasets. These instances are reflected in Tables 3.3a and 3.3b accordingly.

3.2.1.3.1 Sport Fish Fillet Concentrations

Overall, mean and 95% UCL contaminant concentrations in sport fish fillets were lower in 2021 than
2018 or were below goals, with the exception of mercury in Smallmouth Bass and Walleye. This is
expected because these fish are longer-lived, higher trophic level species that take longer to respond
to the effects of the remedy (USEPA 2020).

Mean and 95% UCL mercury concentrations in all sport fish were lower in 2021 than when Honeywell
baseline monitoring began (i.e., 2008 for all species but Common Carp for which monitoring began in
2014) (Figures 3.9 through 3.12). Mean and 95% UCL mercury concentrations in Smallmouth Bass
and Walleye were generally consistent in 2017, 2018, and 2021, but lower than in 2016 and previous
years (Table 3.3a, Figures 3.9 and 3.10). Mean and 95% UCL mercury concentrations in Smallmouth
Bass and Walleye remain above the Human Health Performance criteria of 0.2 and 0.3 mg/kg. Mean
and 95% UCL mercury concentrations in Pumpkinseed and Common Carp were between the upper
and lower Human Health Performance criteria (i.e., 0.3 and 0.2 mg/kg) in 2016 and 2017, and below
the lowest criterion of 0.2 mg/kg in both 2018 and 2021 (Figures 3.11 and 3.12).

Mean and 95% UCL Total PCB concentrations in sport fish collected in 2021 were less than those
collected when monitoring began (Figures 3.13 through 3.16), and less than any prior post-
remediation concentration. Mean and 95% UCL Total PCB concentrations in Walleye remained slightly
above the human health target of 0.3 mg/kg in 2021 (Figure 3.14). Mean and 95% UCL Total PCB
concentrations Smallmouth Bass and Common Carp were between the upper and lower human health
targets (i.e., 0.3 and 0.04 mg/kg) (Figures 3.13 and 3.15). Mean and 95% UCL Total PCB
concentrations in Pumpkinseed were less than the lowest human health target of 0.04 mg/kg (Figure
3.16).

Mean and 95% UCL dioxin/furan concentrations (evaluated as TEQs using non-detects at one-half the
detection limit) in sport fish collected in 2021 were less than those collected when monitoring began
(Figures 3.17 through 3.20. Mean and 95% UCL concentrations in all sport fish were below the lowest
human health target (1.3 ng/kg), with the exception of the 95% UCL concentration in Common Carp,
which was slightly above the lowest human health target of 1.3 ng/kg (Figure 3.19).

Mean and 95% UCL hexachlorobenzene concentrations in all sport fish collected in 2021 were less
than those collected when monitoring began (Figures 3.25 through 3.28). Concentrations continue to
be low for all species and lower than they were when monitoring began and have had a low frequency
of detections in many samples analyzed since 2017. There are no Human Health Performance Criteria
or targets for hexachlorobenzene in fish tissue.
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3.2.1.3.2 Small and Large Prey Fish Whole Body Concentrations

Mean and 95% UCL contaminant concentrations in prey fish in 2021 were lower than in 2018 or were
below goals, with the exception of PCBs in small and large prey fish and mercury in large prey fish
(Figures 3.29 through 3.36). Elevated PCB concentrations in small prey fish, particularly in SMU 6, are
attributed to ongoing contributions of PCBs from Ley Creek, which enters Onondaga Lake at the north
end of SMU 6. This source is unrelated to Honeywell and will be remediated in the future. As noted in
Section 7.2.2, PCB concentrations in surface water are also elevated in the vicinity of Ley Creek. This
ongoing source likely contributes to PCB accumulation in fish tissue overall.

For small prey fish collected in 2021, mean and 95% UCL mercury and PCBs concentrations were
lower than when monitoring began. Both the mean and 95% UCL concentrations for mercury have
been below the Ecological Performance Criterion of 0.14 mg/kg since 2016 (Figure 3.29). Mean Total
PCB concentrations in small prey fish have been below the ecological target (0.19 mg/kg) since 2012
with the 95% UCL slightly exceeding the target in most years (Figure 3.31). The highest Total PCB
concentrations in small prey fish in 2021 (0.552, 0.648, and 0.802 mg/kg) continue to be observed
at sampling location OL-F-6A, which is located in SMU 6 near the mouth of Ley Creek. The average
concentration at this location (0.667 mg/kg) in 2021 was four times higher than the highest
concentration documented at the other sampling locations in 2021 (0.168 mg.kg) and twenty-one
times higher than the lowest (0.0314 mg/kg).

Mean and 95% UCL concentrations of DDT and metabolites in small prey fish in 2021 remained well
below the ecological target (0.049 mg/kg) and have remained relatively unchanged since collection
began in 2008 (Figure 3.33). This is consistent with Appendix | of the Feasibility Study (Parsons 2004),
which noted that DDT concentrations in fish were unlikely to change because concentrations probably
reflect background concentrations and surface weighted average concentrations in sediment were
lower than nearby Otisco Lake. Similarly, mean and 95% UCL hexachlorobenzene concentrations in
small prey fish (Figure 3.35) show no discernible trends over the collection period. There are no
ecological goals or targets for hexachlorobenzene in fish tissue.

For large prey fish, mean and 95% UCL concentrations of mercury were lower in 2021 than when
monitoring began in 2014 (Figure 3.30). Consistent with 2016 and 2017 results, mean mercury
concentrations were below the Ecological Performance Criterion of 0.14 mg/kg in 2021, with a 95%
UCL concentration slightly above the criterion. Mean and 95% UCL PCB concentrations in large prey
fish in 2021 were similar to those measured in 2014 when Honeywell baseline monitoring began, and
less than concentrations measured during construction years 2015 and 2016 (Figure 3.32). With the
exception of 2018, mean and 95% UCL PCB concentrations in large prey fish have remained above
the ecological target of 0.19 mg/kg.

Mean and 95% UCL concentrations of DDT and metabolites in large prey fish have remained well below
the ecological target (0.14 mg/kg) since monitoring began in 2014 (Figure 3.34). Mean and 95% UCL
hexachlorobenzene concentrations in large prey fish (Figure 3.36) have remained low and show no
discernible trends over the collection period. As mentioned for small prey fish, there are no ecological
goals or targets for hexachlorobenzene in fish tissue.
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3.2.2 Zooplankton

3.2.2.1 Sampling and Analysis Methodology

Zooplankton samples were collected for mercury analysis at South Deep 19 times from May 11 to
November 23, 2021, at a frequency that ranged from weekly to monthly (Figure 3.1). Ten of these
samples could not be analyzed for total mercury due to insufficient zooplankton biomass and were
therefore analyzed only for methylmercury. UFI also attempted to collect samples of large (at least
1 mm long) Daphnia spp. zooplankton. Although Daphnia were observed on several occasions during
summer 2021, the zooplankton community was generally dominated by smaller taxa, including
Bosmina. As in previous years, Daphnia were not present in high enough quantities to isolate a
sufficient number for mercury analysis. Although there are no remedial performance criteria for
zooplankton, analysis of mercury and methylmercury concentrations provides a measure of change in
potential exposure to fish that eat zooplankton and aid in the understanding of mercury cycling.

3.2.2.2 Results

Wet weight concentrations of total mercury and methylmercury in zooplankton samples collected at
the South Deep location in 2021 are presented in Table 3.4 and Figure 3.37. Wet weight total mercury
concentrations measured in zooplankton during 2021 ranged from 0.0132 mg/kg (or parts per
million) on October 5 to 0.133 mg/kg on November 23. Methylmercury concentrations observed in
zooplankton during 2021 ranged from 0.0012 mg/kg on November 10 to 0.0148 mg/kg on
September 21. The highest methylmercury concentrations in zooplankton occurred on September 21
and September 28 (Table 3.4), following an increase in methylmercury concentrations at the 2-meter
depth of the water column on September 14 (Figure 5.12). It is unclear if these methylmercury patterns
in surface water and zooplankton are connected. Elevated methylmercury concentrations have been
observed during the fall in prior years. The average methylmercury concentration for the 2021
monitoring period (0.0067 mg/kg) was within the range of average values reported in the 2011-2020
period (0.002-0.02). The DUSR for zooplankton is included in Appendix 3A.

Contribution of methylmercury to total mercury in 2021 ranged from 2 percent on November 23 to 80
percent on October 5 (Figure 3.37). The instances of higher methylmercury contribution were caused
by relatively low total mercury concentrations rather than high methylmercury concentrations. On
average, methylmercury accounted for approximately 24 percent of the total mercury in zooplankton.
Relative to pre-nitrate addition values, methylmercury concentrations in zooplankton have remained
consistently low from the first year of nitrate addition through 2021.

3.3 Recommendations for 2022

The OLMMP specifies that annual comprehensive fish monitoring will be completed through at least
2020. It is recommended that fish and zooplankton sampling continue in 2022 as specified in the
OLMMP. To account for natural variability, performance criteria will be considered to have been met
after multiple years of data indicate attainment. As noted in the OLMMP, performance criteria should
be met at least three years in a row or four years out of five to verify achievement of goals. As specified
in the OLMMP, “fish monitoring will continue until NYSDEC/USEPA determine that the relevant
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remedial action objectives (RAOs) and preliminary remediation goals (PRGs) in the ROD have been
achieved.”
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SECTION 4 MONITORED NATURAL RECOVERY

4.1 Introduction

MNR is a significant component of the remedy for the sediment in Onondaga Lake’s profundal zone,
which is also referred to as SMU 8. Water depths in SMU 8 are greater than 30 feet, where waters
typically stratify thermally from mid-May through mid-October. Natural recovery occurs gradually as
older sediment is buried by new sediments with lower mercury concentrations that enter the lake
through tributary inflows and direct runoff. Results from monitoring conducted in 2020 and prior years
indicate that natural recovery of SMU 8 sediments is progressing faster than expected based on
projections made in the Final Design (Parsons and Anchor QEA 2012).

Sediment sampling in SMU 8 for mercury analysis has been conducted every three years to monitor
ongoing natural recovery in accordance with the final design for the lake bottom remedy (Parsons and
Anchor QEA 2012). The primary objective of sediment sampling is to provide a basis for determining
achievement of the PRGs set forth in the ROD (NYSDEC and USEPA 2005). This includes achieving a
mercury probable effects concentration (PEC) of 2.2 mg/kg or lower on a point-by-point basis in the
profundal zone and a mercury bioaccumulation-based sediment quality value (BSQV) of 0.8 mg/kg or
lower on an area-wide basis within 10 years following remediation of upland sources, littoral
sediments, and thin-layer capping in portions of the profundal zone. Area-weighted average mercury
concentrations must meet the mercury BSQV of 0.8 mg/kg within each of five subareas of the lake
bottom that together cover the entire surface area of Onondaga Lake. The five lake subareas from
north to south are designated as: North Basin, Ninemile Creek Outlet Area, Saddle, South Basin, and
South Corner (Figure 4.1A and 4.1B ).

Sediment sampling was last conducted in 2017 and was originally scheduled to occur in 2020.
However, due to challenges associated with COVID-19 in 2020, NYSDEC approved the next sediment
sampling event to be completed in 2021. The 2017 progress monitoring results indicated that the
MNR goals were likely met, therefore the 2021 monitoring event was the first of two compliance
monitoring events and included collection of an expanded number of cores from both the profundal
and littoral zones for chemical analysis. Monitoring also included the collection of cores from
microbead plots for visual inspection to assess the depth of mixing of surface sediments and
sedimentation rates.

Monitoring conducted in 2021 included:

= Collection and analysis of littoral and profundal zone surface sediments for total mercury. ,

= Sediment trap sampling and analysis for mercury and suspended solids analysis, and

= Collection and assessment of sediment cores from microbead plots to assess sedimentation
rates and mixing depth.

A detailed discussion of these activities and results from the 2021 sampling is provided below.
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4.2 2021 Monitoring

Results from SMU 8 sediment sampling conducted in 2021 indicate that natural recovery in SMU 8 is
progressing faster than model predictions. The first compliance monitoring event was conducted in
2021, with the second planned for 2022.

Shallow sediment cores were collected at 49 locations from the profundal zone and 14 locations from
the littoral zone (Figure 4.1A and 4.1B). Sampling was conducted from May 17 through May 21, 2021.
Mercury data from the cores are presented in Table 4.1. These data as they relate to compliance with
the PEC and BSQV are discussed below in Section 4.2. The DUSR for these data is presented in
Appendix 4A, which includes chemical data reported by Eurofins TestAmerica which were reviewed
and validated by Parsons for usability in accordance with data validation procedures presented in the
QAPP (Parsons 2020c). Boring logs are presented in Appendix 4B.

Sediment traps are deployed annually to provide supplemental information on the mercury content of
settling sediments and to aid in the assessment of sediment deposition rates. Sediment traps were
deployed at the South Deep sampling location at a water depth of approximately 33 feet (or 10
meters), which is below the thermocline for most of the summer stratification period. Sampling was
conducted from May 7 through November 16, 2021. Deployment periods ranged from 4 to 9 days.
Table 4.2 presents mercury and total suspended solids data from 2021. Appendix 4A contains the
DUSR associated with MNR. Sediment trap samples were collected continuously over the deployment
intervals, and the slurry from the sediment traps was analyzed by Eurofins for low-level total mercury
and by UFI for total suspended solids and total fixed solids. The 2021 sampling and analyses were
conducted in accordance with the MNR Sampling Work Plan included in Appendix A of the OLMMP
(Parsons 2018b) and with the QAPP (Parsons 2020c). There were no deviations from the work plan in
2021. Results from sediment traps are discussed below in Section 4.4.

4.3 Compliance Monitoring Results

As discussed above, the MNR goal is to achieve a mercury PEC of 2.2 mg/kg or lower on a point-by-
point basis in the profundal zone and a mercury BSQV of 0.8 mg/kg or lower on an area-wide basis in
each of the five subareas. The 2021 monitoring results relative to these goals are discussed below. A
discussion of the processes controlling natural recovery, specifically settling sediment rates and
mercury concentrations and sediment mixing depth, is provided in Section 4.4

Mercury PEC Compliance

Mercury concentrations measured in 2021 in surface (O to 4 centimeters [cm]) and subsurface (4 to
10 cm) sediments throughout SMU 8 are listed in Table 4.1. All data are below the mercury PEC of
2.2 mg/kg on a point-by-point basis in the profundal zone for the O to 4 cm sampling interval, which is
the compliance depth for the evaluation of goal attainment in SMU 8 as defined by the OLMMP.
Additionally, no locations exceeded the PEC for the 4 to 10 cm interval, as shown in Table 4.1.
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Mercury BSQV Compliance

Area-weighted average mercury concentrations were calculated for the five subareas of Onondaga
Lake, which include both the profundal and littoral zones, for comparison to the BSQV. Area-weighted
average concentrations in each subarea were calculated using the following datasets:

= 2021 SMU 8 surface sediment samples

= 2021 uncapped littoral zone surface sediment samples

= 2019 cap monitoring data (including both solid phase and porewater converted to solid phase
using equilibrium partitioning) within the O to 15 cm depth interval within the littoral zone (O- to
6-inch samples and 3-to 6-inch samples included) and O- to 4- cm depth intervals for locations
within the profundal zone

= Pre-design investigation and remedial investigation samples collected from littoral zone
surface sediment samples for those locations not resampled in 2021 that are outside of
capped areas

Locations of the samples used and the resulting Thiessen polygons used for calculation of surface
weighted average concentrations (SWACs) in each subarea are shown in Figure 4.2. The Thiessen
polygons presented in Figure 4.2 were developed without consideration of the BSQV zone boundaries.
The mercury SWACs in each BSQV zone were calculated based on the area of each Thissen polygon
that falls within the boundary of the BSQV zone. A subset of littoral zone sample locations that were
used to calculate the SWACs in the Final Design were sampled in 2021 to verify that conditions have
not changed significantly since the locations were previously sampled. A comparison of historical and
2021 data is included in Table 4.3. Except for two locations, concentrations observed in 2021 were
consistent with or lower than previously sampled locations. The two locations where mercury
concentrations were higher in 2021 than in the historical data set were S112 and S373, both of which
are in the North Basin. Measured mercury concentrations at S112 were 1.1 mg/kg in 1992 and 1.9
mg/kgin 2021. Measured mercury concentrations at S373 were 0.56 mg/kg in 2000 and 0.83 mg/kg
in 2021. Measured concentrations at both of these locations are within the range of values observed
in this area during the remedial investigation. Nevertheless, it is recommended that these two littoral
zone locations be resampled in 2022.

The analysis indicates that the sediment mercury SWACs are less than the mercury BSQV of 0.8 mg/kg
in all five subareas of Onondaga Lake. The lowest SWAC was in the Mouth of Ninemile Creek subarea
(0.32 mg/kg), and the highest was in the North Basin (0.66 mg/kg). SWACs for all five subareas are
presented in Table 4.4 and are shown on Figure 4.2. Detailed calculations are presented in
Appendix 4C. Mercury SWACs in 2021 are generally less than expected by this time based on
predictions presented in Appendix N of the Final Design (Parsons and Anchor QEA 2012), confirming
that recovery is occurring at a faster rate than predicted.

4.4 Assessing Processes Controlling Natural Recovery

Natural recovery in SMU 8 sediments is controlled by mixing depth and sedimentation rates (i.e.,
burial), and mercury concentrations on settling sediment particles. Sampling was conducted to
evaluate the mechanisms that control natural recovery, including core collection in microbead plots to
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evaluate mixing and sedimentation rates and sediment traps to evaluate sedimentation rates and
mercury concentrations in settling particles.

In June and July 2009, microbead markers were deposited on top of profundal zone sediments at nine
1,400-square-foot plots located in the deep-water zone of Onondaga Lake to assess sedimentation
rates in SMU 8. Sedimentation rates were estimated from cores collected in the microbead plots by
measuring the thickness of sediment that accumulated on top of the microbead marker. Sediment
cores have been collected periodically (2011, 2014, 2015, 2017 and 2021) since the microbead plots
were placed. The cores were visually inspected for the green microbead marker. Sediment
accumulation on top of the microbead marker was measured to estimate the sedimentation rate using
the following formula:

Where,

S = sedimentation rate (in grams per square centimeter per year [g/cm2/year])
T = thickness of sediment accumulation (cm)

t = time over which accumulation occurred (years)

pb= dry bulk density (in grams per cubic meter [g/cm3])

Sedimentation rates were estimated using the thickness of sediment accumulation since 2009 are
reported in Table 4.5. The thickness of sediment accumulation is based on observation of depth to
microbead markers from the cores collected from the microbead plots (Appendix 4D). The results
indicate that sedimentation rates range from 0.03 to 0.27 g/cm2/year, with an average of
0.17 g/cm?2/year. The sedimentation rate of 0.25 g/cm?2/year used in the final design natural recovery
modeling is within the range measured in 2021.

The cores collected from the microbead plots can also be used to assess mixing depths. The presence
of layers or laminations in the SMU 8 sediment is primary evidence that SMU 8 sediment is relatively
undisturbed and not affected by bioturbation to depths greater than 4 cm or resuspension of lakebed
sediment. Consistent with examinations completed in previous years, visual inspection of the cores
collected in 2021 focused on the upper portion of the core where observations are representative of
more recent lake mixing conditions. Based on the visual observations of laminations from the cores,
mixing depths range from <0.1 cm to 3 cm in 17 of the 18 cores, with one outlier with a mixing depth
of 9.5 cm3. The average mixing depth was 1.67 cm (Appendix 4D). This is less than the mixing depth
(4 cm) assumed in the MNR modeling conducted as part of the Final Design (Parsons and Anchor
QEA 2012).

Sediment traps are another method used to assess sedimentation rates and mercury concentrations
in settling sediments. Depositing sediment collected from sediment traps deployed each year in the

5 The core with a mixing depth of 9.5 cm (OL-MB-80093-A) was collected from the North Basin in 37 feet of water. Mercury
concentrations measured below 4 cm sediment depth (4 - 10 cm) in the North Basin samples were less than the mercury
PEC of 2.2 mg/kg; therefore, if mixing did extend beyond 4 cm in the North Basin, mercury concentrations would not exceed
2.2 mg/kg.
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south basin is analyzed for mercury. These data provide estimates of mercury sediment concentrations
depositing on the lake bottom. Results from sediment trap monitoring conducted in 2021 (Table 4.2)
indicate that sedimentation rates are higher than those assumed during the final design, and mercury
concentrations on depositing particles are lower than the assumed value in the MNR modeling
conducted during the final design, as detailed below. These results support the conclusion that MNR
is occurring faster than predicted. The deposition rate of suspended solids in 2021 ranged from 2,314
to 56,120 mg per square meter per day (mg/m2/day), with an average of 12,988 mg/m2/day., which
is higher than the 6,850 mg/m2/day assumed in the Final Design (Parsons and Anchor QEA 2012).
Mercury concentrations in sediment trap solids collected in 2021 ranged from 0.02 to 0.53 mg/kg,
with a mean of 0.19 mg/kg, which is lower than the mercury concentration of 0.4 mg/kg used in the
natural recovery modeling conducted during the Final Design. From 2011 through the end of
construction in 2016, average mercury concentrations in settling sediment ranged from 0.43 mg/kg
(2016) to 1.1 mg/kg (2012). Average mercury concentrations in settling sediment since the
completion of the remedy have been lower, ranging from 0.18 mg/kg (2018) to 0.28 mg/kg (2020).

4.5 Summary of Results and Recommendations

Based on SMU 8 sediment sampling results from the 2021 compliance monitoring event and an
evaluation of the comprehensive data set, natural recovery of SMU 8 sediments is progressing faster
than anticipated based on projections completed as part of the Final Design, and MNR sediment-
based goals may have already been achieved. Therefore, it is recommended that the next sediment
monitoring event be completed for compliance verification in 2022. This will entail sampling from the
same 49 profundal zone locations completed in 2021, as detailed in the Monitored Natural Recovery
Work Plan in the OLMMP. In addition, the two littoral zone locations where mercury concentrations
were higher in 2021 than in the historical data set (S112 and S373) will be resampled in 2022, both
of which are in the North Basin.

The 2022 sampling will be the second year of two compliance sampling events. SWACs will be
calculated for each of the five BSQV zones based on the 2022 compliance sampling along with the
cap monitoring data collected in 2022. If the 2022 sampling indicates SMU 8 sediments continue to
meet the PEC on a point-by-point basis and the BSQV on a SWAC basis, then remedial goals would be
considered achieved and further sampling for assessment of mercury concentrations in SMU 8 would
not be needed. Additionally, sediment trap monitoring should continue in 2022, as described in the
OLMMP.
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SECTION 5 2021 NITRATE ADDITION

5.1 Introduction

5.1.1 Purpose and Background

Detailed below are the activities and results from the eighth year of full-scale nitrate addition
conducted on behalf of Honeywell. Nitrate is being added to maintain nitrate concentrations in the
hypolimnion of Onondaga Lake sufficient to mitigate the release and/or production of methylmercury
from low levels of mercury in the lake’s profundal zone (i.e., deep water) sediment (Parsons and UFI
2014b). Methylmercury is a substance that bioaccumulates in aquatic organisms and can make fish
unsuitable for human consumption. Methylmercury was not significantly released from underlying
sediment to lower hypolimnion waters during the summer of 2021 when deep lake waters would be
prone to methylmercury release in the absence of nitrate addition. This lack of methylmercury release
from SMU 8 sediment demonstrates that nitrate addition was again effective in 2021 as it has been
since the nitrate addition program began in 2011.

The remedy for the Onondaga Lake bottom is described in the ROD prepared by the NYSDEC and the
USEPA in 2005. In 2014, following completion of the three-year nitrate addition pilot test, NYSDEC and
USEPA issued an Explanation of Significant Differences that specified continuation of nitrate addition
to the hypolimnion of Onondaga Lake as warranted during summer and early fall (NYSDEC and USEPA
2014).

