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WORK PLAN 
ONONDAGA LAKE  

LONG-TERM CAP MONITORING 

1.0  INTRODUCTION 

This work plan describes data to be collected beginning in 2017 related to long-term cap 
monitoring  activities for Onondaga Lake. As detailed in Section 6 of this Monitoring and 
Maintenance Plan (OLMMP), long-term cap monitoring will include: 

 Routine monitoring of capped areas 

 Event-based monitoring of capped areas, if required based on triggering events 

 Additional monitoring and/or sampling of capped areas based on the results of routine 
and/or event-based monitoring, referred to herein as response action monitoring 

This work plan describes the routine monitoring program, which includes both physical and 
chemical monitoring of capped areas. Work plan(s) related to event-based or response action 
monitoring will be developed in the future, if necessary, and will be subject to New York State 
Department of Environmental Conservation (NYSDEC) approval. Routine monitoring results that 
would trigger response action monitoring are detailed in Section 6 of this OLMMP. Descriptions 
of the field and analytical methods, and the Quality Assurance Program supporting the field work 
described in this work plan, are described in the Quality Assurance Project Plan (QAPP) 
(Parsons et al., 2017a).  

The primary purpose of this monitoring program is to provide post-remediation data to verify 
that the caps are achieving the performance criteria established for the cap based on the Remedial 
Action Objectives (RAOs) presented in the Record of Decision (ROD) (NYSDEC and EPA, 2005), 
and consistent with the Onondaga Lake Capping, Dredging, Habitat and Profundal Zone 
(Sediment Management Unit 8) Final Design (Parsons and Anchor QEA, 2012). Detailed cap 
performance criteria are provided in Section 6 of this OLMMP.  

This appendix also includes the following attachments that were generated to support 
development of the overall monitoring program and/or to provide information that will be used to 
inform the results and interpretation of long-term monitoring: 

 Attachment A – As-built information regarding cap material over-placements based on 
construction data. 

 Attachment B – Information pertaining to the contamination remaining post-dredging 
that is present underlying the cap. 

 Attachment C - Projections regarding the levels of contamination expected over time 
within the chemical isolation and habitat/erosion protection layers (based on cap 
modeling), which will be used for comparison to long-term chemical monitoring results 
to evaluate whether the cap is performing as expected. 
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 Attachment D – A sensitivity analysis evaluating the long-term protectiveness of the 
cap in the unlikely event of a significant reduction in the thickness of the habitat/erosion 
protection layer due to erosion. 

 Attachment E – Results from the comprehensive post-construction bathymetric survey. 

 Attachment F – As-built information pertaining to cap monitoring ports. 

2.0  HEALTH AND SAFETY 

The Honeywell Project Safety, Health, and Environmental Plan (Parsons, 2017d) and 
subcontractor safety plans (SSPs) will be followed by all field personnel. Any task outside of 
currently scoped field efforts will have a new Activity Hazard Analysis (AHA) completed before 
the task begins. All decontamination and waste management activities will be conducted in 
accordance with Standard Operating Procedures (SOPs) provided in the QAPP. 

3.0  CAP MONITORING SUMMARY 

Long-term monitoring will include both physical and chemical monitoring and will be 
implemented consistent with the schedule provided in Table D.1. Physical monitoring will be 
conducted to verify that the habitat/erosion protection layer and underlying chemical isolation 
layer for multi-layer caps and mono-layer caps remain in place. Chemical monitoring will be 
conducted to verify that the chemical isolation layer in multi-layer caps and mono-layer caps are 
performing consistent with, or better than, expectations. Chemical monitoring will include 
sampling within each of the primary cap modeling areas and will include collection of porewater 
and/or cap material samples from the chemical isolation and habitat layers of the cap.  

Physical and chemical monitoring methods used will be influenced by the coarsest substrate 
present in various areas within the habitat and erosion protection layers, which varies from sand 
to cobbles, with the coarser materials occurring closer to shore. Physical and chemical monitoring 
considerations associated with each of the various substrates are summarized below. 

 Zone 1: Sand – There are no restrictions on coring for thickness verification or sample 
collection of the cap media or porewater in these areas.  

 Zone 2: Fine gravel – A core can be collected through fine gravel for verification of cap 
thickness. However, this material is too coarse to collect a solid sample for laboratory 
analysis. Chemical isolation in these areas will be verified based on sampling of the 
porewater within the habitat/erosion protection layer and underlying chemical isolation 
layer and/or sampling of cap material (via coring) in the underlying chemical isolation 
layer.  