As Onondaga Lake surface water temperatures increase during spring and early summer months, the
water column thermally stratifies so the warmer, less dense waters of the epilimnion overlie the colder,
denser waters of the hypolimnion. The epilimnion and hypolimnion are separated at a water depth of
approximately 30 feet (9 meters) by the thermocline, which greatly limits transport between these
layers. The hypolimnion is subject to depletion of dissolved oxygen followed by depletion of dissolved
nitrate during the stratification period, which typically extends from mid-May through mid-to-late
October. When concentrations of oxygen and nitrate are low, profundal sediments may release
methylmercury to the water column. Methylmercury, if present in the profundal zone of the lake, can
be transported to the upper waters primarily when lake waters mix in the fall at a time known as fall
turnover. During summer periods in years prior to the nitrate addition pilot test, depletion of nitrate in
lower waters resulted in higher methylmercury concentrations in those waters.

During 2007 and 2008, releases of methylmercury to the hypolimnion were found to be substantially
lower than in prior years due primarily to elevated nitrate concentrations in the lake. The increase in
nitrate was a consequence of wastewater treatment upgrades implemented at the Onondaga County
Metropolitan Syracuse Wastewater Treatment Plant (Metro) located along the southern (upstream)
shore of Onondaga Lake. Wastewater treated at Metro is discharged into the nearshore waters of the
lake. In 2004, Onondaga County began operating a biologically-active filter system at Metro that
converts ammonia in wastewater to nitrate. As a result, the available pool of nitrate in the hypolimnion
at the start of summer stratification almost doubled. In 2005, Onondaga County implemented an
advanced phosphorous-removal system that resulted in decreased algal growth in the upper waters
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of the lake and reduced demand for oxygen and nitrate in the hypolimnion. Because of Metro’s
additional wastewater treatment efforts, nitrate persisted in the Onondaga Lake hypolimnion for a
significantly greater time during summer months of 2007 and 2008, which inhibited the release of
methylmercury from SMU 8 sediments (UFl and Syracuse University [SU] 2007; Todorova et al. 2009).
The nitrate addition pilot test was conducted successfully for three years from 2011 through 2013,
and the full-scale nitrate addition was conducted from 2014 to present, which has further inhibited
the release of methylmercury from profundal zone sediments. The full-scale application program in
2021 is summarized below.

5.1.2 Operation and Monitoring

During 2021, as during previous years, liquid calcium nitrate solution was diluted with upper lake
waters and added directly to the lower waters in the profundal zone at three locations in the lake. One
application location was in the northern basin of Onondaga Lake, and the other two were in the
southern basin (Figure 5.1). The three application locations used in 2021 were the same locations at
which nitrate was applied from 2011 through 2020.

In 2021, nitrate was added to the lower, stratified waters of Onondaga Lake in 25 nonconsecutive,
single-day applications from July 20 through October 7 (see Table 5.1). A target one-day dose of liquid
calcium nitrate solutions was applied at one of the three application locations during each application
day.

Monitoring of lake conditions during 2021 provided the basis for assessing lake conditions directly
and indirectly associated with nitrate addition. Three-dimensional monitoring of nitrate concentrations
in the lake’s profundal zone was completed twice per week during the nitrate addition period. Thirty-
four locations were monitored each week, and a subset of 11 of those locations was monitored later
in the week. In addition, surface water samples were collected at the South Deep location (Figure 5.2)
on 24 different dates from May 10 through November 22, 2021, and analyzed for methylmercury and
other parameters to confirm the effectiveness of adding nitrate.

Fall turnover, which marks the end of summer stratification, typically takes place between mid-October
and early November in Onondaga Lake, depending on complex lake mixing and meteorological factors.
In 2021, fall turnover of Onondaga Lake occurred on November 19th. Although temperature
stratification ended on November 6th, salinity stratification persisted until November 19th. A very dry
spring and unusually wet summer caused the bottom waters of the lake to be much more saline and
dense than the upper waters, resulting in a significantly delayed fall turnover.

Nitrate addition O&M was performed in 2021 in accordance with the approved O&M Plan (Parsons
and UFI 2014b).

5.1.3 Reporting

Section 5.2 describes the 2021 field activities and identifies any deviations from the work plan.
Section 5.2 also presents monitoring data and discusses the results. Section 5.3 summarizes results

6 The liquid calcium nitrate used was labeled CN-8 by the supplier, Univar of Bedford, lllinois.
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and provides recommendations for revisions to the monitoring program. Appendix 5A provides 2021
operational information, including application location, target dilution factor, lake water temperature
and specific conductivity data, nitrate and dilution water flow rates, application durations, and the total
amount of nitrate applied during each application. Appendix 5B presents an example of daily
monitoring information provided on the same day field data were collected. Appendix 5C summarizes
nitrate concentrations observed one meter above the lake bottom. Appendix 5D is the DUSR for
relevant laboratory water quality data compiled in 2021. Appendix 5E presents depth profile plots of
dissolved oxygen, nitrate-nitrogen (NOs-N), total mercury, and methylmercury water concentrations.

5.2 Presentation of Monitoring Data and Discussion of Results

5.2.1 Mobilization, Monitoring and Observations

Nitrate is added to maintain summertime nitrate-nitrogen levels in the lower hypolimnion (below the
14 meter water depth) at or above 1.0 milligrams per liter (mg/L), thereby limiting accumulations of
methylmercury in hypolimnion waters. This section describes:

= Natural development of thermal stratification

= |n-lake monitoring program

= Dissolved oxygen and nitrate resources of the hypolimnion

= Effect of nitrate applications on nitrate levels

= Nitrite concentrations in lake water

= Mercury concentrations in lake water

= Other related monitoring from July through October 2021 when nitrate was being applied

The 2021 lake water quality monitoring for mercury at the South Deep location began on May 10 and
continued through November 22 (Table 5.2). Measurements of dissolved oxygen, nitrate and other
water quality parameters in the deep portion of Onondaga Lake prior to the first application provided
the information needed to determine when to start adding nitrate to the lake. Water quality
measurements during the nitrate application period helped to guide how much nitrate to apply at each
location. Water quality monitoring was also conducted on October 11, October 18, October 25,
November 1, November 8, November 15, and November 22, following the last application of nitrate
on October 7, 2021.

The 2021 barge equipment, piping, and instrumentation, onshore support area for storage of nitrate,
and instrumentation on the UFI monitoring boats included the same elements as in previous years
(see Figures 2 through 4 in Parsons and UFI 2014a). Delivery equipment used in 2021 was similar to
that used in previous years and was once again set up to maintain a contained, continuous flow from
the on-barge equipment to the target application depth.

5.2.2 Application Summary

Nitrate additions were completed in 2021 at the three predetermined locations in the lake used since
2011 (Figure 5.1). The three locations where nitrate was applied are referred to as the North Location,
South Location #1 (hereafter called Southl1), and South Location #2 (hereafter called South2). The
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desired minimum concentration of nitrate-nitrogen to be maintained in the lake (1.0 mg/L) was
identified based on frequent water quality monitoring of methylmercury and nitrate in the profundal
zone of Onondaga Lake since 2006 and a historical review of methylmercury releases from Onondaga
Lake profundal zone sediments. These releases were described in the approved O&M Plan for adding
nitrate (Parsons and UFI 2014b).

Thermal stratification became strongly established by mid-May 2021, limiting further significant inputs
of oxygen and nitrate from the epilimnion downward to the hypolimnion (below the 30-foot water depth
in Onondaga Lake). Stratification initiates an annual period of oxygen and nitrate depletion and locks
in place the “ambient” oxygen and nitrate pools or supplies. Therefore, nitrate addition was initiated
on July 20, 2021, before hypolimnetic nitrate-nitrogen concentrations could fall below 1.0 mg/L at the
18 meter water depth and continued until approximately six weeks prior to the fall turnover. The depth
of the thermocline between the epilimnion and hypolimnion was relatively stable through July and
August and then descended through September and more rapidly during October and November until
the water column became effectively mixed in the vertical dimension. In 2021, this occurred on
November 19.

As in prior years, each application of nitrate in 2021 involved moving and anchoring the barge at the
designated application location. A concrete block anchoring system at each application location held
the barge stationary for the duration of an application. Inflow and outflow piping with end-of-pipe
diffusers were positioned within the lake water column at their target depths. The barge pumps
provided water from the epilimnion that was mixed on the barge with full-strength liquid calcium
nitrate. The liquid calcium nitrate has a density of approximately 1.47 times the density of lake water.
The extent of diluting nitrate with water from the epilimnion was guided during each application by in-
lake monitoring. The resulting neutrally buoyant nitrate-water mixture was directed to the lower waters
in the lake hypolimnion via hoses and diffusers.

In 2021, nitrate was applied continuously at one of the three pre-determined locations for
approximately three to eight hours during each application day. The duration of each application
depended on how much nitrate was to be added that day to meet the anticipated nitrate demand in
that portion of the lake and the extent of dilution needed to keep the nitrate near but above the lake
bottom (i.e., increased dilution meant longer pumping times to apply the same volume of nitrate). A
total of 25 applications of nitrate were completed during 2021, including four applications at the North
location, 12 applications at South1, and nine applications at South2. Two of the 25 applications were
partial doses due to unsafe weather conditions or the approach of sunset.

Table 5.1 and Appendix 5A summarize work completed as part of each 2021 nitrate application. In
general, applications were conducted two to three days each week, moving from location to location
as directed by results from in-lake monitoring. The pace of applications during July and August was
slower than normal due to relatively high nitrate concnetrations in the hypolimnion. For the months of
September and October, the pace of appliations was that silimar to previous years. A total of 46.41
metric tons (MT) of nitrate-nitrogen were added to the lower waters of Onondaga Lake during 2021.
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5.2.3 In-Lake Monitoring

Table 5.2 summarizes the in-lake monitoring completed by UFI in 2021, including both field
measurements and sample collection. Figure 5.2 illustrates the 2021 lake monitoring locations. The
primary objective of in-lake monitoring was to observe and characterize the vertical and horizontal
distribution of nitrate in the lake. Using a submersible ultraviolet nitrate analyzer (SUNA) deployed from
a boat, UFI provided near real-time feedback on nitrate conditions. The SUNA was used to take
measurements of water depth, nitrate-nitrogen, sulfide, temperature, specific conductivity, turbidity
and parameters associated with light penetration and primary productivity. Measurements were
collected every 0.25 meter vertically throughout the water column at 34 locations. These data were
downloaded and processed, and a summary of the lake nitrate concentrations was provided the same
day. Each data summary included nitrate-nitrogen profiles at each monitoring location and bubble
plots illustrating nitrate-nitrogen concentrations at particular depths within the hypolimnion. These
included one plot of all measurements taken one meter above the lake bottom across the footprint of
the hypolimnion. The SUNA was also used to identify the effective water depth where the nitrate was
applied. This information was communicated to barge operation in real-time to facilitate adjustments
to the density of the nitrate solution.

The performance of SUNA and an equivalent instrument (in situ ultraviolet spectrophotometer [ISUS])
have been compared with laboratory measurements of nitrate since 2006. Results from 2021
continue to demonstrate that the SUNA nitrate measurements are comparable to laboratory
measurements. The nitrate sensor was checked in distilled water routinely and was recalibrated or
replaced when measurements fell outside acceptable limits (+0.028 mg/L of nitrate).

In addition to monitoring during each nitrate application, surface water samples were collected at
South Deep, which is in the vicinity of the South1 application location, on 24 days from May 10 to
November 22, 2021 (Table 5.2) and analyzed for various water quality parameters including total
mercury and methylmercury. This was consistent with lake water monitoring efforts completed since
2008. Selected surface water samples from the 2-meter and 16-meter water depths were also
analyzed for filtered (i.e., dissolved) total mercury. Surface water samples were collected weekly at
South Deep from June 28 through November 22, 2021. Collected surface water samples were
analyzed for total mercury, methylmercury, and forms of nitrogen (i.e., nitrate, nitrite and ammonia).
Samples collected from July 5 to November 8 in waters at or below 14 meters deep were also analyzed
for soluble reactive phosphorus. Fixed-frequency monitoring focused on sample collection at the South
Deep location because water quality at that location has been determined to be generally
representative of water quality conditions throughout Onondaga Lake.

5.2.4 Dissolved Oxygen and Nitrate Observations

Figures 5.3 and 5.4, respectively, present dissolved oxygen and nitrate-nitrogen concentrations at the
South Deep location for four different water depths from May through November 2021. Figure 5.5
illustrates the depletion of the dissolved oxygen pool during May and June 2021, based on
measurements from the UFI robotic buoy at the South Deep location. Most of the oxygen available in
the hypolimnion during 2021 prior to lake stratification was consumed by early July.
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In 2021, nitrate applications were again successful in keeping the nitrate-nitrogen levels in the
hypolimnion above 1.0 mg/L throughout the summer months in deeper portions of Onondaga Lake
(Figure 5.4). The cumulative mass of nitrate-nitrogen applied in 2021 to the lower hypolimnion was
46.41 MT. The mass of nitrate-nitrogen in the hypolimnion prior to the start of stratification in early
May 2021 was approximately 120 MT, which was higher than prior years due to a dry spring and
Metro’s return to nitrification following plant upgrades in 2018-2019. Treated municipal wastewater
from Metro is the primary input of nitrate-nitrogen to the lake. When the treatment process is
functioning, Metro effluent contains an average of approximately 12.0 mg/L of nitrate nitrogen.

Figure 5.6 presents volume-weighted average nitrate concentrations and mass in the hypolimnion
before, during, and following nitrate addition in 2021. The blue line in Figure 5.6 is the volume-
weighted nitrate concentration in the hypolimnion, while the purple line represents the mass of
nitrogen. The average rate of nitrate addition in 2021 was 0.59 MT of nitrate-nitrogen per day (4.1 MT
per week) throughout the application season. Figure 5.6 also illustrates the hypolimnion’s response
to applications of nitrate, with the rate of nitrate depletion slowing when applications of nitrate were
ongoing. Nitrate applications began on July 20 and continued at a steady pace through August 4.
Applications were suspended from August 11 through August 29 because nitrate concentrations in
the hypolimnion were sufficiently high. During this period, nitrate levels in the hypolimnion were at
historically high levels, with sufficient mass of nitrate present in the hypolimnion present to meet
sediment demands. Monitoring via profiles were conducted in accordance with the O&M Plan and
reviewed in real time to evaluate concentrations present to inform the need for applications. Eighteen
of the 25 applications were performed between late August and early October. Applications were
stopped for the year after October 7 in anticipation of fall turnover. Concentrations of nitrate generally
remained above 1 mg/L until turnover, which occurred on November 19.

Figure 5.7 illustrates apparent 2021 nitrate depletion rates in the Onondaga Lake hypolimnion
represented by measurements made in the South and North Basins prior to the initiation of nitrate
addition on July 20. Nitrate depletion in the South Basin and North Basin, respectively, averaged
0.0058 mg/L and 0.0081 mg/L of nitrate-nitrogen per day. Depletion of nitrate concentrations in the
hypolimnion decreased during September because of increased nitrate applications. Nitrate depletion
rates vary between the South and North Basins from year-to-year.

Table 5.3 presents annual lake conditions and observations for 2011 through 2021 that are important
factors associated with adding nitrate. Spring turnover nitrate is the concentration of nitrate in lake
waters as the waters begin to stratify, which typically takes place during April-May each year. The 2021
spring turnover nitrate concentration was 3.3 mg/L, the highest concentration measured since nitrate
addition began in 2011.

Figure 5.8 presents the spatiotemporal distribution of nitrate concentrations in the hypolimnion at site
12 near South Deep from April through late November 2021. Areas of the lake with water depths
between 14 and 16 meters (46-52 feet) were generally exposed to nitrate-nitrogen concentrations
between 1.0 and 2.0 mg/L for most of the late July to early October period when nitrate was being
applied. Sediments below the 16-meter (52-foot) water depth were generally exposed to nitrate
concentrations greater than 1.5 mg/L during the nitrate application period. Nitrate concentrations
higher than 3 mg/L were measured immediately following nitrate applications.

P:\Honeywell -SYR\452669 2021 OL PVYM\09 Reports\9.1 2021 Annual Report\Rev 5\R37676 Onondaga Lake_2025 Aug_OMM_2021
Annual Rpt_Draft Final Rpt.docx 5-6



Honeywell P PARsONS

Figure 5.9 illustrates the spatial and temporal extent of the measured nitrate-nitrogen concentrations
in 2021 at water depths one meter (3 feet) above profundal zone sediments. Concentrations of nitrate-
nitrogen above the lake bottom generally ranged from 1.5 to 3.0 mg/L throughout the 2021 nitrate
application period, meeting the program goal. A total of 13 nitrate-nitrogen measurements less than
1 mg/L were recorded by SUNA on November 9 and 16. The lowest measured concentration of nitrate-
nitrogen was 0.80 mg/L on November 16 at a water depth of 19.0 meters (measured by SUNA), which
is above the 0.70 mg/L threshold that would trigger supplemental sampling of low-level mercury and
methylmercury.

5.2.5 Dilution and Dispersion of Applied Nitrate

The specific gravity of the liquid calcium nitrate was 1.47 in 2021. Therefore, significant dilution was
required to produce a neutrally-buoyant water-nitrate mixture to take advantage of natural
hydrodynamic forces that spread the nitrate around the lower depths of the lake. Once lake monitoring
efforts identified an appropriate dilution factor for an application of nitrate, the same dilution factor
was used as a starting point for the next application. Further minor adjustments to dilution and pump
rates were made based on real-time lake monitoring to achieve a neutrally buoyant plume at the target
depth. Figure 5.10 illustrates epilimnion (dilution water) and hypolimnion water temperatures and
dilution factors for the 2021 application period.

During summer 2021, dispersion by natural hydrodynamic forces was again enough to distribute
nitrate horizontally across the hypolimnion from the three application locations. Appendix 5B provides
an example of the daily SUNA data reports that UFI produced and issued to verify the application and
distribution of the applied nitrate. Appendix 5C presents bubble plots prepared by UFI illustrating
conditions across the hypolimnion at one meter (3 feet) above the lake bottom. The target nitrate-
nitrogen concentration of 1.0 mg/L continued to be met in lower hypolimnion waters throughout the
2021 season, and minimal concentrations of methylmercury were observed in the lower waters during
the stratified period.

The 2021 applications of nitrate were terminated after October 7 based on an assessment of the size
of the remaining nitrate pool in the hypolimnion and anticipated uptake of nitrate in lower waters of
the lake through an estimated late turnover timeframe of early November. Approximately 70 MT of
nitrate-nitrogen was present in the lake’s hypolimnion on October 11, 2021 (Figure 5.6).

5.2.6 Significance of 2021 Nitrite Water Concentrations

Nitrite-nitrogen (NO2-N) concentrations measured in Onondaga Lake from 2006 through 2021 have
been compared to the New York State surface water quality standards (SWQS) established to protect
warm water fish from effects of nitrite (Figure 5.11). The SWQS for nitrite (100 micrograms per liter
[ug/L] as nitrogen) was not exceeded at any sampled depth during 2021. Exceedances of the SWQS
for nitrite have occurred historically in the lower waters of the lake during early summer. However, low
dissolved oxygen concentrations in the lower waters limit the exposure of fish to elevated nitrate
concentrations. Elevated nitrite concentrations during these periods were caused by incomplete
nitrification of ammonia. Nitrate added to the hypolimnion is denitrified to dinitrogen gas (N2). 2021
sampling results are included in the DUSR in Appendix 5D.
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5.2.7 2021 Lake Water Mercury Concentrations

Table 5.4 summarizes total mercury and methylmercury concentrations in water samples collected in
2021 near the lake bottom at South Deep. Methylmercury was not significantly released from
underlying sediment to lower hypolimnion waters during the summer of 2021 when deep lake waters
would be prone to methylmercury release in the absence of nitrate addition. This lack of methylmercury
release from SMU 8 sediment demonstrates that nitrate addition was again effective in 2021 as it has
been since the nitrate addition program began in 2011. From the beginning of the 2021 nitrate
applications on July 20 through turnover of the lake on November 19, the maximum concentration of
methylmercury observed in the lower waters of the lake was 0.111 nanogram per liter (ng/L) (where
1 ng/L is 0.000001 mg/L) at the 18-meter water depth on August 9 (Figures 5.12 and 5.13).
Figure 5.13 presents methylmercury and unfiltered total mercury results measured at South Deep over
time at water depths of 2 meters (epilimnion), 12 meters (near the top of the hypolimnion), 16 meters
(mid-to-lower hypolimnion), and 18 meters (bottom of the hypolimnion). Figure 5.13 shows that the
highest total mercury concentration (3.08 ng/L) was measured in the sample collected from the
12-meter water depth on June 29. In contrast to past years, total mercury concentrations were not
elevated late in the 2021 season (e.g., peaks of 11.4 ng/L in 2014, 5.9 ng/L in 2015, 5.09 ng/L in
2016, 3.34 ng/L in 2017, 3.58 in 2018, 5.11 in 2019, and 10.8 ng/L in 2020). Higher mercury
concentrations during fall may be caused by wind driven resuspension of mercury contaminated
sediments. Methylmercury concentrations remained low in 2021.

Concentrations of methylmercury at the 18-meter water depth at South Deep for the April-November
period from 2007 through 2021 are presented in Figure 5.14. Methylmercury concentrations were
considerably lower in the lake’s hypolimnion from 2011 through 2021 compared to prior years
(Figures 5.14a and 5.15). Note that a single high concentration from September 2020 is a
conspicuous outlier. Low methylmercury concentrations in Onondaga Lake since 2011 are consistent
with the higher nitrate concentrations (because of nitrate additions) compared to prior years.
Methylmercury concentrations in Onondaga Lake hypolimnion water have declined dramatically aided
by the addition of nitrate. With the noted single exception, methylmercury in the lower hypolimnion has
been barely detectable since 2011 when nitrate additions began.

Table 5.5 summarizes dissolved mercury concentrations in water samples collected in 2021 at the
2-meter water depth at South Deep. Dissolved mercury results for samples collected on July 13 and
September 8 were rejected due to mercury contamination within the analytical laboratory. Of the 14
reportable dissolved mercury results for water samples collected at this depth in 2021, 13 are
considered estimated concentrations and two exceeded the New York State SWQS for dissolved
mercury (0.7 ng/L). One of the six results from the water samples collected during August, September,
and October at the 16-meter depth in the lake’s hypolimnion exceeded the New York State SWQS for
dissolved mercury. The sample collected on October 5 from the 16-meter depth had a dissolved
mercury concentration of 0.84 ng/L. The highest dissolved mercury concentration measured in 2021
was 2.15 ng/L from a sample collected on June 29 at the 2-meter water depth. The relative percent
difference between regular samples and field duplicates varied from 7 percent to 72 percent and
averaged 35 percent.
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5.2.8 Other Related 2021 Lake Monitoring

Additional monitoring completed in 2021 included laboratory analyses for soluble reactive phosphorus
in deep waters that are anoxic during the summer period. An additional benefit to maintaining nitrate
levels in the hypolimnion during periods of anoxia is that release of phosphorus from deep lake
sediments has been reduced (Figure 5.16). The presence of nitrate in waters near the lake bottom
prevents the reduction of iron oxyhydroxides that is typical in anaerobic surface sediments. This, in
turn, reduces the release of phosphorus bound to those compounds. The same mechanism preventing
release of phosphorus from anaerobic lake sediment is thought to control the release of
methylmercury from sediments (Matthews et al. 2013).

All ammonia-nitrogen concentrations measured in 2021 were below the New York State SWQS. The
NYSDEC aquatic-protection based surface water standard for total ammonia is pH and temperature
dependent; for a typical pH of 7.5, the standard for Classes B/C waters ranges from 1.5 mg/L at 25°C
to 2.2 mg/L at 10°C. Five samples in 2021, all collected from the 18-meter water depth, had
concentrations greater than 1 mg/L. The highest ammonia-nitrate concentration measured in 2021
was 1.26 mg/L.

The full data set for total mercury and methylmercury analysis in zooplankton, which are collected as
part of the tissue monitoring program to assess ongoing recovery, is presented in Section 3.

5.3 Summary of 2021 Nitrate Addition Results and
Recommendations

5.3.1 2021 Results Summary

Results from the eighth year of full-scale nitrate addition (2021) showed successful delivery of
sufficient quantities of nitrate to the lower hypolimnion of Onondaga Lake during summer stratification
to meet the objective and thereby minimize methylmercury concentrations in deep waters of the lake.
Nitrate-nitrogen concentrations were maintained at levels sufficient to inhibit the release of
methylmercury from profundal zone sediments. Methylmercury release into the water column from
profundal zone sediment continues to be effectively controlled. Two of the 14 dissolved mercury
results for water samples collected at the 2-meter water depth in 2021 exceeded the New York State
SWQS for dissolved mercury (0.7 ng/L). The cause of these exceedances is not known. Note that
nitrate addition is intended to control methylmercury concentrations in the hypolimnion but not
dissolved mercury concentrations in the epilimnion.

A total of 46.41 MT of nitrate-nitrogen were added to the hypolimnion of Onondaga Lake between
July 20 and October 7, 2021. Sediment nitrate demand in the summer of 2021 was approximately
0.6 MT per day, somewhat lower than the nitrate demand of 0.8 MT per day included in the earlier
nitrate addition design report on which applications of nitrate, which began in 2011, were based.
During the 79 day nitrate application interval, which included an 18 day suspension in August, the
pace of applications averaged 2.2 per week.
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5.3.2 Recommendations and 2022 Nitrate Addition

Part of the ongoing assessment of the nitrate addition program is to make it more effective and
efficient. With this aim, a fixed application station was piloted at the Southl application station in
2018. The pilot station successfully delivered nitrate to the deep-water areas in the vicinity of the Lake.
In 2019, fixed application stations were added at the South2 and North locations. It is recommended
that this method be used in 2022. The traditional application method (through 2018) uses a manifold
of flexible hosing that is assembled and disassembled daily. This application method will be
maintained as a backup.

Upgrades to Metro were completed in 2019, and nitrification of ammonia in wastewater was online
for the 2021 season and is expected to continue to be operational moving forward into 2022.
Additionally, the spring of 2021 was unusually dry, which resulted in less dilution of Metro’s effluent
and higher nitrate concentrations in the lake. While variation in spring runoff and unforeseen
circumstances will still play a role, spring conditions in 2021 were more like those seen from 2011
through 2017, and nitrate addition was not necessary as early or often as in 2018 and 2019. It is
expected that rainfall conditions in 2022 will not be as favorable as conditions seen in 2021, resulting
in the need for more nitrate applications than were called for in 2021. Monitoring in 2022 should
commence as usual in April and May to inform the start of injections. The goal of nitrate additions in
2022 will continue to be to maintain nitrate above 1.0 mg/L in the lower hypolimnion.
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SECTION 6 CAP MONITORING

Cap physical monitoring was conducted in 2021 to verify that the cap remains protective. Provided
below are the detailed activities and results from the 2021 physical monitoring.

Consistent with the monitoring schedule specified in the OLMMP, chemical monitoring was not
completed in 2021. Comprehensive chemical monitoring of the cap will be implemented in 2022, as
specified in the OLMMP and as detailed below.

6.1 Physical Monitoring

Consistent with the scope and schedule detailed in the OLMMP, comprehensive probing and physical
inspection, including shoreline inspection and drone photography, were completed in 2021. Additional
physical monitoring was also conducted in RAs -A, -C, -D, and -E to further evaluate anomalies identified
during the 2019 and 2020 monitoring programs. Results from 2021 monitoring, as well as the 2020
focused physical monitoring and the 2019 comprehensive physical monitoring indicate that there has
been no significant loss of cap material in any of the capped areas.

Results of the routine physical monitoring activities are discussed in detail in Sections 6.1.2 through
6.1.4. Figures 6.1 through 6.5 show the physical probing locations completed in 2021, including
additional activities beyond those specified in the OLMMP as discussed below in Section 6.1.1.

The monitoring program also includes event-based monitoring if any of three extreme events occur:

= A 50-year or greater wind-generated wave event
= A b50-year or greater tributary flow event
= Aseismic event measuring 5.5 or higher within 30 miles of Onondaga Lake

As detailed in Appendix 6A, none of these conditions have been exceeded since cap construction was
completed. The Honeywell team is also not aware of any human activities during the reporting period
that may have impacted the cap and/or other components of the remedy. Therefore, no event-based
cap monitoring has been required.

6.1.1 Modifications from Planned Work Scope

Modifications to the OLMMP physical monitoring work scope are documented in the 2021 Scope
Memorandum included in Appendix 1A. These modifications were added to clarify conditions observed
during the 2019 and 2020 monitoring, and included the following:

= Completion of supplemental coring in RA-A as shown on Figure 6.6, where bathymetric survey
results showed a significant decrease in cap elevation from 2018 to 2019, as shown in
Figure 6.10.

= Completion of supplemental coring in RA-C as shown in Figure 6.7, where bathymetric survey
results showed a significant decrease in cap elevation from 2019 to 2020, as shown in
Figure 6.11.
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= Completion of a supplemental probing transect in RA-C as shown in Figure 6.3, in the area
where additional cap material was placed in 2019 to confirm the physical stability of this area.

= Completion of supplemental coring in RA-D as shown in Figure 6.8, where core thickness
measurements were less than the target thicknesses specified in the OLMMP during the 2019
monitoring event, or where bathymetric survey results showed a significant decrease in cap
elevation from post-construction to 2019 or 2020, as shown in Figures 6.12 and 6.13.

= Completion of supplemental coring and video probing in RA-E as shown in Figure 6.9, where
thicknesses were less than the target thickness as per the OLMMP during the 2019 monitoring
event.

The 2021 Scope Memorandum also specified completion of elevation measurements of the small
area of additional cap material placement along the RA-D shoreline completed in 2019 for comparison
to the elevations measured shortly after additional material placement. This was not completed in
2021 but will be completed in 2022.

6.1.2 Shoreline Inspection Result

Inspections were performed in 2021 by boat, by foot from the shoreline, and using an aerial drone
(also referred to as a small unmanned aerial system) to document the integrity of the shoreline areas
where remedial activities were implemented. Inspections were completed when water levels were at
elevation 363.5 feet or less (NAVD88). The areas inspected included shoreline capping areas in RAs -
A, -B, -C, -D, and -E; the Outboard Area (including the berms); the WB 18 connected wetland (including
the berms); the Ninemile Creek spits; the WB 1-8 shoreline stabilization area; and the capped cultural
resources located in the shallow areas of RA-E. Areas that could not be adequately inspected from the
shoreline were inspected from a boat. Photographs taken in 2021 were limited to
identification/photograph documentation of any noted anomalies, consistent with the OLMMP and
with NYSDEC concurrence.

At the time of the 2021 comprehensive shoreline inspection, no signs of significant erosion or other
potential significant issues were noted. However, there were small areas where minor disturbances
were noted, as listed below:

= RA-D Shoreline, east of the crane pad area: As noted in the 2019 Annual Monitoring and
Maintenance report, additional cap material was placed in this area in 2019. During the 2020
inspection, erosion of the upper layer of fine gravel that was placed was observed. Erosion was
also noted during the 2021 inspection. However, the coarser underlying gravel appears to
remain intact. The erosion of finer-grained material was expected and does not impact the
overall effectiveness of the cap.

= RA-D Outboard West: Potential topsoil erosion was observed along a small portion of this area
(approximately 50 square feet), between Berms B and C, which was first noted during the 2019
shoreline inspection and was also noted during the 2020 shoreline inspection. There are
portions of this area that are not protected by the berms, so some loss of topsoil is expected
and does not impact the overall effectiveness of the cap. No probing was done in this area,
and the cap surface was below the water surface preventing visual inspection of the cap
surface. However, the cobble protective edge on the lake side of this area was intact, indicating
the underlying coarse gravel erosion protection layer was not impacted.
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Ground-level and aerial photographs from 2021 are included in electronic format in Appendices 6B
and 6C, respectively.

6.1.3 Physical Probing Results

Consistent with the OLMMP, coarse gravel- or gravelly cobble-sized armor stone are too coarse to core
through. Therefore, bathymetric surveys in conjunction with cap probing is used to verify the presence
of these materials. Cap probing was implemented in 2021 consistent with the OLMMP, as well as
along an additional supplemental probing transect in RA-C. This supplemental probing was performed
to confirm the presence of coarse materials and stability of the cap in the areas where additional cap
material was placed in 2019.

Probing was conducted along the transects shown in Figures 6.1 through 6.5 by manually tapping the
cap at 25-foot intervals with a steel plate attached to rods. If an anomaly such as soft material was
encountered along the transect, the location was flagged via Global Positioning System for additional
review. Due to the nature of the steel plate used and the depth of water along the transects, probing
can only determine the presence of soft material, and is not useful for an accurate measurement of
the thickness of the layer of material or whether gravel is present underneath. In probing areas where
the water depth, water clarity, and/or vegetation cover did not interfere, the presence of the coarse
substrate was also verified to the extent possible based on visual observations from the water surface.
Probing and visual inspection were also conducted directly adjacent to shoreline tributaries and
outfalls to verify the cap remains physically stable at these locations.

The presence of coarse substrate was consistently verified along the probing transects completed in
2021 in areas with fine gravel, coarse gravel, and cobble habitat/erosion protection layers, with one
exception. Some soft material was periodically noted during probing transects down the centerline of
the mouth of Ninemile Creek and adjacent to the topsoil area in RA-A. The presence of this material
was first noted in 2019 and was found again in 2020, as detailed in the 2019 and 2020 Monitoring
and Maintenance Reports. Based on a comparison of the 2018 and 2019 survey results in this area
to the as-built survey, the soft material corresponds with areas of sediment deposition, rather than
erosion of cap material. Visual observations of this material verified that it appeared to be topsoil or
organic depositional sediments rather than the chemical isolation layer sand. A bathymetric survey of
this area will be completed in 2022 as part of the comprehensive physical monitoring.

6.1.4 Bathymetry Survey and Coring Results

Consistent with the specifications of the OLMMP, a bathymetric survey was not conducted in 2021. A
comprehensive bathymetric survey of all cap areas will be conducted in 2022.

Supplemental physical cores were collected in 2021 in select areas, as detailed below and shown on
Figures 6.6 through 6.13. These supplemental cores were collected based on recommendations from
the 2019 and 2020 monitoring programs where anomalies were seen in the bathymetric survey
results or where coring thicknesses were identified that were less than the target thicknesses specified
in the OLMMP. For all core locations, a minimum of two cores were collected. Core thicknesses are
shown on Table 6.1.
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Based on the potential for under-estimating cap thicknesses based on collection of vibracores that
was identified in the 2019 Monitoring Report and potentially linked to compaction of sand and gravel
and/or the pushing aside of gravel during the vibracore process, videoprobing was conducted
alongside coring locations in RA-E to verify the thickness of the cap in this area. The results of the
coring and video probing in this area are shown on Figures 6.14 through 6.16. The detailed video
probing report is provided in Appendix 6D.

Physical monitoring results for each RA are discussed below.
Remediation Area A

As shown on Figure 6.10, a small area of bathymetric change greater than 1 foot was found in the
western portion of RA-A in 2019. To further evaluate this area, a 2019 core location was reoccupied,
and an additional supplemental core was collected within the area. As shown on Table 6.1, the cap
thickness measurements from these locations exceeded the minimum cap thickness specified in the
OLMMP.

Remediation Area B
No cores were collected in RA-B in 2021.
Remediation Area C

As shown on Figure 6.11, a small anomalous area of greater than 1 foot of change near the edge of
the MPC monolayer cap was identified in bathymetric survey in 2020. To further evaluate this area,
supplemental physical cores were collected at two locations. As shown on Table 6.1, the cap thickness
measurements from these locations ranged from 3 to 9 inches. This was an area where the design
specified direct application of granular activated carbon (GAC); however, a mixture of sand and GAC
was placed for construction purposes. The presence of sand in all the cores indicates the cap in this
area is present and stable.

Remediation Area D

As detailed in the 2019 Monitoring and Maintenance Report, three 2019 coring locations were
identified in the multi-layer cap where thicknesses were less than the target minimums specified in
the OLMMP. As shown on Figure 6.12, these core locations were reoccupied in 2021. Additional
supplemental cores were also collected at six locations to address anomalies in bathymetric survey,
where elevation differences were greater than 1.0 foot in both the 2019 and 2020 surveys. These
were identified in the 2019 and 2020 Monitoring and Maintenance Reports and are shown on
Figures 6.12 and 6.13. As shown on Table 6.1, the cap thickness measurements from these locations
exceeded the minimum cap thicknesses specified in the OLMMP.

Remediation Area E

As detailed in the 2019 Annual Report, 11 coring locations in RA-E were identified in 2019 in the multi-
layered cap where thicknesses were less than the target minimums specified in the OLMMP. As shown
on Figure 6.9, these core locations were reoccupied in 2021, along with an additional six step-out
supplemental cores to assess the surrounding areas. As shown on Table 6.1, the target minimum total
thickness was not achieved in any cores at four of the 17 locations, with multiple locations showing at
least one core where the habitat layer and/or total thickness was less than the target thickness.
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However, as detailed in the 2019 Annual Report, cap thickness measurements based on cores are
likely biased low in areas where the habitat layer consists of fine gravel. This is due to compaction of
the material and/or are a result of the vibracore pushing aside the fine gravel as the core was
advanced. Therefore, video probing was conducted at 16 of the RA-E coring locations in 2021. The
interface between the cap material and the native underlying sediment is easily discernable providing
for reliable measurements of the total cap thickness. In some cases, the interface between the cap
layers was more difficult to discern and required more nuanced interpretation from the experienced
videoprobe operator. As detailed in Appendix 6D and shown on Figures 6.15 and 6.16, the cap
thickness measurements from all video probe locations met or exceeded the minimum thickness
specified in the OLMMP.

No video probing was completed at coring location E-21. As shown in Table 6.1, the cap thickness core
measurements from this location exceeded the minimum cap thicknesses specified in the OLMMP.

Remediation Area F

No cores were collected in RA-F in 2021.

6.1.5 Summary of 2021 Physical Monitoring Results and Recommendations for 2022
Physical Monitoring

The combined results of the 2019 and 2020 monitoring program and the 2021 physical monitoring
program verify that the caps remain physically stable. Based on the monitoring results, there has been
no significant loss of cap material in any of the capped areas.

Consistent with the OLMMP, the 2022 physical monitoring of the cap will consist of a comprehensive
bathymetric survey of all capped areas and the uncapped areas along the RE-E CSX shoreline and
collection of cores and documentation of cap thicknesses as part of the chemical monitoring program.
A minimum of two cores will be collected from each 2022 coring location. If the measured thicknesses
are less than the target, additional cores may be collected, as well as additional step-out cores and/or
video probing. These will be determined in consultation with the NYSDEC. Additional coring or probing
may also be proposed based on the results of the bathymetric survey.

Consistent with the OLMMP, comprehensive probing and aerial drone photography will not be
completed in 2022. Although not required per the OLMMP, a shoreline walk and visual inspection will
be completed in 2022. Any signs of potential erosion along the capped areas and Wastebeds 1-8
stabilized shoreline will be photographed and noted during the shoreline inspection.

In addition, the following monitoring will be implemented:

= Elevation measurements will be collected in areas along the RA-D shoreline where additional
material was placed in 2019. These measurements will be compared to the elevations
measured shortly after additional material placement. This was originally planned for
completion in 2021.

= Cap probing will be completed along a transect in the RA-D Outboard Area West to confirm the
presence of the habitat erosion protection layer in an area observed to have topsoil erosion
during the 2019, 2020, and 2021 shoreline inspections.
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6.2 Recommendations for 2022 Chemical Monitoring

Consistent with the specifications of the OLMMP, chemical monitoring was not conducted in 2021.
Comprehensive chemical monitoring of all cap areas will be conducted in 2022. The monitoring scope
will be consistent with the scope specified in the OLMMP, with the following modifications:

= Porewater samples will be collected at new peeper locations A-30 and A-31, which were added
in 2019 per NYSDEC’s request to enhance the cap monitoring in RA-A adjacent to the WB 1-8
north shore hydraulic containment system (NSHCS).

= Porewater samples will be collected at locations A-8 and A-10 from sampling intervals
corrected from what is shown in the OLMMP to accurately reflect that the habitat layer at these
locations is a minimum of 18 inches rather than 12 inches, consistent with sampling
completed in 2019.

= The impacts of filtering and suspended solids on direct-extraction porewater analytical results
for volatile organic compounds (VOCs) and phenol will be evaluated.

= Additional peeper sampling will be completed in Zone 1 to allow for the collection of porewater
samples from the habitat layer for benzene, toluene, and phenol analysis. These will be
completed to eliminate uncertainty associated with converting solid phase results to an
aqueous basis for comparison to agueous-based performance criteria for these parameters.

The comprehensive recommended 2022 cap monitoring scope, including additional details regarding
the chemical monitoring scope revisions listed above, is provided in the 2022 Onondaga Lake Scope
Memorandum.

6.3 Shoreline Hydraulic Control System Operation

As part of the Interim Remedial Measures (IRMs) associated with adjacent contaminated sites,
shoreline subsurface barrier walls and/or groundwater collection systems have been installed directly
adjacent to several capped areas within the lake and adjacent wetlands. Successful hydraulic
containment by these systems limits groundwater upwelling in adjacent lake and wetland areas. It is
therefore an important factor in ensuring the caps achieve their established performance criteria.
Groundwater flows through three zones in the aquifer: shallow, intermediate, and deep. A clay layer
separates the intermediate and deep zones. Operational and monitoring data from the hydraulic
containment systems are used to demonstrate that groundwater from the shallow and intermediate
zones is being successfully captured. Thus, the only potential source of groundwater upwelling through
the cap is from the deep zone through the underlying clay layer. This was the design basis used to
generate the groundwater upwelling rates for cap modeling for the final design. Hydraulic containment
systems include:

= Ashoreline groundwater collection system that has been implemented as part of the WBs 1-8
IRM.

= Shoreline barrier walls and groundwater collection systems have been implemented as part of
the Willis/Semet and WB B IRMs (Parsons 2018a).

Infiltration of impacted groundwater to Onondaga Lake along the southeastern shoreline has been
mitigated as part of the Willis/Semet and WB-B IRMs through construction of a control system that
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includes a sheet pile barrier wall and a groundwater collection system. The hydraulic barrier wall is the
primary groundwater control mechanism and extends a minimum of 3 feet into the clay layer present
at depths ranging from 35 to 70 feet below grade. As documented in Honeywell Lakeshore Upland
Sites Performance Verification 2017, 2018 and 2019 Annual Reports (Parsons and O’Brien and Gere
2021, Parsons and O’Brien and Gere 2022a, Parsons and O’Brien and Gere 2022b.), the ability to
contain groundwater and in general maintain an inward hydraulic gradient has been demonstrated for
these systems and is expected to continue in perpetuity. Successful operation of the system is
ongoing, including finalization of the 2019, 2020, and 2021 annual reports.

The WB 1-8 IRM includes the Eastern and Northern Shore (adjacent to RA-A) shoreline groundwater
collection systems to control shallow and intermediate groundwater discharges to Onondaga Lake. As
documented in 2015 and 2016 Source Control Summary for the Onondaga Lake Bottom Subsite
(Parsons and O’Brien and Gere 2016), data through the end of March 2016 indicated general
achievement of hydraulic control for these systems, with periodic exceptions observed during
scheduled maintenance, extreme weather conditions, and elevated lake levels. Since then, numerous
system upgrades and optimization activities have been implemented which have resulted in improved
system performance. NYSDEC has been updated regularly on the performance of and upgrades to
these systems. Demonstration of consistent performance has been challenging along a portion of the
system that is directly adjacent to the capped area in RA-A. Therefore, peeper locations A-30 and A-31
directly adjacent to the RA-A shoreline groundwater collection systems were added to the 2019 cap
monitoring program to verify that the cap adjacent to this portion of the hydraulic containment system
remains protective. Except for minor detections of toluene and benzene (at less than 0.5 percent of
the cap performance criteria), all analytes were non-detect for these two peepers. These peeper
locations will continue to be sampled in future chemical monitoring events.

Monitoring of upwelling velocities in the capped area adjacent to the Northern Shore hydraulic
containment system was also implemented. In July 2019, ultrasonic seepage meters were deployed
at five locations in RA-A adjacent to the NSHCS to quantify groundwater upwelling in the area. A second
round of upwelling velocity measurements was implemented at five locations in this area in 2021.
Detailed results from both rounds of upwelling velocity measurements are included in Appendix 6E.
Average upwelling rates and variability were generally very low at most stations during both events. In
general, the two survey periods showed similar magnitudes, ranges, and variability of upwelling
velocity. In 2019, the average upwelling velocities and standard deviations (i.e., meant1 standard
deviation) at the five locations ranged from -9.6+14.4 cm/year to 33.5+9.8 cm/year. In 2021, the
average upwelling velocities and standard deviations at the five locations ranged from 7.5+17.1
cm/year to 28.5+22.5 cm/year with the NSHCS fully operational and -18.3+37.8 cm/year to 28.8+9.5
cm/year with the intermediate collection valve closed. In 2019, high variability was observed at Station
D (i.e., -3.2+147.0 cm/year) based on the high standard deviation value. Similarly high standard
deviations were not evident at Station D during the 2021 event with fully operational NSHCS average
velocity of 12.3+22.6 cm/year or at adjacent Station D-Dup which had an average velocity of -
6.3+38.1 cm/year. Station-specific ranges, averages, and standard deviations for each survey period
are provided in Appendix 6E. As noted in Section 6.2, two new peeper locations A-30 and A-31 were
added per NYSDEC's request to directly evaluate cap performance in this area.
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6.4 Institutional Controls

As specified in the OLMMP, institutional controls are included as part of the long-term monitoring and
maintenance program for the lake to protect the integrity of the cap and ensure long-term
protectiveness of human health and the environment. Specifically, institutional controls have been
implemented to prevent:

Unacceptable exposure to residual contamination within the lake

Recreational boaters from accidently hitting any navigational hazards created by capping and
restoration components of the remedy

Damage to the cap from such activities as navigational dredging

The specific institutional controls detailed in the OLMMP and the status of these institutional controls
are detailed below.

New York State Department of Health (NYSDOH) fish consumption advisories: NYSDOH reviews
fish consumption advisories and updates on a regular basis. These advisories remain in place
and are consistent with those listed in the OLMMP. In 2017, the City of Syracuse and
Onondaga County posted signs in numerous locations along the shore of Onondaga Lake
regarding the presence of consumption advisories and where to find additional information.
Honeywell is not aware of any public outreach activities relating to fish consumption advisories
since the finalization of the OLMMP.

NYSDEC and USACE permitting process to restrict actions that may disrupt the cap or SMU 8
sediment: This permitting process remains in place, and there have been no activities that
Honeywell is aware of that have disrupted the cap or SMU 8 sediment.

Recreational boating buoys: The New York State Office of Parks, Recreation and Historic
Preservation maintains navigational buoys in Onondaga Lake to warn boaters of hazards in
water less than 4 feet deep and beyond 100 feet from shore. This includes buoys associated
with shallow water resulting from capping activities in a small portion of RAA. These buoys have
been deployed annually since 2016, as verified annually during cap monitoring activities.
Navigational charts: Updated (post-capping) bathymetric survey results were provided in May
2017 to the National Oceanic and Atmospheric Administration (NOAA) to allow them to update
the Navigational Chart for Onondaga Lake (currently included as Chart Number 14786 page
33 for the Small-Craft Book Chart for the New York State Canal System). NOAA updated the
charts accordingly on February 11, 2020.

Honeywell is currently working with the NYSDEC to finalize the Onondaga Lake Site Management Plan,
which will provide additional details regarding institutional controls that will be implemented to prevent
actions that may disrupt the cap or SMU 8 sediment.