 Zone 3: Coarse gravel or gravely-cobble. This material is too coarse to push a core 
through in order to determine the cap profile. Therefore, manual probing will be used to 
verify the presence of coarse gravel- or gravelly cobble-sized armor stone (erosion 
protection) materials for caps. Probing results, in combination with bathymetric survey 
results, will be used to evaluate for potential significant changes in habitat/erosion 
protection layer thicknesses in these areas. Chemical isolation in these areas will be 
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verified based on sampling of the porewater within the habitat/erosion protection layer 
and underlying chemical isolation layer, or sampling of the cap material (via coring) 
from the overlying finer habitat substrate in areas where this is part of the cap design. 

These zones are shown in Figures D.1 through D.6. The cap monitoring implications were 
incorporated into the physical and chemical monitoring strategy and methods detailed below. 

4.0  PHYSICAL MONITORING  

The primary purpose of the physical monitoring is to verify that the chemical isolation and 
habitat/erosion protection layers of the cap remain in place. Specific activities that will be 
implemented as part of the routine physical monitoring include: 

 Shoreline inspections 

 Bathymetric surveys 

 Physical probing 

 Consideration of cap thickness data based on cores collected as part of the cap chemical 
monitoring program, described in Section 5 

The schedule for implementation of the various physical monitoring components during the 
first 10 years post-construction (2017 through 2026) is shown in Table D.1. A detailed description 
of each of these tasks is provided below. Additional details on field methods and descriptions of 
the Quality Assurance Program supporting the physical monitoring field work are described in the 
QAPP (Parsons et al., 2017a). 

4.1  Shoreline Inspection  

An inspection and photo documentation will be performed by boat and from the shoreline to 
document the integrity of the shoreline areas where remedial activities were implemented. The 
areas to be inspected include shoreline capping areas in Remedial Areas (RAs) A, B, C, D, and E, 
the Outboard Area (including the berms), the Wastebeds 1-8 connected wetland (including the 
berms), the Ninemile spits, the Wastebeds 1-8 shoreline stabilization area, and the capped cultural 
resources located in the shallow areas of RA-E. The inspection and photo documentation will be 
taken in the spring shortly after ice out in order to identify any impacts due to ice scour. The 
majority of the photos will be taken from the shoreline. Photos will be taken every 25 ft. along the 
shoreline when water levels are at elevation 363.5 ft. or less (North American Vertical Datum of 
1988 (NAVD88)). Areas that cannot be adequately inspected and photographed from the shoreline, 
such as the capped RA-E cultural resources, will be inspected and photographed from a boat, or 
via aerial photography as discussed below. Any signs of potential erosion will be photographed 
and noted during the inspection. Any other signs of potential impacts to the cap, such as seeps or 
disturbances, will also be noted. Results may be compared to inspection and photo documentation 
results from prior events as part of the evaluation. Global Positioning System (GPS) locations 
(including positioning and orientation of the photograph) will be recorded for each photo location 
so that photos in subsequent years can be taken from approximately the same location. Surveying 
of features such as the wave dampers and berms, in addition to what is included in the routine 
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bathymetry and elevation surveying described in Subsection 4.2 below, will be considered in 
consultation with NYSDEC if significant changes to them are noted.  

Shoreline conditions within the areas discussed above will also be documented to the extent 
possible considering any no-fly restrictions using aerial photography from a small unmanned aerial 
system (sUAS, or “drone”). Parsons will work with the certified drone operator in real time during 
collection of the photos to optimize the height and angle from which the photos are taken.  

Following the 2017 shoreline inspection and photo documentation, subject to NYSDEC 
approval, subsequent events may instead consist of drone aerial photography documentation and 
a shoreline inspection and identification/photo documentation of any noted anomalies in 
conjunction with NYSDEC. 