P:\Honeywell -SYR\452669 2021 OL PVYM\09 Reports\9.1 2021 Annual Report\Rev 5\R37676 Onondaga Lake_2025 Aug_OMM_2021
Annual Rpt_Draft Final Rpt.docx 6-8



Honeywell P PARsONS

SECTION 7 TRIBUTARY AND IN-LAKE SURFACE
WATER MONITORING

7.1 Introduction

The primary objective for monitoring Onondaga Lake surface water is to provide a basis for determining
achievement of the surface water performance criteria. These criteria are based on PRG #3 of the
ROD (NYSDEC and USEPA 2005), which is to “achieve surface water quality standards, to the extent
practicable, associated with chemical parameters of interest (CPOIs).” The performance criteria for
surface water are the NYSDEC SWQS (Part 703) and Division of Water Technical and Operational
Guidance Series (TOGS) Ambient Water Quality Standards and Guidance Values (TOGS 1.1.1) for
mercury, select VOCs, semi-volatile organic compounds (SVOCs), and PCBs. The performance criteria
goals are to achieve:

= Total dissolved mercury concentrations in Onondaga Lake surface water samples that are
protective of wildlife (2.6 ng/L or less) and of human health via fish consumption (0.7 ng/L or
less)

= VOC and SVOC concentrations in Onondaga Lake water samples that are protective of aquatic
life (concentrations are chemical specific)

= PCB concentrations in Onondaga Lake surface water samples that are protective of wildlife
(0.12 ng/L or less) and of human health via fish consumption (0.001 ng/L or less)

As per the OLMMP, the surface water monitoring program includes collection of samples from 10
littoral and two mid-lake locations once prior to and once after fall turnover. Attainment of unfiltered
and filtered (dissolved) total mercury, VOCs, SVOCs and PCB criteria will be achieved when measured
values are below SWQSs for two consecutive years, including pre- and post-turnover sampling events
each year.

Surface water sampling to assess compliance with the above goals was initiated in 2017 and was
conducted again in 2018 to assess compliance with the above goals. During the pre-turnover events
for both 2017 and 2018, samples were analyzed for unfiltered and filtered (dissolved) total mercury,
unfiltered methylmercury, select VOCs and SVOCs?, and total PCBs8. During the post-turnover event,
samples were analyzed for unfiltered and filtered (dissolved) total mercury, unfiltered methylmercury,
and PCB congeners. In accordance with the OLMMP, VOCs and SVOCs were not analyzed for during
the post-turnover event for either year because all results from the pre-turnover event were below the
criteria.

As discussed in the Onondaga Lake 2018 Annual and Comprehensive Monitoring Report (Parsons
2020b), surface water criteria for mercury, VOCs, and SVOCs were achieved for two consecutive years.
Termination of monitoring for these parameters was therefore recommended. It was noted in the
Onondaga Lake 2018 Annual and Comprehensive Report (Parsons 2020b) that total PCB

7 Select VOCs and SVOCs were analyzed as per Table 5.1 of the OLMMP.
8 PCBs were analyzed for full set of 209 congeners using USEPA Method 1668A.
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concentrations in surface water were consistently above ecological and human health criteria in both
2017 and 2018. The measured total PCB concentrations were not unexpected given that PCB levels
in Great Lakes rainwater has been measured at concentrations between 0.5 and 20 ng/L, with general
background levels of PCBs in surface water in Lake Ontario ranging from 0.19 to 0.25 ng/L (Agency
for Toxic Substances and Disease Registry [ATSDR] 2000). Based on these regional background PCB
concentrations, the OLMMP concluded that achievement of the PCB goals of 0.12 and 0.001 ng/L is
likely not practicable.

The three highest measured PCB concentrations in surface water in 2017 and 2018 were from station
OL-RAE-SW-03, which is near the mouth of Ley Creek (Figure 7.1). The average concentrations at
station OL-RAE-SW-03 were more than two times greater than the next highest measurement. Ley
Creek has multiple operable units unrelated to Honeywell that are known PCB sources for which the
remediation process is ongoing (USEPA 2014, NYSDEC and USEPA 2015). Therefore, as agreed upon
in the 2021 Onondaga Lake and Tributary Surface Water Monitoring for PCBs Memorandum (Parsons
2021c), additional monitoring was performed in 2021. Results were used to evaluate PCB
concentrations in surface waters of Onondaga Lake and within incoming water from other sources
such as Ley Creek, other tributaries, and precipitation to facilitate evaluation of their impact on PCB
concentrations in Onondaga Lake. Although the mercury surface water goals were met in both 2017
and 2018, the 2021 lake surface water samples were also analyzed for total mercury, dissolved
mercury, and methylmercury.

The objectives of the PCB monitoring effort were to collect data which would facilitate:

= Adding to the current understanding of the background surface water concentrations of PCBs
in tributaries of Onondaga Lake

= |dentifying significant ongoing tributary sources of PCBs to the Lake

= Evaluating the ambient levels and temporal and spatial distribution of PCBs in Onondaga Lake
surface water and to facilitate long-term trend analysis

This monitoring was not intended to perform a full mass balance of PCB loads and establish ambient
levels as part of the effort performed in 2021. The sampling effort was intended to provide a short-
term estimate of concentrations from precipitation and tributaries only. The results of the 2021
sampling, as discussed below, were used to expand the understanding of PCB background
concentrations and PCB sources to Onondaga Lake. The data also help to quantify current
concentrations of PCBs in tributaries that enter the Lake and limit or slow achievement of water quality
targets.

The 2021 monitoring results are discussed below. As required by the OLMMP, these results are
compared to the relevant SWQSs to assess the achievement of goals.

7.2 Monitoring Results

Monitoring details and results from tributary, in-lake, and rainwater sampling are provided below.
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7.2.1 PCB Monitoring Results for Tributary Sampling

Grab sampling from tributaries (Figure 7.1) consisted of four sampling events for major tributaries
(Onondaga Creek, Ninemile Creek, Ley Creek, and Harbor Brook). Minor tributaries (Bloody Brook,
Sawmill Creek, and Tributary 5A) were sampled during two of the four sampling events. The four
sampling events consisted of:

=  Sampling Event 1 took place on August 8, 2021, during low flow conditions (less than median
flow) and consisted of major tributaries only (Figure 7.2).

= Sampling Event 2 took place on September 14, 2021, during standard flow conditions. It
consisted of all sampling locations and coincided with pre-turnover sampling in the lake.

=  Sampling Event 3 took place on November 17, 20241, during high flow conditions (upper
quartile of flow distribution). It consisted of all locations and coincided with post-turnover
sampling in the lake.

=  Sampling Event 4 took place on December 15, 2021, during standard flow conditions and
consisted of major tributaries only. Resampling occurred for three locations on January 5,
2022, due to bottle breakage during the initial event.

Tributary sampling event information is summarized in Table 7.1. All tributary samples were analyzed
for PCB congeners and total suspended solids (TSS).

Results for total PCB concentrations and associated TSS concentrations measured in tributaries
during each sampling event in 2021 are summarized in Table 7.2 and Figures 7.3a and 7.3b. Total
PCB concentrations ranged from 0.0091 ng/L (Ninemile Creek on January 5, 2022) to 71.32 ng/L
(Ley Creek on September 14, 2021). Results for total PCB concentrations measured in tributaries for
high-flow versus low flow conditions are shown in Figures 7.3c and 7.3d.

TSS concentrations ranged from 1.9 mg/L (Upper Harbor Brook on August 3, 2021 and Sawmill Creek
on November 17, 2021) to 88 mg/L (Onondaga Creek at Hiawatha on September 14, 2021). There
were no statistically significant correlations in the dataset between PCB and TSS results. For example,
the highest measured TSS result of 13 mg/L at Upper Harbor Brook measured on November 17, 2021
was approximately three orders of magnitude higher than the other three sampling dates, while PCB
concentrations measured at Upper Harbor Brook on November 17, 2021 were within the range from
other sampling dates (Table 7.2).

Average total PCB concentrations by tributary are shown in Table 7.3 and Figure 7.3e. Average total
PCB concentrations ranged from 0.06 ng/L at Onondaga Creek at Spencer Streetto 41.49 ng/L at Ley
Creek. Total PCB results were generally one to three orders of magnitude higher in Ley Creek than in
other tributaries. These results are not unexpected given that Ley Creek has multiple operable units
unrelated to Honeywell that are known PCB sources for which the remediation process is ongoing
(USEPA 2014, NYSDEC and USEPA 2015). Average total PCB concentrations in all tributary locations
were above the 0.001 ng/L goal for the protection of human health via fish consumption, and all
locations except Onondaga Creek at Spencer Street were above the 0.12 ng/L goal for the protection
of wildlife. Total PCB concentrations during high flow conditions were similar to or lower than total PCB
concentrations during low flow conditions.
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7.2.2 PCB Monitoring Results for In-Lake Sampling

Consistent with monitoring performed in 2017 and 2018, in-lake samples were collected from 10
littoral zone and two mid-lake locations prior to and after fall turnover. Pre- and post-turnover sampling,
respectively, were conducted on September 14 and November 17, 2021. In-lake samples were
collected using a submersible pump and were analyzed for PCB congeners, TSS, unfiltered and filtered
(dissolved mercury), and unfiltered methylmercury.

Results for total PCBs for in-lake sampling are summarized in Table 7.4 and Figures 7.4a and 7.4h.
Total PCB concentrations for in-lake sampling averaged 1.43 ng/L during 2021 (Table 7.3). Consistent
with results in 2017 and 2018, the highest PCB concentrations observed in the lake were noted at
the monitoring location that is closest to the discharge point of Ley Creek (RAE-SW-03), while total PCB
concentrations throughout the remainder of the lake were relatively consistent. As discussed in
Section 7.2.1, total PCB results for Ley Creek were significantly higher than all other tributary locations.
Excluding RAE-SW-03 in the average calculation reduces the lake average for total PCBs to 0.63 ng/L.
All total PCB concentrations for in-lake sampling were above both the 0.001 ng/L goal for the
protection of human health via fish consumption and the 0.12 ng/L goal for the protection of wildlife.

7.2.3 PCB Monitoring Results for Rainwater Sampling

Rainwater was collected during rain events on August 19, September 23, and November 12, 2021,
and analyzed for PCB congeners only. Total PCBs in rainwater collected in 2021 averaged 0.07 ng/L,
ranging from non-detect to 0.12 ng/L (Table 7.5). The concentrations for the two samples that had
detectable concentrations were at or below the 0.12 ng/L goal for the protection of wildlife, but above
the 0.001 ng/L goal for the protection of human health via fish consumption. These concentrations
are not unexpected given that PCB levels in Great Lakes rainwater have been measured historically at
concentrations between 0.5 and 20 ng/L (ATSDR 2000).

7.2.4 PCB Monitoring Results Discussion and Conclusions

A comparison of average total PCB concentrations in the lake versus average concentrations
measured in each tributary are shown in Figures 7.5a and 7.5b and summarized below.

Tributary/Lake Averag(en ;’%&;I PCBs Tributa qoizvgévlaesig(rrl]tge}clj_ ;\verage
In-lake (all locations) 1.4
In-lake (without OL-RAE-SW-03) 0.63
Tributary (all locations) 6.4 4.6
Tributary (without Ley Creek) 1.4 0.7

Note: Insufficient information to do mass balance. Values portrayed here are estimates based on historical flow
averages of tributaries.

The flow-weighted average concentrations above were calculated based on the estimated tributary
flows and measured average PCB concentrations below.
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Tributary A:\Lvoe/rigg Ol?)féO\_N Average Total PCB Concentra.tion
9/30/2019 (ng/L) at Downstream Location
Onondaga Creek! 191 cfs 0.2
Ninemile Creek? 176 cfs 1.06
Ley Creek? 45 cfs 41.5
Direct Precipitation2 14 cfs 0.072
Harbor Brook! 12 cfs 1.02
Bloody Brook3 10 cfs 1.7
Sawmill Creek3 10 cfs 0.127
Trib 5A3 5 cfs 5.4

1based on USGS data for Onondaga Creek, Ninemile Creek, Ley Creek and Harbor Brook
2 3.5 feet of precipitation per year at Syracuse Hancock International Airport * 3,000 acre lake surface
3 conservative estimates based on watershed area ratios in comparison to gaged tributaries

The following conclusions are supported based on the total PCB results from Onondaga Lake, its
tributaries, and rainwater.

= Average total PCB concentrations in all tributary locations were above the 0.001 ng/L goal for
the protection of human health via fish consumption, and all locations except Onondaga Creek
at Spencer Street were above the 0.12 ng/L goal for the protection of wildlife.

= The flow-weighted average total PCB concentration in the tributaries (all locations) is over three
time higher than the average in-lake concentrations (4.6 ng/L vs 1.4 ng/L).

= Ley Creek is the most significant contributor of total PCBs to the lake. It is anticipated that the
concentrations in Ley Creek will be reduced after remediation by others is complete. To
evaluate the potential impacts of this, tributary average total PCB concentrations excluding
Ley Creek and average in-lake concentrations exclusive of the mouth of Ley Creek were
calculated and compared. The flow-weighted average total PCB concentrations in the
tributaries without Ley Creek (0.7 ng/L) is comparable to the average total PCB concentration
in the lake when excluding the station at the mouth of Ley Creek (0.63 ng/L).

= Rainwater average total PCB concentrations were lower than the concentrations measured in
the lake or tributaries, but still exceeded the lowest PCB criteria by almost two orders of
magnitude.

Potential PCB impacts to Onondaga Lake from Honeywell-related sites have been previously
addressed. Total PCB concentrations measured in the tributaries - except for Ley Creek, which will
be remediated by others - can be considered representative of background conditions. Therefore,
the ROD goal to “achieve surface water quality standards, to the extent practicable” has been
achieved as it pertains to PCBs based on current conditions. Therefore, no further monitoring of PCBs
in surface water is planned. However, additional monitoring may be considered in the future following
remediation by others of Ley Creek, which is an ongoing source of PCBs to Onondaga Lake.
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7.2.5 Mercury Monitoring Results for In-Lake Sampling

Results for dissolved mercury for nearshore in-lake sampling are summarized in Table 7.6 and
Figure 7.6. Dissolved mercury concentrations at all locations were below the goal of 2.6 ng/L for the
protection of wildlife for both pre- and post- turnover events in 2021. Additionally, all post-turnover
dissolved mercury results were below the goal of 0.7 ng/L for human health via fish consumption. Pre-
turnover dissolved mercury results ranged from 0.63 to 1.68 ng/L, with seven of 12 locations results
exceeding the 0.7 ng/L goal. However, these results are questionable as discussed below.

During data validation, results from two pre-turnover locations were not considered usable due to
contamination present at the laboratory at the time of sample filtration. Those specific samples were
rejected due to contamination and the presence of concentrations of dissolved mercury, which were
higher than concentrations of total mercury. Although only those two data points were rejected, the
mercury contamination was present at the laboratory during the time when all pre-turnover samples
were processed, making the quality of the dissolved mercury data from that sampling round
questionable. During 2017 and 2018, pre-turnover mercury concentrations were consistently lower
than post-turnover mercury concentrations, while in 2021, pre-turnover mercury concentrations were
consistently higher than post-turnover mercury concentrations, adding further doubt to the accuracy
of the 2021 pre-turnover mercury concentrations. Following the contamination, the laboratory
implemented corrective actions to minimize the potential for such contamination in the future.

7.3 Onondaga County Monitoring for Calcite and lonic Waste
Constituents

The Onondaga Lake ROD lists calcite and ionic waste constituents as CPOls. Stressors of concern
include calcium, chloride, salinity, ammonia, nitrite, phosphorus, sulfide, dissolved oxygen, and
transparency. These stressors have been routinely monitored by Onondaga County in both the
tributaries and deep portions of the lake as part of the Ambient Monitoring Program (AMP). As per the
OLMMP, the most recently approved Onondaga County AMP report (2018) was reviewed and is
summarized below.

Total dissolved solids (TDS) measurements at South Deep exceeded the Ambient Water Quality
Standards guidance value of 500 mg/L during 2018. TDS reflects the concentration of major cations
such as calcium, sodium, magnesium, potassium, and anions such as bicarbonate, chloride, and
sulfate. As noted in the AMP reports from 2012 through 2018, the high TDS concentrations in
Onondaga Lake, which include concentrations of cations and anions (calcium, chloride, sodium,
sulfate and others), are primarily associated with the natural hydrogeology of the Onondaga Lake
watershed and not with anthropogenic effects. The bedrock of Onondaga County is enriched with
calcium and sulfate, which contribute to the high levels of TDS in the lake and its tributaries. Ten-year
(2009-2018) trends in lake concentrations showed no significant trends in TDS at any location.
Calcium, chloride, and salinity were monitored separately from TDS. Chloride and salinity showed no
statistically significant trends over the 10-year period reviewed in the report (2009-2018). However, a
statistically significant decrease in calcium of 2.0 percent at the lake outlet (0.6 meter depth) was
observed over the 10-year period reviewed in the report (2009-2018). No statistically significant trends
were observed elsewhere.
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Onondaga County has fulfilled its obligation to conduct the AMP, and the 2018 Annual Report
summarized above is the final comprehensive reporting of the 20-year monitoring program mandated
by the Amended Consent Judgment. In 2019, Onondaga County transitioned to a simplified water
guality monitoring program for Onondaga Lake modeled after the Citizen Statewide Lake Assessment
Program, which was conducted through 2021. Under this new program, TDS is not monitored in
Onondaga Lake. Beginning in 2022, Onondaga Lake will not be monitored by Onondaga County in any
capacity. Per the OLMMP, should the County no longer monitor the relevant parameters under their
program, the need to monitor for these parameters under the lake monitoring program will be
discussed with NYSDEC, as described in the OLMMP. Based on the natural geology of the watershed
and observed lack of trends in TDS levels, no additional monitoring for TDS is needed and therefore
no further monitoring is recommended. Additionally, specific conductance is a measure of the ionic
content of water and therefore coupled tightly to measurements of salinity and TDS. As part of the
nitrate addition program, vertical profiles of specific conductance are collected daily by the monitoring
buoy deployed at South Deep and posted to https://upstatefreshwater.org/NRT-Data/Data/data.html.

7.4 Conclusions and Recommendations

As detailed above, in-lake average total PCB concentrations were lower than the averages documented
in background tributaries. Additionally, rainwater samples collected in 2021 exceeded the lowest PCB
criteria by one to two orders of magnitude. The ROD goal to “achieve surface water quality standards,
to the extent practicable” has been achieved as it pertains to PCBs based on current conditions.
Therefore, no further monitoring of PCBs in surface water is planned. However, additional monitoring
may be considered in the future following remediation by others of Ley Creek, which is an ongoing
source of PCBs to Onondaga Lake.

As detailed above, surface water mercury goals were met during pre- and post-turnover sampling
events in 2017 and 2018. However, pre-turnover dissolved mercury results exceeded the 0.7 ng/L
goal in seven of 10 locations in 2021. It is believed that these exceedances were a result of laboratory
contamination. Therefore, an additional round of pre-turnover in-lake sampling for mercury (total,
dissolved, and methyl) will be conducted during the summer/early fall of 2022. In consultation with
NYSDEC, a decision on whether to conduct post-turnover sampling will be determined after review of
the pre-turnover sample results. If results are unexpected (i.e., higher than criteria), then post-turnover
sampling for mercury (total, dissolved, and methyl) will be conducted. However, since all post-turnover
samples from 2017, 2018, and 2021 were within criteria and did not have any quality concerns, this
is not expected. The 2021 post-turnover mercury concentrations were consistent with the
concentrations measured in 2017 and 2018. If goals are met during the pre-turnover sampling in
2022 as expected, the surface water quality standard will be considered met and no additional
monitoring will be conducted.
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TABLE 2.1 2021 VEGETATION DATA SUMMARY MOUTH OF NINEMILE CREEK RESTORATION AREA

! Botanical nomenclature follows New York Flora Atlas (Weldy et al. 2022).

2 Wetland Indicator Status nomenclature:
Obligate Wetland (OBL): occurs almost always (estimated probability >99%) in wetlands.

L qQ Wetland Indicator .
Scientific Name Common Name 23 Relative Cover
Status®

Typha latifolia 4 Broadleaf cattail OBL 32.9%
Schoenoplectus tabernaemontani Softstem bulrush OBL 11.1%
Ceratophyllum demersum Coontail OBL 9.7%
Heteranthera dubia Water stargrass OBL 9.1%
Elodea canadensis Common waterweed OBL 7.3%
Nitellopsis obtusa Starry stonewort OBL 5.5%
Nymphaea odorata American white waterlily OBL 4.2%
Stuckenia pectinata Sago pondweed OBL 3.0%
Pontederia cordata Pickerelweed OBL 2.9%
Potamogeton illinoensis Illinois pondweed OBL 2.3%
Leersia oryzoides Rice cutgrass OBL 1.6%
Sparganium eurycarpum Giant burreed OBL 1.4%
Nuphar lutea Yellow pond-lily OBL 1.2%
Potamogeton crispus Curly-leaf pondweed OBL 1.0%
other species (<1% rel. cover, 41 species) 6.7%

Total 100%

Facultative Wetland (FACW): usually occurs in wetlands (estimated probability 67%-99%), but is occasionally found

in non-wetlands.

Facultative (FAC): equally likely to occur in wetlands or non-wetlands (estimated probability 34%-66%).

Facultative Upland (FACU): usually occurs in non-wetlands (estimated probability 67%-99%), but is occasionally
found in wetlands (estimated probability 1%-33%).

Obligate Upland (UPL): occurs almost always (estimated probability >99%) in non-wetlands.
3 References for Wetland Statuses throughout document from the following:

https://newyork.plantatlas.usf.edu/

http://plants.usda.gov

https://gobotany.newenglandwild.org

* Broadleaf cattail hybridizes readily with narrowleaf cattail and the hybrid can be challenging to distinguish from
broadleaf cattail. Narrowleaf cattail has been documented in the qualitative surveys and there are also nearby
populations outside the restoration area. Therefore, it is likely that some degree of hybridization is occurring.

® Table includes a summary of data collected for both the Ninemile Creek Spits and the In-Lake planted areas.
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TABLE 2.2 2021 VEGETATION DATA SUMMARY, WASTEBED B/HARBOR BROOK OUTBOARD AREA

! Botanical nomenclature follows New York Flora Atlas (Weldy et al. 2022).

2 Wetland Indicator Status nomenclature:

Wetland
Scientific Name® Common Name Indicator Relative Cover
Status®®

Typha latifolia* Broadleaf cattail OBL 22.5%
Ceratophyllum demersum Coontail OBL 9.4%
Elodea canadensis Common waterweed OBL 8.6%
Stuckenia pectinata Sago pondweed OBL 8.4%
Typha latifolia Narrowleaf cattail OBL 5.6%
Pontederia cordata Pickerelweed OBL 4.9%
Spartina pectinata Prairie cordgrass FACW 4.7%
Leersia oryzoides Rice cutgrass OBL 4.4%
Schoenoplectus tabernaemontani Softstem bulrush OBL 4.3%
Heteranthera dubia Water stargrass OBL 4.2%
Nitellopsis obtusa Starry stonewort OBL 3.8%
Nuphar lutea Yellow pond-lily OBL 3.1%
Echinochloa spp. Barnyardgrass FACW 2.7%
Potamogeton illinoensis Illinois pondweed OBL 2.5%
Cyperus bipartitus Shining flat sedge FACW 2.0%
Sparganium eurycarpum Giant Burreed OBL 1.1%
Schoenoplectus acutus Hardstem bulrush OBL 1.0%
other species (<1% rel. cover, 48 species) 6.9%

| Total 100%

Obligate Wetland (OBL): occurs almost always (estimated probability >99%) in wetlands.
Facultative Wetland (FACW): usually occurs in wetlands (estimated probability 67%-99%), but is occasionally found

in non-wetlands.

Facultative (FAC): equally likely to occur in wetlands or non-wetlands (estimated probability 34%-66%).

Facultative Upland (FACU): usually occurs in non-wetlands (estimated probability 67%-99%), but is occasionally
found in wetlands (estimated probability 1%-33%).

Obligate Upland (UPL): occurs almost always (estimated probability >99%) in non-wetlands.

3 References for Wetland Statuses throughout document from the following:
https://newyork.plantatlas.usf.edu/

http://plants.usda.gov

https://gobotany.newenglandwild.org

* Broadleaf cattail hybridizes readily with narrowleaf cattail and the hybrid can be challenging to distinguish from
broadleaf cattail. Narrowleaf cattail has been documented in the qualitative surveys and there are also nearby
populations outside the restoration area. Therefore, it is likely that some degree of hybridization is occurring.
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TABLE 2.3 2021 TREE CONDITION SURVEY, WASTEBED B/HARBOR BROOK OUTBOARD AREA

Condition

Overall Condition

©

Number of . o o | 2
Species c o o ]

Trees o o 3 = K £
© © o) ) &

e | & o | <

@l 2 = 3

oy

(o
17 American sycamore (Platanus occidentalis ) 15 1 1 0 0 0
23 Black willow (Salix nigra )** 174l 10|01
6 Northern white cedar (Thuja occidentalis) 1 2 0 0 0
Quaking aspen (Populus tremuloides ) 3 1 0 0 0
24 Red maple (Acer rubrum)? 15| 4 5 0 0 0
River birch (Betula nigra) 0 0 0 0 0
2 Silver maple (Acer saccharinum)) 1 1 0 0 0 0
23 Swamp white oak (Quercus bicolor) 12 6 5 0 0 0
103 Total trees & observed condition 67 120( 15| O 0 1

! Scientific names follow the New York Flora Atlas (Weldy et al. 2022).

2Installed in 2018 at a higher than 1:1 ratio with smaller sized potted trees. Trees were planted in close proximity to each

other. The tree with the best overall condition is recorded in the table.

SInstalled in 2020 at a higher than 1:1 ratio with smaller sized potted trees. Trees were planted in close proximity to each

other. The tree with the best overall condition is recorded in the table.
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TABLE 2.4 2021 MITIGATION WETLAND ACREAGES

MITIGATION AREA MONITORING YEAR ACREAGE
Ninemile Creek Spits 5 2.47"
Mouth of Ninemile Creek In-Lake Wetlands 5 7.84°
Perched wetland A 5 2.87%*
Wastebeds 1. g |Ferched wetland B 5 3.79%*
Perched wetland C 5 0.53%*
Wastebeds 1-8 Connected Wetlands 5 0.29*%°
Wastebed B/Harbor Brook Outboard Wetland 4 10.8"
Overall Mitigation Acreage Required 19.5°
2021 Wetland Acreage 28.6
Open Water Acreages
Wastebed B/Harbor Brook Outboard Area 4 2.34°
Wastebeds 1-8 Connected Wetlands 5 2.3%°
Overall Open Water Required 4.6
2021 Open Water Acreage 4.6

! Calculated during a formal wetland delineation in 2021 (Appendix 2C). Represents contiguous wetland acreage in the area of the
original spits connected to the shoreline.

2 Calculated during a formal wetland delineation in 2021. Represents the in-lake persistent emergent (5.18 ac.), the floating
aquatic (2.53 ac.), and 0.13 acers of the shoreline persistent emergent strip (Appendix 2C, Table 1 and Figure 5 of the 2021
Annual Report).

3 Calculated during a formal wetland delineation in 2019.
* Wastebeds 1-8 Mitigation Wetland Delineation Report (Ramboll, 2023).
5 Calculated during a formal wetland delineation in 2020.

8 Additional delineated acreage in excess of the designed 2.3 acres required to account for open water loss within the Wastebeds
1-8 Connected Wetlands.

" Estimated during a year three formal wetland survey in 2020. Acreage includes contiguous wetlands in and adjacent to the
Wastebed B/Harbor Brook Outboard boundary.

8 Mitigation areas taken from Table 7.5A of the Onondaga Lake Monitoring and Maintenance Plan.

° Estimated from the 2021 acreages of the Harbor Brook Channel and the area of unconsolidated bed within the Wastebed
B/Harbor Brook Outboard Area boundary (Figures 2.2 and 2.3).

10 Mitigation areas taken from Table 7.5B of the Onondaga Lake Monitoring and Maintenance Plan (Parsons, 2018).
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TABLE 2.5 SPECIES RICHNESS OF THE FISH COMMUNITY IN 2021

Lakewide Total Remediated Areas Reference Areas

Baseline (2008-2011) 40 37 36
Construction (2012-2016) 38 33 36
2017 41 39 34

2018 42 37 40

2019 45 40 39

2020 36 33 33

2021 40 36 38
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Honeywell = PARSONS
TABLE 2.6 ONONDAGA LAKE BIOLOGICAL ASSESSMENT PROFILE SCORES
Location® Cap Type SEILpI Area Type 2021 BAP| 2021 BAP| 2021 BAP 2;\2P1 i?ezz: i?::
OCHRON pIyp Method o Score 12| Score 22° | Score 3%° 9 2 3
Mean Mean Mean
Remediation Area A
OL-BMI-GAO1 |Fine Gravel Multiplate |Remediation 3.3 - - 3.3
OL-BMI-GAO2  |Fine Gravel Multiplate |Remediation 3.1 - - 3.1 2.7 2.9
OL-BMI-GAO3  |Fine Gravel Multiplate |Remediation 1.4 2.2 - 1.8
OL-BMI-SAO1  |Sand Ponar Remediation 4.3 5.0 - 4.7
OL-BMI-SAO2  |Sand Ponar Remediation 4.0 2.7 - 3.3
OL-BMI-SAO3  |Sand Ponar Remediation 4.3 1.2 2.4 2.6 46 05
OL-BMI-TAO1 Topsoil Ponar Remediation 4.5 7.7 6.0 6.1
OL-BMI-TAO2 Topsoil Ponar Remediation 3.3 1.3 4.8 3.1
OL-BMI-TAO3 Topsoil Ponar Remediation 7.5 7.8 - 7.7
Remedliation Area B
OL-BMI-GBO1 |Fine Gravel, Multilayer MPC |Multiplate |Remediation 4.7 - - 4.7
OL-BMI-GBO2 |Fine Gravel Multiplate |Remediation 5.6 - - 5.6 4.9 2.5
OL-BMI-GB0O3 |Fine Gravel, Multilayer MPC |Multiplate |Remediation 4.3 - - 4.3
OL-BMI-SBO1 |Sand, Multilayer MPC Ponar Remediation 1.7 2.2 - 2.0
OL-BMI-SBO2 |Sand, Monolayer MPC Ponar Remediation 4.9 3.0 2.8 3.5
OL-BMI-SBO3 |Sand, Multilayer MPC Ponar Remediation 1.0 1.0 - 1.0 33 3.4
OL-BMI-TBO1  |Topsoil Ponar Remediation 2.0 4.1 1.2 2.4
OL-BMI-TBO2 Topsoil Ponar Remediation 3.7 7.4 4.5 5.2
OL-BMI-TBO3  |Topsoil Ponar Remediation 6.9 5.1 4.9 5.7
Remediation Area C
OL-BMI-GCO1 |Fine Gravel Multiplate |Remediation 2.3 - - 2.3
OL-BMI-GCO2 |Fine Gravel, Multilayer MPC |Multiplate |Remediation 3.5 - - 3.5 3.0 1.7
OL-BMI-GCO3 |Fine Gravel Multiplate |Remediation 3.2 - - 3.2
OL-BMI-SCO1 |Sand Ponar Remediation 1.1 1.2 - 1.1
OL-BMI-SCO2  |Sand, Monolayer MPC Ponar Remediation 2.0 1.0 - 1.5 2.1 1.8
OL-BMI-SCO3  |Sand Ponar Remediation 3.3 4.1 - 3.7
Remediation Area D
OL-BMI-GDO1 |Fine Gravel Multiplate |Remediation 1.9 4.0 - 2.9
OL-BMI-GDO2 |Fine Gravel Multiplate |Remediation 3.7 - - 3.7 3.6 3.2
OL-BMI-GDO3 |Fine Gravel Multiplate |Remediation 4.3 - - 4.3
OL-BMI-SDO1 |Sand Ponar Remediation 3.1 2.9 - 3.0
OL-BMI-SD0O2 |Sand, Monolayer MPC Ponar Remediation 0.9 0.0 - 0.5
OL-BMI-SDO3  |Sand Ponar Remediation 1.1 0.4 - 0.7 38 3.0
OL-BMI-TDO1  |Topsoil Ponar Remediation 8.4 8.0 - 8.2
OL-BMI-TDO2  |Topsoil Ponar Remediation 6.1 5.8 - 6.0
OL-BMI-TDO3  |Topsoil Ponar Remediation 4.9 4.1 - 4.5
Remedliation Area E
OL-BMI-CEO1 |Coarse Gravel Multiplate |Remediation 5.0 - - 5.0
OL-BMI-CEO2 Coarse Gravel Multiplate |Remediation 4.7 - - 4.7
OL-BMI-CEO3 |Coarse Gravel Multiplate |Remediation 6.8 - - 6.8 a1 1.7
OL-BMI-GEO1 |Fine Gravel Multiplate |Remediation 2.1 - - 2.1
OL-BMI-GEO2 |Fine Gravel Multiplate |Remediation 2.8 - - 2.8
OL-BMI-GEO3  |Fine Gravel Multiplate |Remediation 3.6 - - 3.6
OL-BMI-SEO1  |Sand Ponar Remediation 2.0 0.2 0.1 0.8
OL-BMI-SEO2  |Sand Ponar Remediation 0.2 2.6 4.5 2.4 1.9 a8
OL-BMI-SEO3  |Sand Ponar Remediation 4.2 1.7 1.6 2.5
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Honeywell > pARSONS

TABLE 2.6 ONONDAGA LAKE BIOLOGICAL ASSESSMENT PROFILE SCORES

Location® Cap Type SEILpI Area Type 2021 BAP| 2021 BAP| 2021 BAP 2I:A2P1 i?:z:- i?:as
OCHRON pIyp Method o Score 12| Score 22° | Score 3%° 9 2 3
Mean Mean Mean
CSX Area
OL-BMI-CSX01 [N/A Ponar Unremediated 1.4 4.1 3.0 2.8
OL-BMI-CSX02 |N/A Ponar Unremediated 5.7 6.6 - 6.1 3.6 3.6
OL-BMI-CSX03 [N/A Ponar Unremediated 2.4 1.3 - 1.9
Unremediated Locations
OL-BMI-RRO1A |N/A Ponar Unremediated 4.1 1.6 4.5 3.4
OL-BMI-RRO1B |N/A Ponar Unremediated 1.3 1.1 - 1.2 2.2 1.4
OL-BMI-RRO1C [N/A Ponar Unremediated 1.9 2.2 - 2.1
OL-BMI-RRO2A |N/A Ponar Unremediated 6.0 6.0 - 6.0
OL-BMI-RRO2B |N/A Ponar Unremediated 4.1 4.5 - 4.3 4.0 3.6
OL-BMI-RRO2C [N/A Ponar Unremediated 3.4 0.4 1.3 1.7
OL-BMI-RRO3A |N/A Ponar Unremediated 6.7 5.4 - 6.1
OL-BMI-RRO3B |N/A Ponar Unremediated 6.4 5.9 - 6.2 5.3 3.0
OL-BMI-RRO3C [N/A Ponar Unremediated 3.6 4.0 - 3.8
2021 2018
Average Ponar BAP Score (Remediated Areas) 34 2.6
Average Ponar BAP Score (Unremediated Areas) 3.9 2.6
Average Multiplate BAP Score (Remediated Areas) 3.8 2.3
Average CSX BAP Score 3.6 3.6
Average Baseline Ponar BAP Score (Remediation Areas) 3.9
Average Baseline Ponar BAP Score (Unremediated Areas) 4.0

* Location IDs indicated by cap type, where T=topsoil, S= sand, G=gravel, C=coarse gravel/cobble; or by other general area of the Lake, such as CSX or
Unremediated Area.

2 Biological Assessment Profile (BAP) calculated for two of three replicates where samples were collected via ponar. Where samples were collected via
multiplates, one of two replicates was identified. Due to high variability in subset of samples, BAP scores were calculated for archive samples for two multiplate
locations and 13 ponar locations.

% Scores assigned to descriptive categories defined in the SOP to reflect the estimated water quality impact score. These categories are severe (for BAP score
ranging from 0-2.5), moderate (for BAP score ranging from 2.5-5), slight (for BAP score ranging from 5-7.5), and none (for BAP ranging from 7.5-10).

BAP Score 0-2.5
BAP Score 2.5-5.0
BAP Score 5.0-7.5
BAP Score 7.5-10
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Honeywell

TABLE 2.7a 2021 ONONDAGA LAKE BIOLOGICAL ASSESSMENT PROFILE SCORES BY CAP TYPE IN REMEDIATION AREAS

= PARSONS

e Number of | Sampling | 2018 BAP | 2018 BAP | 2018 Average | 2018 Impact 2021 BAP | 2021 BAP 2021 Average 2021 Impact
Locations Method Minimum | Maximum BAP Score Category Minimum | Maximum BAP Score Category
Remediation Area A
Sand 3 Ponar 2.2 4.7 3.1 Moderate 2.6 4.7 3.6 Moderate
Topsoil 3 Ponar 1.5 2.4 1.9 Severe 3.1 7.7 5.6 Slight
Fine Gravel 3 Multiplate 1.4 4.6 2.9 Moderate 1.8 3.3 2.7 Moderate
Remediation Area B
Sand, Multilayer MPC 2 Ponar 1.3 4.4 2.9 Moderate 1.0 2.0 1.5 Severe
Sand, Monolayer MPC 1 Ponar - - 1.7 Severe - - 3.5 Moderate
Topsoil 3 Ponar 4.1 4.4 4.3 Moderate 2.4 5.7 4.4 Moderate
Fine Gravel 1 Multiplate - - 2.9 Moderate - - 5.6 Slight
Fine Gravel, Multilayer MPC 2 Multiplate 1.6 3.1 2.4 Severe 4.3 4.7 4.5 Moderate
Remediation Area C
Sand 2 Ponar 2.0 2.2 2.1 Severe 1.2 3.7 2.4 Severe
Sand, Monolayer MPC 1 Ponar - - 1.2 Severe - - 1.5 Severe
Fine Gravel 2 Multiplate 2.0 2.0 2.0 Severe 2.3 3.2 2.8 Moderate
Fine Gravel, Multilayer MPC 1 Multiplate - - 1.2 Severe - - 3.5 Moderate
Remediation Area D
Sand 2 Ponar 1.3 1.8 1.5 Severe 0.7 3.0 1.9 Severe
Sand, Monolayer MPC 1 Ponar - - 0.0 Severe - - 0.5 Severe
Topsoil 3 Ponar 2.4 7.6 4.9 Moderate 4.5 8.2 6.2 Slight
Fine Gravel 3 Multiplate 2.9 3.7 3.2 Moderate 2.9 4.3 3.6 Moderate
Remediation Area E
Sand 3 Ponar 1.1 1.5 1.3 Severe 0.8 2.5 1.9 Severe
Coarse gravel 3 Multiplate 1.3 2.6 2.0 Severe 4.7 6.8 5.5 Slight
Fine Gravel 3 Multiplate 1.3 1.6 1.4 Severe 2.1 3.6 2.8 Moderate

1. Scores assigned to descriptive categories defined in the SOP to reflect the estimated water quality impact score. These categories are severe (for BAP score ranging from 0-2.5),
moderate (for BAP score ranging from 2.5-5), slight (for BAP score ranging from 5-7.5), and none (for BAP ranging from 7.5-10).

BAP Score 0-2.5

BAP Score 2.5-5.0
BAP Score 5.0-7.5
No Impact 7.5-10
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Honeywell

TABLE 2.7b 2021 ONONDAGA LAKE BIOLOGICAL ASSESSMENT PROFILE SCORES BY CAP TYPE

D PARSONS

. 2018 BAP | 2018 BAP 2018 2018 2021 BAP 2021 BAP 2021 2021
Number of | Sampling

Cap Type Locations Method Score Score Average Impact Score Score Average Impact
Minimum Maximum | BAP Score | Category Minimum Maximum | BAP Score | Category

Sand 10 Ponar 1.1 4.7 2.0 Severe 0.7 4.7 2.5 Severe

Sand, Multilayer MPC 2 Ponar 1.3 4.4 2.9 Moderate 1.0 2.0 1.5 Severe

Sand, Monolayer MPC 3 Ponar 1.2 1.7 1.5 Severe 0.5 3.5 1.8 Severe
Fine Gravel 12 Multiplate 1.3 4.6 2.5 Severe 1.8 5.6 3.2 Moderate
Fine Gravel, Multilayer MPC 3 Multiplate 1.3 3.1 2.0 Severe 3.5 4.7 4.2 Moderate

Coarse Gravel 3 Multiplate 13 2.6 2.0 Severe 4.7 6.8 5.5 Slight

Topsoil 9 Ponar 1.5 7.6 3.7 Moderate 2.4 8.2 5.4 Slight
CSX 3 Ponar 1.8 5.4 3.6 Moderate 1.9 6.2 3.6 Moderate
Unremediated 3 Ponar 14 3.6 2.7 Moderate 2.2 53 3.9 Moderate

1. Scores assigned to descriptive categories defined in the SOP to reflect the estimated water quality impact score. These categories are severe (for BAP score

ranging from 0-2.5), moderate (for BAP score ranging from 2.5-5), slight (for BAP score ranging from 5-7.5), and none (for BAP ranging from 7.5-10).

BAP Score 0-2.5

BAP Score 2.5-5.0
BAP Score 5.0-7.5
BAP Score 7.5-10
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; PARSONS

TABLE 2.8 2021 MAINTENANCE SUMMARY MOUTH OF NINEMILE CREEK AND WASTEBED B/HARBOR BROOK OUTBOARD RESTORATION AREAS

MONTH

TASK

SITE

DESCRIPTION

June and

Action Items and Maintenance Efforts

September/October

Invasive Species Control

Mouth of Ninemile Creek,
Wastebed B/Harbor Brook Outboard Area

Applications of the herbicide Rodeo® to control invasive
species were carried out

July and August

Mechanical Removal of Water Chestnut

Restoration Area Aand E

Hand pulled water chestnut out of lake

December

Large Tree Replacement

Wastebed B/Harbor Brook Outboard Area

Replaced 2 dead trees noted in the 2020 survey

December

Beaver Nuisance Control

Harbor Brook

Removal of beavers due to tree damage in Harbor Brook Area

Supplemental Plantings

May-August

Enhancement Plantings1

Mouth of Ninemile Creek,
Wastebed B/Harbor Brook Outboard Area

Planted herbaceous plugs in sparsely vegetated areas

1Quantities and species can be found in Table 2B.6.
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Honeywell - PARSONS

TABLE 3.1 REMEDIAL GOALS (MERCURY) AND TARGET CONCENTRATIONS
(ORGANIC CHEMICALS) FOR FISH TISSUE

| Human Health ‘ Ecological?
Remedial Goals
Mercury (mg/kg) | 0.2t0 0.3 ‘ 0.14¢ for small and large prey fish
Target Concentrations
PCBs (mg/kg) 0.04t0 0.34 0.19¢ for small and large prey fish
Dioxin/furan TEQ (ng/kg) 1.3 to 4e NA
. 0.049f for small prey fish
DDT and Metabolites (mg/kg) NA )
0.14¢ for large prey fish
Notes:

e Contaminant concentrations in fillet samples of sportfish (i.e., identified as Smallmouth Bass, Walleye,
Pumpkinseed, and Common Carp in the OLMMP) are compared to performance criteria and target concentration
ranges for protection of human health.

e  Contaminant concentrations in 1) whole body samples of large prey fish, 2) composite whole body samples of small
prey fish are compared to performance criteria and target concentrations for protection of ecological receptors, and
3) whole-body concentrations in sportfish of appropriate sizes calculated from fillet concentrations. The OLMMP
identifies White Sucker and Banded Killifish for large and small prey fish, but states that other comparable species
may be substituted if these species are difficult to obtain.

e Concentrations are on a wet-weight basis.

e While not collected as prey fish, remedial goals and target concentrations may be compared to contaminant
concentrations in whole body sportfish (i.e., specifically Smallmouth Bass, Walleye, Pumpkinseed, and Common Carp
in the OLMMP) where fillet data is converted to whole body data using “conversion factors developed in the
Onondaga Lake Baseline Ecological Risk Assessment (BERA) (i.e., 0.7 for mercury, 2.5 for PCBs, and 2.3 for DDTs
and hexachlorobenzene) (TAMS, 2002b),” For these calculations, fish with lengths 180-600 mm and 30-180 mm
are compared to goal and target concentrations for large and small prey fish, respectively.

NA - not applicable. Dioxin/furans and DDT were not identified as posing risk to ecological receptors and human health,
respectively.

a - Protection of ecological receptors (wildlife) based on the exposure assumptions from the Onondaga Lake Baseline
Ecological Risk Assessment (BERA) (TAMS, 2002b). Ecological performance criteria and targets based on lowest
observed adverse effect levels presented in Appendix G of the FS (Parsons et al. 2004).

b - Lower end of the mercury range is based on reasonable maximum exposure (RME), non-carcinogenic risk. The higher
end of the range is EPA’s methylmercury National Recommended Water Quality criterion for the protection of human
health for the consumption of organisms and is expressed as mg/kg in fish tissue.

¢ - Protection of river otter.

d - Lower end of PCB range represents the RME non-carcinogenic target for high molecular weight PCBs and is
approximately equal to the target for 1x105 carcinogenic risk (0.03 mg/kg). Upper end of range is the RME target
for 1 x 10-4 carcinogenic risk.

e - Although non-carcinogenic targets were not developed for dioxin/furans at the time of the ROD (2005), using the
parameters presented in Appendix G of the FS (Parsons et al. 2005) for a target concentration for the non-cancer
endpoint, and using the USEPA 2012 reference dose of 7E-10 mg/kg-day, the non-cancer target at a hazard quotient
of 1 was determined by USEPA to be 1.3E-06 mg/kg (or 1.3 ng/kg) and is the lower end of the range. The upper end
of the range is for protection of carcinogenic risk of 1x10-4, reasonable maximum exposure (RME).

f - Protection of belted kingfisher

g - Protection of osprey
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Honeywell

TABLE 3.2 SUMMARY OF 2021 FISH TISSUE CHEMICAL CONCENTRATIONS (WET-WEIGHT BASIS)

- PARSONS

. . . " s s 28 Standard Standard 16
Parameter Prep Species Sample Size Number of Detections Mean Median’ Min® Max™ L 24 5 95% UCL™
Deviation™ Error™
whole body Small Preyfish 24 24 0.071 0.08 0.03 0.10 0.023 0.0046 0.079
whole body Large Preyfish 24 24 0.12 0.09 0.03 0.36 0.086 0.018 0.16
fillet Smallmouth bass 25 25 0.68 0.65 0.29 1.6 0.28 0.055 0.78
Mercury (mg/kg) -
fillet Walleye 25 24 0.80 0.76 0.006U 1.8 0.37 0.073 0.92
fillet Pumpkinseed 25 24 0.13 0.11 0.007U 0.29 0.075 0.015 0.16
fillet Common carp 25 25 0.14 0.093 0.048 0.48 0.12 0.024 0.18
whole body Small Preyfish 24 24 0.13 0.049 0.031 0.80 0.21 0.043 0.20
whole body Large Preyfish 24 24 0.33 0.19 0.017 1.1 0.32 0.065 0.51
7 fillet Smallmouth bass 25 25 0.23 0.14 0.033 0.88 0.21 0.041 0.30
Total PCBs (mg/ke) fillet Walleye 25 25 035 033 0078 095 0.20 0.039 0.42
fillet Pumpkinseed 25 22 0.017 0.016 0.0024 0.040 0.012 0.0025 0.021
fillet Common carp 25 25 0.19 0.12 0.0021 0.89 0.21 0.042 0.26
Sum of DDT and whole body Small Preyfish 24 24 0.0028 0.0018 0.0010 0.010 0.0024 0.00048 0.0036
Metabolites (mg/kg)8 whole body Large Preyfish 24 24 0.024 0.014 0.0012 0.18 0.038 0.0078 0.039
whole body Small Preyfish 24 8 0.000087 0.00010 0.000060 0.00024 0.000040 0.0000082 0.00011
whole body Large Preyfish 24 22 0.00040 0.00034 0.000055 0.0014 0.00036 0.000074 0.00053
Hexachlorobenzene fillet Smallmouth bass 25 22 0.00018 0.00016 0.000058 0.00040 0.00011 0.000022 0.00022
(mg/kg) fillet Walleye 25 25 0.00041 0.00037 0.00014 0.00076 0.00015 0.000030 0.00046
fillet Pumpkinseed 25 11 0.000083 0.00010 0.00006 0.00026 0.000037 0.0000073 0.000095
fillet Common carp 25 22 0.00043 0.00024 0.000095U 0.0017 0.00044 0.000087 0.00065
fillet Smallmouth bass 12 12 (34/199) 0.75 0.71 0.35 1.2 0.23 0.065 0.86
Dioxin/Furan Total TEQ fillet Walleye 12 12 (30/199 0.73 0.73 0.42 0.99 0.20 0.059 0.83
(ng/kg)™ o 1 fillet Pumpkinseed 12 1(1/203) - 0.39 0.30U 0.67 U 0.10 0.029 -
fillet Common carp 12 12 (54/199) 1.0 0.57 0.36 2.6 0.79 0.23 1.4
whole body Small Preyfish 23 23 1.3 1.2 0.50 2.3 0.46 0.10 1.4
whole body Large Preyfish 23 23 2.6 2.2 0.19 9.3 2.3 0.49 3.5
Percent Lipid fillet Smallmouth bass 25 25 1.8 1.7 0.43 3.4 0.82 0.16 2.1
(% by weight) fillet Walleye 25 25 3.1 3.3 1.2 4.7 0.84 0.17 3.4
fillet Pumpkinseed 25 25 0.51 0.42 0.12 1.5 0.32 0.064 0.64
fillet Common carp 25 25 5.0 3.9 0.23 15 3.8 0.76 6.8

1. Mean and 95% UCL were calculated using ProUCL version 5.2 and were not calculated when 3 or fewer results were detects (USEPA,2015). For data sets with non-detects, ProUCL selected the statistical method and did not use substitution
method (i.e., one-half of the method detection or reporting limit). For % lipids, mean was calculated arithmetically; all results were detects.

. Standard deviation is an estimate of the variability of the data points used to calculate the mean.
. Standard error is an estimate of how close the calculated mean is likely to be to the true population mean.
. 95% UCL is an estimate of the upper bound for the true population mean.

. DDT and Metabolites was calculated as sum of DDT, DDE, and DDD; 1/2 the reporting limit was used for non-detects.
. Dioxin/Furan Total TEQ was calculated as sum of congeners; 1/2 the method detection limit was used for non-detects.

© 0N oA WN

. Non detects included at half the method detection limit for mercury and dioxin/furan TEQ; non-detects included at half the reporting limit for other analytes.
. U = not detected. Some detected concentrations were found to be lower than the reporting limit or method detection limit of some non-detect results.

. Total PCBs was calculated by the lab as sum of Aroclors, using detected values only, unless all non-detect then maximum detection limit was reported.

10. Number of detections is total TEQ detections; numbers in parentheses are number of congeners detected/congeners analyzed (i.e., 17 congeners times 12 samples).
11. There were 16 fish samples where 1,2,3,7,8,9-HxCDD results were rejected (5 smallmouth bass, 5 walleye, 1 pumpkinseed, and 5 common carp). These rejected samples are not included in the total congeners analyzed.

Acronyms:
- Insufficient data to calculate Mean or 95% UCL; 3 or fewer results were detects

DDT = dichlorodiphenyltrichloroethane PCB = polychlorinated biphenyl
mg/kg = milligrams per kilogram TEQ = toxicity equivalent quotient
ng/kg = nanograms per kilogram UCL = upper confidence limit
Reference:

USEPA, 2022. ProUCL Version 5.2 User Guide. https://www.epa.gov/land-research/proucl-software Accessed October 1, 2024.
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TABLE 3.3a SUMMARY OF FISH TISSUE CHEMICAL CONCENTRATIONS: SPORT FISH FILLET (2015-2021)

Taxon Chemical Name Year Sample Size Mean* 95% U?L 95% UCL Calculation Type
(detects) Value
2015 25 (25) 1.1 1.2 95% Student's-t UCL
2016 25 (25) 0.92 1.02 95% Student's-t UCL
Mercury (mg/kg) 2017 25 (25) 0.71 0.82 95% Student's-t UCL
2018 25 (25) 0.79 0.91 95% Student's-t UCL
2021 25 (25) 0.68 0.78 95% Student's-t UCL
2015 25 (25) 1.9 2.2 95% Student's-t UCL
2016 25 (25) 1.2 1.5 95% Adjusted Gamma UCL
Total PCBs (mg/kg) 2017 25 (25) 0.50 0.61 95% Student's-t UCL
Smallmouth 2018 25 (25) 0.47 0.57 95% Student's-t UCL
Bass 2021 25 (25) 0.23 0.30 95% Student's-t UCL
2015 12 (12) 1.9 2.4 95% Student's-t UCL
Dioxin/Furan Total TEQ | 2017 12 (12) 1.5 1.9 95% Student's-t UCL
(ng/kg) 2018 13 (13) 1.0 1.3 95% Student's-t UCL
2021 12 (12) 0.75 0.86 95% Student's-t UCL
2015 25 (23) 0.0056 0.0072 95% KM Adjusted Gamma UCL
Hexachlorobenzene 2017 25 (6) 0.0021 0.0029 95% KM (t) UCL
(mg/kg) 2018 25 0 - - -
2021 25 (22) | 0.000018 0.00022 95% KM (t) UCL
2015 25 (25) 1.4 1.6 95% Student's-t UCL
2016 25 (25) 1.1 1.3 95% Student's-t UCL
Mercury (mg/kg) 2017 25 (25) 0.77 0.91 95% Adjusted Gamma UCL
2018 25 (25) 0.71 0.81 95% Student's-t UCL
2021 25 (24) 0.80 0.92 95% KM (t) UCL
2015 25 (25) 3.8 5.3 95% Adjusted Gamma UCL
2016 25 (25) 2.5 3.3 95% Student's-t UCL
Total PCBs (mg/kg) 2017 25 (25) 0.74 1.4 95% Chebyshev (Mean, Sd) UCL
Walleye 2018 25 (25) 0.96 1.2 95% Student's-t UCL
2021 25 (25) 0.35 0.42 95% Student's-t UCL
2015 12 (12) 2.1 2.6 95% Student's-t UCL
Dioxin/Furan Total TEQ | 2017 12 (12) 1.6 2.4 95% Student's-t UCL
(ng/kg) 2018 13 (13) 1.8 2.5 95% Student's-t UCL
2021 12 (12) 0.73 0.83 95% Student's-t UCL
2015 25 (25) 0.027 0.032 95% Student's-t UCL
Hexachlorobenzene 2017 25 (17) 0.0044 0.0065 95% KM Adjusted Gamma UCL
(mg/kg) 2018 25 (3) - - -
2021 25 (25) 0.00041 0.00046 95% Student's-t UCL
Notes:

1. For 2015 - 2018, mean and 95% UCL were calculated using ProUCL version 5.1. For 2021, mean and 95% UCL were calculated using ProUCL version 5.2. UCLs were
not calculated when 3 or fewer results were detects (USEPA,2015). 95% UCL is an estimate of the upper bound for the true population mean. For data sets with NDs,
the stated statistical method was used for handling NDs rather than the substitution method (i.e., one-half of the detection/reporting limit).

2.1n 2021, ProUCL version 5.2 suggested the 95% Student's-t UCL for datasets that did not follow a discernible distribution when all samples were detected. These
circumstances were reviewed, and the non-parametric 95% Standard Bootstrap UCL was determined to be a better fit for these datasets.

Abbreviations:

- Insufficient data to calculate Mean or 95% UCL; 3 or fewer results were detects
DDT: dichlorodiphenyltrichloroethane

KM: Kaplan-Meier

mg/kg: milligrams per kilogram

ng/kg: nanograms per kilogram

ND: non-detect

PCB: polychlorinated biphenyl

TEQ: toxicity equivalent quotient

UCL: upper confidence limit

References:

USEPA, 2015. ProUCL Version 5.1 User Guide. EPA/600/R-07/041 https://www.epa.gov/sites/production/files/2016-05/documents/proucl_5.1_user-guide.pdf
Accessed May 22, 2020.

USEPA, 2022. ProUCL Version 5.2 User Guide. https://nepis.epa.gov/Exe/ZyPDF.cgi/P10157JD.PDF?Dockey=P10157JD.PDF Accessed November 21, 2024.
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TABLE 3.3a SUMMARY OF FISH TISSUE CHEMICAL CONCENTRATIONS: SPORT FISH FILLET (2015-2021)

Taxon Chemical Name Year Sample Size Mean* 95% U?L 95% UCL Calculation Type
(detects) Value
2015 25 (25) 0.20 0.31 95% H-UCL
2016 25 (25) 0.20 0.24 95% Adjusted Gamma UCL
Mercury (mg/kg) 2017 25 (25) 0.19 0.24 95% Student's-t UCL
2018 25 (20) 0.097 0.14 95% KM Adjusted Gamma UCL
2021 25 (25) 0.14 0.18 95% Standard Bootstrap UCL>
2015 25 (25) 2.0 2.9 95% Adjusted Gamma UCL
2016 25 (25) 1.8 2.7 95% Adjusted Gamma UCL
Total PCBs (mg/kg) 2017 25 (25) 0.50 0.74 95% Adjusted Gamma UCL
2018 25 (25) 0.27 0.44 95% Adjusted Gamma UCL
Common Carp 2021 25 (25) 0.19 0.26 95% Student's-t UCL
2015 12 (12) 5.9 15 95% Adjusted Gamma UCL
Dioxin/Furan Total TEQ | 2017 12 (12) 4.2 9.2 95% Adjusted Gamma UCL
(ng/kg) 2018 14 (14) 1.1 3.2 95% H-UCL
2021 12 (12) 1.0 1.4 95% Student's-t UCL
2015 25 (23) 0.038 0.081 Gamma Adjusted KM-UCL (use when k<=1 and 15
Hexachlorobenzene =1 < 50 but k<=1)
2017 25 (13) 0.0040 0.0056 95% KM (t) UCL
(me/kg) 2018 25 (2 _ - -
2021 25 (22) 0.00043 0.00065 95% KM Adjusted Gamma UCL
2015 25 (25) 0.28 0.32 95% Student's-t UCL
2016 25 (25) 0.19 0.24 95% Adjusted Gamma UCL
Mercury (mg/kg) 2017 25 (25) 0.17 0.20 95% Student's-t UCL
2018 25 (16) 0.088 0.11 95% KM (t) UCL
2021 25 (24) 0.13 0.16 95% KM (t) UCL
2015 25 (25) 0.14 0.18 95% Adjusted Gamma UCL
2016 25 (17) 0.045 0.21 KM H-UCL
Total PCBs (mg/kg) 2017 25 (25) 0.096 0.13 95% Adjusted Gamma UCL
) 2018 25 (23) 0.090 0.12 95% KM Adjusted Gamma UCL
Pumpkinseed
2021 25 (22) 0.017 0.021 95% KM (t) UCL
2015 12 (9) 0.38 0.53 95% KM (t) UCL
Dioxin/Furan Total TEQ | 2017 12 (12) 0.27 0.33 95% Student's-t UCL
(ng/Kkg) 2018 12 (12) 0.54 0.73 95% Student's-t UCL
2021 12 (1) - - -
2015 25 (1) - - -
Hexachlorobenzene 2017 20 0 - - -
(mg/kg) 2018 23 0 - - -
2021 25 (11) | 0.000083 0.000099 95% KM (t) UCL

Notes:

1. For 2015 - 2018, mean and 95% UCL were calculated using ProUCL version 5.1. For 2021, mean and 95% UCL were calculated using ProUCL version 5.2. UCLs were
not calculated when 3 or fewer results were detects (USEPA,2015). 95% UCL is an estimate of the upper bound for the true population mean. For data sets with NDs,

the stated statistical method was used for handling NDs rather than the substitution method (i.e., one-half of the detection/reporting limit).
2.1n 2021, ProUCL version 5.2 suggested the 95% Student's-t UCL for datasets that did not follow a discernible distribution when all samples were detected. These
circumstances were reviewed, and the non-parametric 95% Standard Bootstrap UCL was determined to be a better fit for these datasets.

Abbreviations:

- Insufficient data to calculate Mean or 95% UCL; 3 or fewer results were detects
DDT: dichlorodiphenyltrichloroethane
KM: Kaplan-Meier

mg/kg: milligrams per kilogram
ng/kg: nanograms per kilogram

ND: non-detect

PCB: polychlorinated biphenyl
TEQ: toxicity equivalent quotient
UCL: upper confidence limit

References:

USEPA, 2015. ProUCL Version 5.1 User Guide. EPA/600/R-07/041 https://www.epa.gov/sites/production/files/2016-05/documents/proucl_5.1_user-guide.pdf
Accessed May 22, 2020.
USEPA, 2022. ProUCL Version 5.2 User Guide. https://nepis.epa.gov/Exe/ZyPDF.cgi/P10157JD.PDF?Dockey=P10157JD.PDF Accessed November 21, 2024.

P:\Honeywell -SYR\452669 2021 OL PVM\09 Reports\9.1 2021 Annual Report\Rev 3\Tables\

Tables 3.3a and 3.3b_Yearly_Fish_Stats_formatted_revised_050525.xIsx

Page 2 of 2




Honeywell > PARSONS

TABLE 3.3b SUMMARY OF FISH TISSUE CHEMICAL CONCENTRATIONS: PREY FISH WHOLE BODY (2015-2021)

Taxon Chemical Name Year SRR Mean® 95% U?L 95% UCL Calculation Type
(detects) Value
2015 24 (23) 0.19 0.24 95% KM (t) UCL
2016 24 (23) 0.13 0.16 95% KM (t) UCL
Mercury (mg/kg) 2017 24 (24) 0.093 0.14 95% Adjusted Gamma UCL
2018 24 (14) 0.17 0.21 95% KM (t) UCL
2021 24 (24) 0.12 0.16 95% Adjusted Gamma UCL
2015 24 (24) 1.6 2.0 95% Student's-t UCL
2016 24 (24) 0.73 1.0 95% Adjusted Gamma UCL
Total PCBs (mg/kg) 2017 24 (24) 0.36 0.50 95% Adjusted Gamma UCL
Large Prey 2018 24 (23) 0.10 0.13 95% KM (t) UCL
Fish 2021 24 (24) 0.33 0.51 95% Adjusted Gamma UCL
2015 24 (24) 0.020 0.026 95% Adjusted Gamma UCL
Sum of DDT and 2017 24 (24) 0.016 0.021 95% Adjusted Gamma UCL
Metabolites (mg/kg) 2018 24 (20) 0.025 0.098 95% KM (Chebyshev) UCL
2021 24 (24) 0.024 0.039 95% Adjusted Gamma UCL
2015 24 (13) 0.0095 0.018 95% KM Adjusted Gamma UCL
Hexachlorobenzene 2017 24 (10) 0.0019 0.0023 95% KM (t) UCL
(mg/kg) 2018 24 (1) - - -
2021 24 (22) 0.00040 0.00053 95% KM (t) UCL
2015 24 (24) 0.14 0.16 95% Student's-t UCL
2016 24 (24) 0.087 0.099 95% Student's-t UCL
Mercury (mg/kg) 2017 24 (21) 0.057 0.074 95% KM (t) UCL
2018 24 (11) 0.072 0.087 95% KM (t) UCL
2021 24 (24) 0.071 0.079 95% Student's-t UCL
2015 24 (23) 0.16 0.39 KM H-UCL
2016 24 (24) 0.17 0.23 95% Adjusted Gamma UCL
Total PCBs (mg/kg) 2017 24 (24) 0.11 0.25 95% Chebyshev (Mean, Sd) UCL
Small Prey 2018 24 (24) 0.049 0.13 95% H-UCL
Fish 2021 | 24 | (24) 0.13 0.20 95% Standard Bootstrap UCL”
2015 24 (13) 0.0021 0.0029 95% KM Adjusted Gamma UCL
Sum of DDT and 2017 24 (23) 0.0052 0.0093 KM H-UCL
Metabolites (mg/kg) 2018 24 (24) 0.0061 0.0076 95% Student's-t UCL
2021 24 (24) 0.0028 0.0036 95% Standard Bootstrap UCL?
2015 24 (3) - - -
Hexachlorobenzene 2017 24 (3) - - —
(mg/kg) 2018 24 (0) - — ~
2021 24 (8) 0.000087 0.00011 95% KM (t) UCL
Notes:

1. For 2015 - 2018, mean and 95% UCL were calculated using ProUCL version 5.1. For 2021, mean and 95% UCL were calculated using ProUCL version 5.2. UCLs were
not calculated when 3 or fewer results were detects (USEPA,2015). 95% UCL is an estimate of the upper bound for the true population mean. For data sets with NDs,
the stated statistical method was used for handling NDs rather than the substitution method (i.e., one-half of the detection/reporting limit).

2.1n 2021, ProUCL version 5.2 suggested the 95% Student's-t UCL for datasets that did not follow a discernible distribution when all samples were detected. These
circumstances were reviewed, and the non-parametric 95% Standard Bootstrap UCL was determined to be a better fit for these datasets.

Abbreviations:

- Insufficient data to calculate Mean or 95% UCL; 3 or fewer results were detects
DDT: dichlorodiphenyltrichloroethane

KM: Kaplan-Meier

mg/kg: milligrams per kilogram

ND: non-detect

PCB: polychlorinated biphenyl

TEQ: toxicity equivalent quotient

References:

USEPA, 2015. ProUCL Version 5.1 User Guide. EPA/600/R-07/041 https://www.epa.gov/sites/production/files/2016-05/documents/proucl_5.1_user-guide.pdf
Accessed May 22, 2020.

USEPA, 2022. ProUCL Version 5.2 User Guide. https://nepis.epa.gov/Exe/ZyPDF.cgi/P10157JD.PDF?Dockey=P10157JD.PDF Accessed November 21, 2024.
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Honeywell - PARSONS

TABLE 3.4 MERCURY CONCENTRATIONS (MG/KG WET WEIGHT) IN ONONDAGA LAKE ZOOPLANKTON
COLLECTED AT SOUTH DEEP IN 2021

2021 Sampling | 0@ Mereury |y idation nANIeigLy:y Validation LB RS L
Date (me/kgwet | o olifier | (ma/kg wet Qualifier (as Percent of Total
weight) weight) Mercury)
May 11 * 0.002 J
June 15 * 0.0077
July 07 * 0.0061
July 20 * 0.0104
August 03 0.0251 0.0072 J- 29%
August 17 0.0245 0.007 J- 29%
August 31 0.0676 0.0078 12%
September 08 0.0421 0.0057 14%
September 14 0.0815 0.0053 7%
September 21 * 0.0148
September 28 * 0.0146
October 05 0.0132 0.0105 80%
October 12 0.0169 0.0057 34%
October 19 0.0583 0.0034 6%
October 27 * 0.0067
November 02 * 0.0019 J
November 10 * 0.0012 u
November 16 * 0.0071 J
November 23 0.133 0.003 2%

Notes:
U: not detected at reporting limit specified;
J: estimated concentration
J-: estimated concentration biased low
*: insufficient mass to analyze total mercury
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TABLE 4.1 SUMMARY OF MERCURY MEASURED DURING 2021 MNR COMPLIANCE EVENT SEDIMENT

SAMPLES
Location ID Field Sample ID | Depth (ft) Date Mercury Solids (%)
(mg/kg dry)

Littoral Zone

S306 OL-3707-09 0-0.5 05/21/2021 0.11 63.4
S93 OL-3706-02 0-0.5 05/20/2021 0.2 56.2
S94 OL-3706-01 0-0.5 05/20/2021 0.0571(J 46.9
S100 OL-3707-08 0-0.5 05/21/2021 0.0571(J 56.9
S112 OL-3707-07 0-0.5 05/21/2021 1.9 50.2
S373 OL-3707-02 0-0.5 05/21/2021 0.83(J 59.8
S371 OL-3707-06 0-0.5 05/21/2021 0.32(J 39
S361 OL-3706-15 0-0.5 05/20/2021 0.18(J 48
S364 OL-3706-12 0-0.5 05/20/2021 0.12(J 31.3
S67 OL-3706-14 0-0.5 05/20/2021 0.31(J 31.9
S26 OL-3707-05 0-0.5 05/21/2021 0.11 62.1
S367 OL-3707-03 0-0.5 05/21/2021 0.26 55
S61 OL-3707-04 0-0.5 05/21/2021 0.19 57
S329 OL-3707-10 0-0.5 05/21/2021 0.12 56.6
North Basin

OL-STA-80069 OL-3702-09 0-0.13 05/18/2021 0.63(J 24.2
OL-STA-80069 OL-3702-10 0.13-0.33 | 05/18/2021 1.1 26.3
OL-STA-80072 OL-3702-05 0-0.13 05/18/2021 0.54(J 26.6
OL-STA-80072 OL-3702-06 0.13-0.33 | 05/18/2021 1.4() 24.9
OL-STA-80225 OL-3702-01 0-0.13 05/18/2021 0.51(J 19.6
OL-STA-80225 OL-3702-02 0.13-0.33 | 05/18/2021 1)) 23.1
OL-VC-80157 OL-3702-03 0-0.13 05/18/2021 0.46(J 22.2
OL-VC-80157 OL-3702-04 0.13-0.33 | 05/18/2021 0.87(J 26.1
OL-STA-80067 OL-3703-06 0-0.13 05/19/2021 0.66(J 26.7
OL-STA-80067 OL-3703-07 0.13-0.33 | 05/19/2021 0.86(J 28.3
OL-STA-80068 OL-3703-12 0-0.13 05/19/2021 0.54(J 20.2
OL-STA-80068 OL-3703-13 0.13-0.33 | 05/19/2021 0.93(J 25.9
OL-STA-80070 OL-3703-14 0-0.13 05/19/2021 0.3]J 22.4
OL-STA-80070 OL-3703-15 0.13-0.33 | 05/19/2021 0.92(J 23.6
OL-SS-80002-SS OL-3704-14 0-0.13 05/19/2021 0.47(J 18.7
OL-SS-80002-SS OL-3704-15 0.13-0.33 | 05/19/2021 1.1 22.2
OL-STA-80071 OL-3704-16 0-0.13 05/19/2021 0.44(J) 21.1
OL-STA-80071 OL-3704-17 0.13-0.33 | 05/19/2021 1.3J 22.7
Ninemile Creek Outlet Area

OL-STA-80073 OL-3700-17 0-0.13 05/18/2021 0.6]J 28.1
OL-STA-80073 OL-3700-18 0.13-0.33 | 05/18/2021 1.2(J 27.5
OL-STA-80074 OL-3701-01 0-0.13 05/18/2021 0.42(J 30.5
OL-STA-80074 OL-3701-02 0.13-0.33 | 05/18/2021 1.6(J 29.5
OL-STA-80091 OL-3701-13 0-0.13 05/18/2021 0.44(J) 33.3
OL-STA-80091 OL-3701-14 0.13-0.33 | 05/18/2021 1.2(J 28.6
OL-STA-80227 OL-3701-15 0-0.13 05/18/2021 0.57(J 24.5
OL-STA-80227 OL-3701-16 0.13-0.33 | 05/18/2021 1.2(J 26.6
OL-VC-80046 OL-3701-11 0-0.13 05/18/2021 0.46(J 35.5
OL-VC-80046 OL-3701-12 0.13-0.33 | 05/18/2021 1)) 37.1
OL-VC-80047 OL-3701-05 0-0.13 05/18/2021 0.24(J) 329
OL-VC-80047 OL-3701-06 0.13-0.33 | 05/18/2021 0.46(J 43.6
OL-VC-80048 OL-3701-17 0-0.13 05/18/2021 0.18(J 40.8
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TABLE 4.1 SUMMARY OF MERCURY MEASURED DURING 2021 MNR COMPLIANCE EVENT SEDIMENT
SAMPLES (CONTINUED)

Location ID Field Sample ID | Depth (ft) Date Mercury Solids (%)
(mg/kg dry)

OLVC-80048 OL3701-18 | 0.13-0.33 | 05/18/2021 03 585
OLSTA-80226 0L3703-03 0-0.13 | 05/19/2021 0.65(7 253
OLSTA-80226 OL3703-04 | 0.13-0.33 | 05/19,/2021 13[J 26.9
Saddle
OLSTA.80075 OL-3700-15 0-0.13 | 05/18/2021 0.38) 288
OLSTA.80075 OL370016 | 0.13-0.33 | 05/18/2021 0.967 28.9
OLSTA-80103 0L3701-07 0-0.13 | 05/18/2021 0.43] 26.9
OLSTA-80103 OL3701-08 | 0.13-0.33 | 05/18/2021 14[J 257
OLSTA-80234 0L-3701-09 0-0.13 | 05/18/2021 0.42) 226
OLSTA-80234 OL3701-10 | 0.13-0.33 | 05/18/2021 1) 217
South Basin
OLSTA-80077 OL3700-11 0-0.13 | 05/18/2021 0.72]) 278
OLSTA-80077 OL370012 | 0.13-0.33 | 05/18/2021 15[) 277
OLVC-80044 0L-3700-01 0-0.13 | 05/18/2021 032) 31
OLVC-80044 OL370002 | 0.13-0.33 | 05/18/2021 1) 317
OLSTA-80229 0L-3702-07 0-0.13 | 05/18/2021 0.47) 246
OLSTA-80229 OL3702-08 | 0.13-0.33 | 05/18/2021 ar 22
OLVC-80045 0L3701-03 0-0.13 | 05/18/2021 0.22) 39
OLVC-80045 OL3701-04 | 0.13-0.33 | 05/18/2021 1) 358
OLSTA.80076 0L3703-01 0-0.13 | 05/19/2021 0.34) 244
OLSTA-80076 0L370302 | 0.13-0.33 | 05/19,2021 12[J 257
OLSTA.80078 0L3703-18 0-0.13 | 05/19/2021 0.45) 27
OLSTA.80078 0L370319 | 0.13-0.33 | 05/19,2021 1) 258
OL.STA-80080 0L-3703-08 0-0.13 | 05/19/2021 0.78) 252
OL.STA-80080 OL370309 | 0.13-0.33 | 05/19,2021 19[J 26.9
OLVC-80024 0L-3703-10 0-0.13 | 05/19/2021 0.36) 276
OLVC-80024 OL370311 | 0.13-0.33 | 05/19,2021 0.83) 26.7
OLVC-80079 0L3703-16 0-0.13 | 05/19/2021 0.28) 273
OLVC-80079 OL370317 | 0.13-0.33 | 05/19,2021 077 288
OL.STA-80081 0L3704-10 0-0.13 | 05/19/2021 0.44]) 224
OL.STA-80081 OL370411 | 0.13-0.33 | 05/19,2021 0.7 231
OL.STA-80084 OL3704-12 0-0.13 | 05/19/2021 0.250) 24.2
OL.STA-80084 OL370413 | 0.13-0.33 | 05/19,2021 12[J 214
OL.STA-80082 0L-3706-03 0-0.13 | 05/20/2021 0.34) 241
OL.STA-80082 OL3706-04 | 0.13-0.33 | 05/20,2021 ar 24
OL.STA.80083 OL-3706-05 0-0.13 | 05/20/2021 0.39) 251
OL.STA.80083 OL370606 | 0.13-0.33 | 05/20,2021 0.65) 247
ST51 OL-3706-09 0-0.13 | 05/20/2021 0.48|) 233
ST51 OL3706-10 | 0.13-0.33 | 05/20,2021 1) 22.2
South Corner
OLSTA-80085 OL-3700-05 0-0.13 | 05/18/2021 03] 295
OL.STA-80085 OL370006 | 0.13-0.33 | 05/18/2021 L 31.2
OL.STA-80237 OL-3700-09 0-0.13 | 05/18/2021 0.16J 477
OL.STA-80237 OL370010 | 0.13-0.33 | 05/18/2021 0.967 35
OLVC-80068 0L-3700-07 0-0.13 | 05/18/2021 0.39) 352
OLVC-80068 OL370008 | 0.13-0.33 | 05/18/2021 12[J 353
OLVC-80070 0L-3700-19 0-0.13 | 05/18/2021 0.967 38.9
OLVC-80070 OL370020 | 0.13-0.33 | 05/18/2021 18[J 38.9
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TABLE 4.1 SUMMARY OF MERCURY MEASURED DURING 2021 MNR COMPLIANCE EVENT SEDIMENT

SAMPLES (CONTINUED)

Location ID Field Sample ID | Depth (ft) Date Mereury | solids ()

(mg/kg dry)

OL-VC-80172 OL-3700-03 0-0.13 05/18/2021 0.35(J 325
OL-VC-80172 OL-3700-04 0.13-0.33 | 05/18/2021 0.94(J 32.4
OL-STA-80236 OL-3704-18 0-0.13 05/19/2021 0.29(J 28.4
OL-STA-80236 OL-3704-19 0.13-0.33 | 05/19/2021 1)) 26.2
OL-STA-80239 OL-3704-01 0-0.13 05/19/2021 0.36(J 32.1
OL-STA-80239 OL-3704-02 0.13-0.33 | 05/19/2021 1.3J 28.8
OL-VC-80039 OL-3704-05 0-0.13 05/19/2021 0.18(J 33.5
OL-VC-80039 OL-3704-06 0.13-0.33 | 05/19/2021 0.3]J 45.2
OL-VC-80040 OL-3704-03 0-0.13 05/19/2021 0.2]J 29.3
OL-VC-80040 OL-3704-04 0.13-0.33 | 05/19/2021 0.56(J 39.4
OL-VC-80071 OL-3704-08 0-0.13 05/19/2021 0.18(J 21.2
OL-VC-80071 OL-3704-09 0.13-0.33 | 05/19/2021 0.31(J 38.7
OL-VC-80051 OL-3705-05 0-0.13 05/19/2021 0.62(J 30.9
OL-VC-80051 OL-3705-06 0.13-0.33 | 05/19/2021 1.6(J 31
OL-VC-80062 OL-3705-03 0-0.13 05/19/2021 0.32(J 27.5
OL-VC-80062 OL-3705-04 0.13-0.33 | 05/19/2021 0.9]J 30
OL-VC-80177 OL-3705-01 0-0.13 05/19/2021 0.43(J 27.7
OL-VC-80177 OL-3705-02 0.13-0.33 | 05/19/2021 1.3J 26.1
OL-STA-80238 OL-3706-07 0-0.13 05/20/2021 0.34(J 28
OL-STA-80238 OL-3706-08 0.13-0.33 | 05/20/2021 0.98(J 44.3
OL-VC-80064 OL-3706-16 0-0.13 05/20/2021 0.21(J 25.8
OL-VC-80064 OL-3706-17 0.13-0.33 | 05/20/2021 1.4() 33.6
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Honeywell P PARSONS
TABLE 4.2 2021 SEDIMENT TRAP SLURRY MERCURY AND SOLIDS CONTENT RESULTS
Site Trap Deploy | Trap Recover Dgﬂ?;[r;int 32;3 2,:2 MS(;lrJ(:l:y ry TSS TSS FD TSS FD2 AVL?: ge DepToss?tion Cor?gg;il:z:{ion DZ::s)ilfcgn
Date Date (Days) (mL) Results (mg/L) (mg/L) (mg/L) (mg/L) (mg per m2 (mg/ke) (Mg per m2
(ng/L) per day) per day)

SD 5/7/2021 5/11/2021 4 136 0.5 1396 1300 1404 1367 10243 0.37 3.75
SD 5/11/2021 5/20/2021 9 138 1552 1928 2100 1860 6287
SD 5/20/2021 5/25/2021 5 128 0.5 2684 1860 1740 2095 11821 0.24 2.82
SD 5/25/2021 6/1/2021 7 113 2236 1924 3024 2395 8521
SD 6/1/2021 6/7/2021 6 140 0.05 2044 2320 2416 2260 11624 0.02 0.26
SD 6/7/2021 6/15/2021 8 113 1768 1972 2476 2072 6452
SD 6/15/2021 6/21/2021 6 124 0.05 536 472 516 508 2314 0.10 0.23
SD 6/21/2021 6/29/2021 8 118 2404 2300 1968 2224 7231
SD 6/29/2021 7/7/2021 8 131 0.05 1360 1320 1212 1297 4683 0.04 0.18
SD 7/7/2021 7/13/2021 6 97 1356 844 1216 1139 4058
SD 7/13/2021 7/20/2021 7 126 0.5 5612 5104 6092 5603 22231 0.09 1.98
SD 7/20/2021 7/27/2021 7 122 1232 1548 1292 1357 5215
SD 7/27/2021 8/3/2021 7 141 0.5 1040 884 900 941 4180 0.53 2.22
SD 8/3/2021 8/9/2021 6 137 1504 880 1208 1197 6027
SD 8/9/2021 8/17/2021 8 129 0.05 1476 1692 2032 1733 6161 0.03 0.18
SD 8/17/2021 8/24/2021 7 142 0.62 7160 10352 10168 9227 41259 0.07 2.77
SD 8/24/2021 8/31/2021 7 147 0.5 1724 1436 1632 1597 7394 0.31 2.31
SD 8/31/2021 9/8/2021 8 126 0.5 1856 2024 1988 1956 6791 0.26 1.74
SD 9/8/2021 9/14/2021 6 136 0.5 1404 1220 1156 1260 6296 0.40 2.50
SD 9/14/2021 9/21/2021 7 129 0.05 1252 1404 1348 1335 5422 0.04 0.20
SD 9/21/2021 9/28/2021 7 127 0.5 1500 1556 1356 1471 5882 0.34 2.00
SD 9/28/2021 10/5/2021 7 130 0.5 1048 732 1072 951 3892 0.53 2.05
SD 10/5/2021 10/12/2021 7 137 0.05 804 688 732 741 3198 0.07 0.22
SD | 10/12/2021 | 10/19/2021 7 132 0.5 14052 | 14250 12200 13501 56120 0.04 2.08

P:\Honeywell -SYR\452669 2021 OL PVM\09 Reports\9.1 2021 Annual Report\Rev O\Tables\Table 4.2_2021SedimentTrap.docx
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> PARSONS
Honeywell
TABLE 4.2 2021 SEDIMENT TRAP SLURRY MERCURY AND SOLIDS CONTENT RESULTS
Slurry TSS Mercury
. Trap Deploy | Trap Recover Deployr_nent S Mercury TSS TSS FD TSS FD2 e Deposition Mercury_ Deposition
Site Duration Volume Average Concentration
Date Date (Days) (mL) Results (mg/L) (mg/L) (mg/L) (mg/L) (mg per m2 (mg/ke) (Mg per m2
(bg/L) per day) per day)
SD | 10/19/2021 | 10/27/2021 8 129 0.5 7876 6704 7172 7251 25773 0.07 1.78
SD | 10/27/2021 | 11/2/2021 6 138 0.5 11272 11536 10324 11044 55993 0.05 2.54
SD 11/2/2021 | 11/10/2021 8 135 3084 3628 3328 3347 12449 - -
SD | 11/10/2021 | 11/16/2021 6 145 0.5 2908 3128 3060 3032 16152 0.16 2.66
South Deep Arithmetic Mean - - - - - - - 12988 0.19 1.72

Legend: SD - South Deep, TSS - total suspended solids.

Notes:
1)

()

P:\Honeywell -SYR\452669 2021 OL PVM\09 Reports\9.1 2021 Annual Report\Rev O\Tables\Table 4.2_2021SedimentTrap.docx
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Mercury concentration = slurry mercury average divided by TSS average times a units conversion of 1,000. Concentrations are based on dry weight. Calculations
of TSS and mercury deposition include the surface area of the sediment traps (45 square centimeters).
Solids and mercury deposition from June through September averaged 9,013 mg per square meter per day and 1.38 micrograms per square meter per day,
respectively. June through September is when the sediment traps are below the thermocline and not subject to mixing within upper waters.
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Honeywell

TABLE 4.3 COMPARISON OF HISTORIC LITTORAL ZONE DATA WITH 2021 COMPLIANCE DATA

1992/2000 Sampling

2021 Sampling (mg/kg)

Subarea Location ID

Depth (ft) mg/kg Depth (ft) mg/kg
S94 0.0-0.066 0.96 0.0-0.5 0.057 )
S100 0.0-0.066 0.36 0.0-0.5 0.057)

North Basin S112 0.0-0.066 1.1 0.0-0.5 1.9
S373 0.0-0.066 0.56J 0.0-0.5 0.83J

S93 0.0-0.066 0.39J 0.0-0.5 0.2

Ninemile Creek Outlet S306 0.0-0.5 0.69 0.0-0.5 0.11
Saddle S361 0.0-0.5 0.33 0.0-0.5 0.18J
S371 0.0-0.5 0.49J 0.0-0.5 0.32J

S61 0.0-0.066 0.94 0.0-0.5 0.19
South Basin S67 0.0-0.066 0.92 0.0-0.5 0.31J
S364 0.0-0.5 0.095 U 0.0-0.5 0.121J

S367 0.0-0.066 0.7) 0.0-0.5 0.26

South Corner S329 0.0-0.5 0.11J 0.0-0.5 0.12

S26 0.0-0.066 0.23 0.0-0.5 0.11

P:\Honeywell -SYR\452669 2021 OL PYM\09 Reports\9.1 2021 Annual Report\Rev O\Tables\Table 4.3 littoral zone comparison.xIsx
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Honeywell

TABLE 4.4 SURFACE SEDIMENT AREA-WEIGHTED AVERAGE MERCURY CONCENTRATION WITH 2021 COMPLIANCE DATA

Final Design Model-Predicted Surface Sediment Area-

Calculated Surface Sediment Area-Weighted Average

Sub-Basin Wegihted Average Mercury Concentration (mg/kg)* Mercury Concentration (mg/kg)>>
North Basin 0.70 0.64
Ninemile Creek Outlet Area 0.51 0.32
Saddle 0.63 0.39
South Basin 0.66 0.39
South Corner 0.50 0.36

Notes:

1. Model-predicted surface sediment area-weighted average mercury concentrations are reported for the end of 2021.

2. Surface sediment area-weighted concentrations calculated utilizing 2021 monitoring data, 2019 surface sediment data from the CSX area, 2019 cap data, and 2021

littoral zone data supplemented with PDI/RI data for locations not sampled in 2021.

3. Appendix 4C shows details of calculations .

P:\Honeywell -SYR\452669 2021 OL PVM\09 Reports\9.1 2021 Annual Report\Rev 1\Tables\
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Honeywell

TABLE 4.5 SEDIMENTATION RATES ESTIMATED FROM CORES COLLECTED FROM MICORBEAD PLOTS

Depth to Microbead Marker

Estimated Sedimentation Rate

Location ID Material (cm) ]
OL-MB-80093-A 8.5-11 (scattered) 0.18°
OL-MB-80093-B 9.0 0.20
OL-MB-80094-A 4.5 0.10
OL-MB-80094-B 1.5 0.03
OL-MB-80095-A 6.5 0.14
OL-MB-80095-B 5.5 0.12
OL-MB-80096-B 9.0 0.20
OL-MB-80096-C 12.5 0.27
OL-MB-80097-A 4.5 0.10
OL-MB-80097-B 5.0 0.11
OL-MB-80098-A 8.5 0.18
OL-MB-80098-B 10.0 0.22
OL-MB-80099-A 8.0 0.17
OL-MB-80099-B 10.0 0.22
OL-MB-80100-A 7.5 0.16
OL-MB-80100-B 9.0 0.20
OL-MB-80101-A 10.5 0.23
OL-MB-80101-B 12.0 0.26

Note:

a. The depth to microbead marker material was assumed to be 8.5 cm for estimating sedimentatation rate at this location.

P:\Honeywell -SYR\452669 2021 OL PVM\09 Reports\9.1 2021 Annual Report\Rev 1\Tables\
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Honeywell > PARSONS

TABLE 5.1 2021 NITRATE ADDITION SUMMARY

Date,/Locationt Metric Tons (as N) of Application Water Dilution Water
CN-8 Applied? Depth? (feet) to CN-8 Volume Ratio*
July 20/ S1 2.09 60 244
July 22 /S2 2.15 60 271
July 26/ S1 2.00 60 271
July 28 / S2 2.09 60 250
August2 / N 1.67 55 290
August 4 / S1 2.09 60 340
August 10 / S2 2.09 60 328
August 30 / S2 2.09 60 299
September 1/ S1 2.09 60 231
September 7 / S1 2.09 60 318
September 9 / S2 2.09 60 297
September 13 / S1 1.52 60 296
September 15/ N 2.09 55 330
September 16 / S2 2.09 60 324
September 20 / S2 2.09 60 307
September 22 / N 2.09 55 319
September 23 / S1 2.09 60 336
September 27 / S2 1.22 60 385
September 28 / S2 0.87 60 431
September 29 / N 2.16 55 413
September 30 / S1 1.97 60 427
October 4 / S1 0.78 60 534
October 5/ S1 1.45 60 523
October 6 / S1 2.10 60 458
October 7 / S1 0.98 60 519

181 is the South Location 1, S2 is the South Location 2, and N is the North Location (Figure 5.1)
21 metric ton = 2,204.6 Ibs

3 Same as target depth presented in Appendix 5A

4 Same as dilution factor presented in Appendix 5A

P:\Honeywell -SYR\452669 2021 OL PYM\09 Reports\9.1 2021 Annual Report\Rev 1\Tables\
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Honeywell

TABLE 5.2 ONONDAGA LAKE MONITORING SCOPE FOR 2021 NITRATE ADDITION

P PARSONS

Sediment Trap

Date South Deep # of Anal_ysis F_ic_eld Nitratg Zooplankton Mercury (10 m
(Week of?:) Depths Sampled Suite Profiling Locations
water depth)

3/29/2021 3

4/5/2021 2

4/12/2021 2

4/19/2021 2

4/26/2021 3

5/3/2021 2

5/10/2021 3 2,3 2 X X
5/17/2021 2 X
5/24/2021 X
5/31/2021 11 X

6/7/2021 11 X
6/14/2021 3 2,3 11 X X
6/21/2021 11 X
6/28/2021 3 2,3 11 X

7/5/2021 5 1,3,4 34 X X
7/12/2021 4 2,3 34,11 X
7/19/2021 5 1,3,4 34,11 X X
7/26/2021 4 2,3 34,11 X

8/2/2021 5 1,3,4 34,11 X X

8/9/2021 4 2,3 34,11 X
8/16/2021 5 1,3,4 34,11 X X
8/23/2021 4 2,3 34,11 X
8/30/2021 5 1,3,4 34,11 X X

9/6/2021 4 2,3 34,11 X X
9/13/2021 5 1,3,4 34,11 X X
9/20/2021 4 2,3 34,11 X X
9/27/2021 5 1,3,4 34,11 X X
10/4/2021 4 2,3 34,11 X X
10/11/2021 5 1,3,4 34,11 X X
10/18/2021 4 2,3 34,11 X X
10/25/2021 5 2,3,4 34 X X
11/1/2021 4 2,3 34 X X
11/8/2021 5 1,3,4 34 X X
11/15/2021 3 2,3 11 X X
11/22/2021 3 2,3 11 X

1.
2.

1: LLHg/meHg; 2: LLHg/meHg/diss-Hg; 3: NOx/NO2/ t-NHs, 4: SRP
Additional Notes:

Sediment traps were deployed typically for seven days.

Sediment trap results for 2021 are reported in Section 4 of this report.
3. Summer thermal stratification extended through November 6, 2021; however, the lake remained density/chemically
stratified until November 19, 2021.

P:\Honeywell -SYR\452669 2021 OL PVYM\09 Reports\9.1 2021 Annual Report\Rev O\Tables\Tables_5.2_through_5.5_042122.docx
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P PARSONS

TABLE 5.3 KEY NITRATE ADDITION INTER-ANNUAL VARIATIONS IN ONONDAGA LAKE

. Metric Tons of Duration of

Spring Turnover . .
Year . Calcium-Nitrate Summer

Nitrate-N, mg/L . o

Applied Stratification, days*

2011 2.0 88 184
2012 2.6 72 163
2013 2.9 63 178
2014 2.3 57 167
2015 2.5 56 180
2016 2.5 67 191
2017 2.2 88 203
2018 1.6 105 172
2019 1.7 118 168
2020 2.3 78 176
2021 3.3 46 188

* The duration of stratification is calculated from South Deep buoy profiles as the number of consecutive
days with a temperature difference of at least 1°C between the surface and bottom waters. The lake was

temperature stratified from May 3 to November 6, 2021; salinity stratification persisted until

November 19.
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P PARSONS

TABLE 5.4 2021 MERCURY CONCENTRATIONS (NG/L) IN SURFACE WATER NEAR THE LAKE BOTTOM

AT THE 18-METER WATER DEPTH AT SOUTH DEEP, ONONDAGA LAKE

2021 Sampling Total Validation Methyl Validation
Collection Date Mercury Qualifier Mercury Qualifier
11-May 0.58 0.026 u
15-Jun 0.48 J 0.026 u
29-Jun 2.34 0.026 u
7-Jul 1.10 J+ 0.026 u
13-Jul 1.24 0.026 u
20-Jul 0.61 0.025 u
27-Jul 0.20 J 0.026 u
3-Aug 0.60 0.026 u
9-Aug 0.08 uJ 0.111 J

17-Aug 0.57 0.060

24-Aug 0.49 J 0.043 J

31-Aug 0.31 J 0.026 u
8-Sep 1.00 0.060

14-Sep 1.36 0.093

21-Sep 1.04 0.026 u

28-Sep 0.97 0.089
5-Oct 0.83 u NA*

12-Oct 1.19 0.060

19-Oct 0.80 0.080

27-Oct 0.95 0.050 u
2-Nov 1.42 0.104

10-Nov 1.36 0.041 J

16-Nov 1.15 0.050 J-

23-Nov 1.09 0.041 J

* Samples collected on October 5 were improperly preserved and could not be analyzed for methylmercury.

U - not detected at reporting limit specified

J - estimated concentration

J+ - estimated concentration that may have positive bias

J- - estimated concentration that may have negative bias

UJ - not detected at reporting limit specified and is estimated concentration
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P PARSONS

TABLE 5.5 2021 DISSOLVED MERCURY CONCENTRATIONS (NG/L) IN SURFACE WATER AT THE

2-METER WATER DEPTH AT SOUTH DEEP, ONONDAGA LAKE

Total Dissolved Validation

2021 Sampling Collection Date T Qualifier
5/11/2021 0.23 J
6/15/2021 0.64 (0.36) J

6/29/2021 2.15

7/13/2021%* R
7/27/2021 0.09 J
8/9/2021 0.08 uJ
8/24/2021 0.48 (1.02) J
9/8/2021* R
9/21/2021 0.27 (0.47) J
10/5/2021 0.5 (0.62) uJ
10/19/2021 0.42 (0.5) J
10/27/2021 0.35 (0.26) J
11/2/2021 0.45 (0.48) J
11/10/2021 1.02 (0.5) J
11/16/2021 0.36 (0.42) J
11/23/2021 0.29 (0.27) J

U - not detected at reporting limit specified

J - estimated concentration
R - rejected

Note: Values in parentheses are from field duplicate samples.

* Rejected data on 7/13/2021 and 9/8/2021 include both the parent sample and the field duplicate sample.
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Honeywell ) PARSONS

TABLE 6.1 2021 CAP THICKNESS MEASUREMENTS

Deslgn®/Target® Thickness (Inches) Measured Thickness (inches)
; Erosion ’
" Model . HL:"':" Protection waﬂ':?;‘"f_:' o | Totl Core A Thickness Core B Thickness Core C Thickness
om. Area | 0% | Zone Location ID Cap Type y Loyort 7 Comment
Chermlcal Overlyin Native Plug | Habitat Chermlcal Overlyin Native Plug | Habitat Chemical Overlying Native Plug
Hebitat Layer | (o o\otion Layer | O Sedlmerﬁ VN Layer | isoletion Layer | "% Sedlmerﬁ o/’ Leyer | Isolation Layer | O Sedlmerﬁ w/m®
oA AL 1 OLRAA0033 Multi-ayer 12/9 12 24/21 38 ) y 32 [ y 36 [) y
AL 1 OLRAA0034 Multi-ayer 12/9 12 24/21 28 0 y 31 0 y 24 o y

RAC RAC-LC 1 OLRAC0056 GAC Direct App. [ 5 0 Y 3 0 y
RAC-LC 1 OLRAC0057 GAC Direct App. [ 9 0 y ] [ y
DCenter |2 OLRAD00L7 Multi-fayer 12/9 ) 24/21 ) 3 25 025 v 10 20 30 0 v
DeEast 1 OLRAD0033 Multi-ayer 12/9 12 24/21 26 1 v 23 0.25 v
e D-East 2 OLRAD0036 Multi-ayer 12/9 12 24/21 el 19 30 0 n 12 15 27 3 n
g Dswu2 | 1 OLRAD-0051 Multi-ayer 12/9 ) 24/21 55 0 n 28 0 v
5 RA-D-2 1 OL-RAD-0052 MPC Multi-layer 10.5/7.5 75 18/15 16 0.25 v 34 0 v

2 Drillers noted core B felt like it

3 DEast 1 OL-RAD-0053 Multi-layer 12/9 12 24/21 35 0.25 y 58 o n 35 1.25 y went in sideways, so they took

g a third core.

&’ D-East 2 OL-RAD-0054 Multi-layer 18/9 12 30/21 18 20 38 1 v 11 16 26 0 v
RAD-18 1 OLRAD0055 MPC Monolayer 45 40 <25 v ) <25 v
RA-D-1B 1 OL-RAD-0056 MPC Monolayer 45 53 0 y 47 0.25 y
E1(8) 2 OLRAE-0020A Multi-layer 12/9 12 24/21 18 17 35 025 Y 9 11 20 0 y
E-1(6) 2 OLRAE0020C Multi-layer 12/9 ) 24/21 16 7 33 2 v B 7 25 2 v
E1(B) 1 OLRAE-0021 Multiaver 12/9 6 18/15 18 6 v 24 0 v
E-1(B) 2 OL-RAE-0022 Multi-layer 12/9 12 24/21 12 19 31 1 y 17 11 28 3 y
E1(8) 2 OLRAE-0022D Multi-ayer 12/9 12 24/21 s 10 18 0 v 11 10 21 0 y
w E-1(B) 2 OL-RAE-0022E Multi-layer 12/9 12 24/21 8 7 15 0 y 10 11 21 0 y
e E-1(B) 2 OL-RAE-0022G Multi-layer 12/9 12 24/21 8 8] 16 0 y 6 8] 14 0 y
< E-1(B) 2 OL-RAE-00221 Multi-layer 12/9 12 24/21 10 13 23 0 y 9 8 17 0 y
—g E-3 1 OL-RAE-0025 Multi-layer 12/9 6 15 14 0.5 y 12 2 y
3 E-1(B) 2 OL-RAE-0058 Multi-layer 12/9 12 24/21 6 9 15 2 y 4 6 10 0 y
£ E1(8) 2 OLRAE-0061 Multi-ayer 12/9 12 24/21 7 18 25 0 v 6 13 19 0 y
L3 E-1(B) 2 OL-RAE-0062 Multi-layer 12/9 12 24/21 A8 48 0 n 48 2 50 0 n
E4(8) 2 OLRAE-0063 Multi-layer 12/9 12 24/21 11 16 27 0 v 20 16 36 3 y
E-1(B) 2 OL-RAE-0064 Multi-layer 12/9 12 24/21 7 27 34 0.5 y 10 16 26 8 n
E1(8) 2 OLRAE-0065 Multi-ayer 12/9 12 24/21 13 19 32 025 v 9 15 24 0 y
E-1(B) 2 OL-RAE-0066 Multi-layer 12/9 12 24/21 7 9 16 0 y 5 8 13 0 y
E3 2 OLRAE0067 Multi-layer 12/9 12 24/21 10 15 25 0 M 10 15 25 0 v

[ Measured thickness s less than the minimum target thickness specified in the OLMMP.

“The coarsest substrates in Zones 1, 2, and 3 are sand, fine gravel and coarse gravel/cobble, respectively.

? Design thickness specified as a minimum.

* Listed thickness is the target minimum thickness specified in the OLMMP

“When the habitat and erosion protection layer are the same substrate, the total thickness of this habitat/erosion protection layer is listed under the habitat laer.

©The presence of a plug of native sediment in the bottom of the core indicates the core fully penetrated the cap material, allowing measurement of the total cap thickness.

“Design thickness for MERC monolayer caps is specified as an average thickness over the cap area.
NA - Not applicable
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TABLE 7.1 2021 TRIBUTARY SURFACE WATER SAMPLING FLOW DATA

= PARSONS

Sampling Event 1 Sampling Event 2 : Sampling Event 3 2 Sampling Event 4 3
Site Location

Date Flow (cfs) Date Flow (cfs) Date Flow (cfs) Date Flow (cfs)
ONCK-SPENCER
ONCK-HIA 1/5/2022 238°
NMCK-RTE48 a

8/3/2021 96.3
LEYCK-PARK
HB-BASELINE-NEW 5 6 12/15/2021 220.3°
9/14/2021 188.2 11/17/2021 375.4

UHB-OFFISTE-01
BB-BASELINE N/A N/A
SC-BASELINE N/A N/A
T5A-BASELINE-NEW N/A N/A
TH5A-SW-15-NEW N/A N/A

Notes:

1. Sampling Event 2 coincided with Pre-turnover lake sampling event
2. Sampling Event 3 coincided with Post-turnover lake sampling event

3. Sampling Event 4 consisted of 2 sampling dates due to bottle breakage associated with first sampling date.
4. Low flow (less than median flow or less than 132 cfs)
5. Standard flow (flow greater than 132 cfs, less than 225 cfs)

6. High flow (upper quartile of flow distribution or greater than 225 cfs)

Median flow and upper flow of distribution calculated using all daily average flow from USGS gage Onondaga Creek at Spencer from 9/1/1970 to 1/5/2022
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TABLE 7.2 TOTAL PCBs AND TOTAL SUSPENDED SOLIDS RESULTS FOR 2021 TRIBUTARY SURFACE WATER SAMPLING

Period Location Sample Date Sample No. of Congeners Total No. of Total PCBs¥? |Total Suspended Solids
Depth (ft) Sampled For Congeners Detected (ng/L) (mg/L)

HB-BASELINE-NEW 8/3/2021 1 168 27 0.80 2.6 J
LEYCK-PARK 8/3/2021 1.5 168 101 59 3.4

Tributary-Event 1 NMC-RTE48 8/3/2021 2 168 29 0.96 25
ONCK-HIA 8/3/2021 1.5 168 19 0.48 6.4
ONCK-SPENCER 8/3/2021 1.15 168 9 0.10 7
UHB-OFFSITE-01 8/3/2021 1 168 31 1.1 1.9 J
BB-BASELINE 9/14/2021 0.75 168 40 1.8 3.1
HB-BASELINE-NEW 9/14/2021 0.9 168 39 1.3 5
LEYCK-PARK 9/14/2021 1.5 168 105 71 6.2
NMC-RTE48 9/14/2021 1.9 168 41 1.7 20

Tributary-Event 2 ONCK-HIA 9/14/2021 1 168 6 0.076 88
ONCK-SPENCER 9/14/2021 1.5 168 5 0.078 60
SC-BASELINE-NEW 9/14/2021 0.5 168 3 0.061 5.6
T5A-BASELINE-NEW 9/14/2021 0.3 168 67 7.8 3.7
T5A-SW-15-NEW 9/14/2021 0.25 168 77 9.2 2.4 J
UHB-OFFSITE-O1 9/14/2021 1.25 168 37 1.1 2.2 J
BB-BASELINE 11/17/2021 1.9 168 43 1.6 2.3 J
HB-BASELINE-NEW 11/17/2021 2 168 48 1.7 11 J
LEYCK-PARK 11/17/2021 2 168 73 15 5.3
NMC-RTE48 11/17/2021 2.2 168 40 1.6 26

Tributary-Event 3 ONCK-HIA 11/17/2021 1 168 2 0.029 37
ONCK-SPENCER 11/17/2021 1.5 168 3 0.030 42
SC-BASELINE-NEW 11/17/2021 1.4 168 8 0.19 1.9 J
T5A-BASELINE-NEW 11/17/2021 2 168 47 3.1 2.2 J
TH5A-SW-15-NEW 11/17/2021 0.45 168 68 5.5 3 8]
UHB-OFFSITE-0O1 11/17/2021 1 168 26 0.61 13
HB-BASELINE-NEW 12/15/2021 1.25 168 14 0.24 4.7 J
LEYCK-PARK 12/15/2021 1.7 168 72 21

) NMC-RTE48 1/5/2022 2.25 168 1 0.0091 4.8

Tributary-Event 4
ONCK-HIA 1/5/2022 1.5 168 13 0.22 3
ONCK-SPENCER 1/5/2022 1.75 168 1 0.032 6.1
UHB-OFFSITE-O1 12/15/2021 1.5 168 20 0.42 4.2

Notes:

1. When calculating Total PCBs, ND=0.

2. Goals for PCB concentration of 0.12 ng/L for the Protection of Wildlife and 0.001 ng/L for the protection of human health via fish consumption.
J: estimated concentration

U: not detected at specified reporting limit
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Honeywell

TABLE 7.3 LAKE AND TRIBUTARY AVERAGE PCB CONCENTRATIONS

Average Total PCB

Location Concentration(ng/L)
Sawmill Creek 0.13
Bloody Brook 1.72
Ley Creek 41.49
Onondaga Creek - Spencer (Upstream) 0.06
Onondaga Creek - Hiawatha (Downstream) 0.2
Upper Harbor Brook (Upstream) 0.8
Harbor Brook (Downstream) 1.02
Tributary 5A SW 15 (Upstream) 7.31
Tributary 5A Baseline (Downstream) 5.43
Ninemile Creek 1.06
Lake Average 1.43
Lake Average (without OL-RAE-SW-03) 0.63
Rainwater 0.07

; PARSONS
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Honeywell

TABLE 7.4 TOTAL PCBs AND TOTAL SUSPENDED SOLIDS RESULTS FOR 2021 IN-LAKE WATER SAMPLING

= PARSONS

: . Sample No. of Congeners Total No. of Total PCBs™ | Total Suspended
Period Location Sample Date Depth (ft) Ssampled For Congeners (/L) Solids (mg/L)
Detected
North Deep 9/14/2021 6.6 168 17 0.37 1.3 J
South Deep 9/14/2021 6.6 168 25 0.71 1.8 J
OL-RAA-SW-01 9/14/2021 1.6 168 14 0.26 5.5
OL-RAB-SW-01 9/14/2021 1.6 168 18 0.37 1.4 J
OL-RAB-SW-02 9/14/2021 1.6 168 14 0.27 2 J
OL-RAC-SW-01 9/14/2021 6.6 168 18 0.43 1.8 J
Pre-Turnover
OL-RAC-SW-02 9/14/2021 3.3 168 18 0.36 1.1 J
OL-RAD-SW-01 9/14/2021 4.9 168 19 0.45 1.7 J
OL-RAD-SW-02 9/14/2021 2.5 168 19 0.45 1.6 J
OL-RAE-SW-01 9/14/2021 1.6 168 22 0.53 1.7 J
OL-RAE-SW-02 9/14/2021 1.6 168 24 0.78 1.5 J
OL-RAE-SW-03 9/14/2021 1.6 168 60 13 14 J
North Deep 11/17/2021 6.6 168 27 1.0 3.9
South Deep 11/17/2021 6.6 168 32 1.2 4.1
OL-RAA-SW-01 11/17/2021 1.6 168 12 0.21 3.4
OL-RAB-SW-01 11/17/2021 1.6 168 27 0.96 3.3
OL-RAB-SW-02 11/17/2021 3.3 168 26 0.91 21 J
OL-RAC-SW-01 11/17/2021 9.8 168 30 1.1 3.1
Post-Turnover

OL-RAC-SW-02 11/17/2021 3.3 168 27 0.92 2.7 J
OL-RAD-SW-01 11/17/2021 3.3 168 23 0.81 1.9 J
OL-RAD-SW-02 11/17/2021 4.9 168 26 0.87 2.2 J
OL-RAE-SW-01 11/17/2021 1.6 168 25 0.68 3
OL-RAE-SW-02 11/17/2021 8.2 168 12 0.17 16
OL-RAE-SW-03 11/17/2021 3.3 168 62 7.2 3

Notes:

1. When calculating Total PCBs, ND=0.
2. Goals for PCB concentration of 0.12 ng/L for the Protection of Wildlife and 0.001 ng/L for the protection of human health via fish consumption.

J: estimated concentration

U: not detected at specified reporting limit
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Honeywell

TABLE 7.5 TOTAL PCBs RESULTS FOR 2021 RAINWATER SAMPLING

) PARSONS

No. of Total No. of Total
Period Location Sample Date | Congeners Congeners pCAs’2
Sampled For Detected S
Precip-Event1 OL-RAIN-01 8/19/2021 168 0.023
Precip-Event2 OL-RAIN-01 9/23/2021 168 ND
Precip-Event3 OL-RAIN-01 11/12/2021 168 0.12

Notes:

1. When calculating Total PCBs, ND=0.

2. Goals for PCB concentration of 0.12 ng/L for the Protection of Wildlife and 0.001 ng/L for the protection of human health
via fish consumption
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Honeywell

TABLE 7.6 MERCURY RESULTS FOR 2021 IN-LAKE SURFACE WATER SAMPLING

) PARSONS

) ) Sample ) Dissolved
Period Location ID Depth (f0) Units Mercury™> Mercury Methyl Mercury
Sample Date

North Deep 09/14/2021 6.6 ng/L 0.63 0.94 0.05 U
South Deep 09/14/2021 6.6 ng/L 0.65 J 0.77 0.118 J
OL-RAA-SW-01 09/14/2021 1.6 ng/L 0.76 1.93 0.076
OL-RAB-SW-01 09/14/2021 1.6 ng/L 0.81 1.02 0.05 U
OL-RAB-SW-02 09/14/2021 1.6 ng/L 0.84 1.23 0.214

Pre-Turnover OL-RAC-SW-01 09/14/2021 6.6 ng/L 0.65 0.91 0.11
OL-RAC-SW-02 09/14/2021 3.3 ng/L 0.76 1.01 0.259
OL-RAD-SW-01 09/14/2021 4.9 ng/L 0.77 1.75 0.087
OL-RAD-SW-02 09/14/2021 2.5 ng/L 1.34 1.14 0.072
OL-RAE-SW-01 09/14/2021 1.6 ng/L R 1.03 0.198
OL-RAE-SW-02 09/14/2021 1.6 ng/L R 0.97 0.061 U
OL-RAE-SW-03 09/14/2021 1.6 ng/L 1.68 1.23 0.054 U
North Deep 11/17/2021 6.6 ng/L 0.17 J 0.79 0.032 J
South Deep 11/17/2021 6.6 ng/L 0.21 J 0.96 0.077 J
OL-RAA-SW-01 11/17/2021 1.6 ng/L 0.18 J 1.06 0.036 J
OL-RAB-SW-01 11/17/2021 1.6 ng/L 0.18 J 0.9 0.038 J
OL-RAB-SW-02 11/17/2021 3.3 ng/L 0.16 J 0.59 0.026 U
OL-RAC-SW-01 11/17/2021 9.8 ng/L 0.16 J 0.71 0.031 J

Post-Turnover
OL-RAC-SW-02 11/17/2021 3.3 ng/L 0.18 J 0.6 0.038 J
OL-RAD-SW-01 11/17/2021 3.3 ng/L 0.15 J 0.53 0.035 J
OL-RAD-SW-02 11/17/2021 4.9 ng/L 0.27 J 0.58 0.027 J
OL-RAE-SW-01 11/17/2021 1.6 ng/L 0.18 J 0.82 0.041 J
OL-RAE-SW-02 11/17/2021 8.2 ng/L 0.15 J 1.65 0.046 J
OL-RAE-SW-03 11/17/2021 3.3 ng/L 0.51 3.18 0.064

Notes:

1. Goal for dissolved mercury concentrations for the protection of wildlife is 2.6 ng/L or lower.

2. Goal for dissolved mercury concentrations for human health via fish consumption is 0.7 ng/L or lower.
J: estimated concentration

R: rejected

U: not detected at specified reporting limit
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IN LAKE AND WETLAND PLANTED AREAS

COVER TYPE 2021 ACRES
OPEN FIELD/SCRUB SHRUB UPLAND 0.32
—SCRUB SHRUB WETLAND 0.06
EMERGENT WETLAND 5.19
AQUATIC BED/FLOATING AQUATICS 12.79
UNCONSOLIDATED BED 0
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TOTAL WETLAND ACREAGE TEMPORARILY LOST DURING
REMEDIATION THAT REQUIRED RESTORATION OF THE NINEMILE
CREEK SPITS TO MEET MITIGATION SUCCESS CRITERIA IS 19
ACRES (TABLE 7.5A OF THE OLMMP).

MITIGATION WETLAND ACREAGE WILL BE ACCESSED
HOLISTICALLY ACROSS RESPECTIVE SITES THAT COMPROMISE
THE MITIGATION AREAS TO DETERMINE IF MITIGATION ACREAGES
HAVE BEEN ATTAINED.

COVER TYPE AREAS ARE ESTIMATED BASED ON QUALITATIVE
AND QUANTITATIVE MONITORING EFFORTS CONDUCTED IN 2021,
QUALITATIVE COVER TYPES ARE ESTIMATED ANNUALLY AND ARE
NOT USED IN WETLAND MITIGATION ACCOUNTING. IN 2021, A
FORMAL YEAR FIVE WETLAND DELINEATION WAS CARRIED OUT
PER USACOE (USACOE, 2012> AND NYSDEC (NYSDEC, 1993
METHODS AND IS INCLUDED IN APPENDIX C OF THIS REPORT.
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IN LAKE AND WETLAND PLANTED AREAS

2021 ACREAGES

COVER TYPE QUTBOARD  25' BUFFER
UPLAND 2.06 0.01
SCRUB SHRUB WETLAND 1.18 —
EMERGENT WETLAND 7.51 0.21
AQUATIC BED/FLOATING AQUATICS 2.04 0.23
UNCONSOLIDATED BED 1.66 1.82

NOTES:
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WASTEBED B/HARBOR BROOK OUTBOARD AREAS.

2. TOTAL WETLAND ACREAGE TEMPORARILY LOST DURING REMEDIATION THAT
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MITIGATION SUCCESS CRITERIA IS 7.5 ACRES (TABLE 7.5A OF THE OLMMP).

3. MITIGATION WETLAND ACREAGE WILL BE ACCESSED HOLISTICALLY ACROSS
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MITIGATION ACREAGES HAVE BEEN ATTAINED.

4. THE DATA FROM THE VEGETATION MONITORING PROGRAM ARE USED TO
ESTIMATE ANNUAL WETLAND ACRES BASED ON VEGETATIVE COVER TYPES IN
YEARS WHERE A FORMAL SURVEY OR DELINEATION ARE NOT REQUIRED. IN YEAR
THREE FOLLOWING, A FORMAL WETLAND SURVEY WILL BE PERFORMED BY A
CERTIFIED WETLAND DELINEATOR BASED ON VEGETATION AND HYDROLOGY. IN
YEAR FIVE, A WETLAND DELINEATION CARRIED OUT PER USACOE (USACOE,
2012) AND NYSDEC (NYSDEC, 1995) METHODS WILL BE COMPLETED IN YEAR
FIVE TO QUANTIFY WETLAND MITIGATION ACREAGE, AS PER THE OLMMP.
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Plot Notes

* 95%UCL: estimate of the upper bound for the true population mean; calculated using ProUCL Version 5.1 for years prior to 2021
and using ProUCL Version 5.2 for 2021; not calculated when 3 or fewer results were detects. For data sets with NDs, ProUCL
selected the statistical method. The substitution method (i.e., one-half of the MDL or RL) was not used.

* Mean: mean or average concentration; calculated by ProUCL using the same statistical method used for 95%UCL unless 3 or
fewer results were detects. In that case, for plots showing the 95%UCL, the arithmetic mean was calculated with non-detects
substituted at 1/2 MDL for mercury and 1/2 RL for most organic analytes (substitution method). The arithmetic mean was also
calculated using the substitution method for all standard error plots.

* Median: median or midpoint concentration

» 25th and 75th Percentiles: concentrations below which 25% and 75% of concentrations are found. The lower whisker extends to

Box and Whisker Plot the minimum or smallest value within Q1 minus 1.5 times the IQR, whichever is higher. The upper whisker extends to the
maximum or largest value within Q3 plus 1.5 times the IQR, whichever is lower.

* IQR: Interquartile Range — the range between the 25t and 75t percentiles.

« A Open symbol indicates 3 or fewer results were detects in box and whisker plots, and ND in standard error plots.

75th Percentile *  “ND" indicates all results were non-detects and no statistics are shown.
+15*IQR « Data source: 2008 through 2011 Baseline Monitoring Program and 2012 through 2021 Remedial Goal Monitoring.

Analyte-Specific Details

75th * Total PCB is the sum of detected Aroclors. If all Aroclors are non-detects, 1/2 the maximum RL is used.

> o + For Dioxin/Furan Total TEQ, non-detects summed at 1/2 MDL, except for 2014 and 2015, which used 1/2 RDL; plots for 2021
Percentile 95%UCL

o data show non-detects at 0 and 1/2 MDL. TEQs calculated using the World Health Organization 2005 human and mammalian
toxic equivalency factors (TEFs) from Van den Berg et al. (2006).
A Mean « 2010 organic analyte data are excluded from temporal plots due to analytical issues.
« 2019 and 2020 data are excluded due to incomplete homogenization.
« Dioxin/furans, DDT and metabolites, and hexachlorobenzene were not analyzed on an annual basis.
el Median * Nitrate addition began in 2011.

25t —> Fish Details

Percentile «  Sport fish for comparison to human health criteria and targets
- Smallmouth Bass, Walleye, Pumpkinseed, and Common Carp
- Collection of Common Carp began in 2014
- NYSDEC standard fillets
* Small prey fish for comparison to ecological criteria and targets
th : - Primarily Banded Killifish but Golden Shiner, Brook Silverside, Minnow, Bluntnose Minnow, and Round Goby were
25t Percentile ; . ; ;
- * collected if Banded Killifish are unavailable (Alewife excluded).
-15*1QR - Whole body composite samples
« Large prey fish for comparison to ecological criteria and targets
- White Sucker and Shorthead Redhorse
- Collection began in 2014
- Individual whole-body samples
»  Allages and both sexes were combined.
* In 2012, in-lake remediation began in late July; small prey fish were sampled in early August, and remaining species were
sampled in mid-June to early-July.
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ANCHOR Figure 3.2

QEA &< Nomenclature, Data Treatment, and Analyte-Specific Details
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Number of samples provided above the plot with number of detected results in parentheses.
Non-detectresultsaresetto 1/2MDL. e Ecological Performance Criterion (0.14 mg/kg) Non-detect

—-==Human Health Performance Criteria (0.2 to 0.3 mg/kg) @® Detect
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ANCHOR Figure 3.3
QEA & Box and Whisker Plots of Mercury Concentrations in Onondaga Lake Fish (2021)
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Number of samples provided above the plot with number of detected results in parentheses.

TPCB is the sum of detected Aroclors. If all Aroclors are non-detect, the result value is set to 1/2 the maximum RL for all Aroclors.= = = = = Ecological Target (0.19 mg/kg) Non-detect

=== Human Health Target (0.04 to 0.3 mg/kg) @® Detect
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ANCHOR Figure 3.4
QEA & Box and Whisker Plots of Total PCB Concentrations in Onondaga Lake Fish (2021)
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Figure 3.5

Box and Whisker Plots of Hexachlorobenzene Concentrations in Onondaga Lake Fish (2021)
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