4.2  Bathymetry 

Comprehensive bathymetric surveys will be conducted per the schedule shown in Table D.1 
of capped areas in RAs A, B, C, D, E, F, thin-layer and amended cap areas in Sediment 
Management Unit (SMU) 8, and the uncapped areas along the RA-E shoreline. Survey procedures, 
performance criteria, calibration procedures, and data quality assurance will follow the 
specifications of the US Army Corps of Engineers Hydrographic Survey Manual (USCOE, 2013). 
It is anticipated that the bathymetric survey will be completed using the Z-boat 1800, which is the 
remotely operated hydrographic survey boat used by the Quality Assurance/Quality Control 
(QA/QC) team during capping operations. It has an Odom CV100 dual frequency echosounder 
paired with a Trimble R8 receiver and base station. Data acquisition and processing will be 
conducted using Hypack hydrographic software. Standard daily calibration procedures will be 
implemented. The Z-boat is capable of collecting data in water depths greater than 2 ft. Survey 
transect lines for the target area will be laid out in advance, and programmed into the Z-boat’s 
navigation software. The survey will be conducted on transect lines running perpendicular to the 
slope and spaced 30 ft. apart, repeating every other survey line that was established during the 
collection of as-built data during construction, as shown in Figures D.7 through D.12. 

In areas that are too shallow for the Z-boat (e.g., where the cap meets the shore), elevations 
will be manually surveyed using traditional surveys rods, consistent with methods used during cap 
construction verification. This will include surveying the elevations of the top of the WB 1-8 
connected wetland berms, Outboard Area berms and the wave dampers in RA-E (every 5 to 10 ft.), 
as well as in wetland areas where feasible, including transects across the Harbor Brook channel. 
Manual surveys will be conducted along each track line to the shoreline or beyond the edge of the 
cap as necessary. 

Within topsoil areas in RA-A, the Ninemile Creek spits, Outboard Area (including lower 
Harbor Brook), and the Wastebeds 1-8 connected wetlands, the survey lines will be modified as 
necessary to collect as much data as possible in and around wetland vegetation. However, 
significant portions of these areas are too shallow and/or will be too vegetated for the Z-boat, and 
a comprehensive survey using manual methods could damage the wetland vegetation. Vegetation 
in these areas will be inspected on a regular basis as part of the habitat restoration monitoring, 
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which will provide the necessary verification that there has not been significant erosion of material 
in these areas. If significant areas are noted where there is loss of vegetation that may be due to 
loss of topsoil, these areas will be surveyed using the Z-boat or manual survey methods to 
determine if there has been a significant loss of cap material. 

Following completion of the data processing, a complete surface elevation file will be 
generated. This surface file will represent the existing lake bottom elevation conditions at the time 
of data collection and will be able to be used by CAD, GIS, or other mapping software for 
evaluation and comparison to previous cap elevation data (e.g., comparing year to year surveys or 
year to post-construction QC survey).  

4.3  Probing 

As described above in Section 3.0, coarse gravel and gravelly-cobble areas of the cap are too 
coarse to core through. Instead, probing will be implemented per the schedule shown in Table D.1 
to verify the presence of coarse gravel- or gravelly cobble-sized armor stone in these areas of cap. 
The consistent presence of coarse materials, which are expected to be readily identifiable by 
probing, will provide confirmation that erosion that could affect cap performance has not occurred. 
Probing transects were developed to focus more intensely on areas of the highest erosion potential 
(such as in the surf zone areas of the cap, at the mouths of the tributaries, and around utilities such 
as storm water outfalls and METRO). Additional probing transects were included in fine gravel 
areas to supplement the data collected as part of the bathymetric survey and coring in these areas. 
Probing will be conducted along the transects shown in Figures D.7 through D.12 by manually 
advancing a steel rod to refusal at 25 ft. intervals along each probing transect. In probing areas 
where the water depth, water clarity and/or vegetation cover do not interfere, the presence of the 
coarse substrate will also be verified to the extent possible based on visual observations from the 
water surface. Probing and visual inspection will also be conducted directly adjacent to shoreline 
tributaries and outfalls to verify the cap remains physically stable at these locations.  

If gravel/cobble is not encountered during probing of an area, multiple additional locations in 
the immediate vicinity will be probed to estimate the size of the area where the gravel layer may 
not be present. In the event that sediments exist above the gravel/cobble, and in RA-D where 
probing includes areas where sand overlies the coarse cap substrate, the thickness of the overlying 
sediment and/or sand will be determined and recorded if feasible. If probing identifies any 
anomalies such as the apparent absence of coarse substrate or significant accumulation of sediment 
on top of the cap, coordinates and elevation measurements of each probing location will be 
recorded. Additional probing may be completed if warranted based on the results from the baseline 
probing and bathymetry survey. 

4.4  Coring 

As described in Section 5, routine chemical monitoring will include collection of cores from 
throughout the capped areas. The thicknesses of cap material observed in these cores will be 
documented and considered as part of the overall routine physical monitoring program. Additional 
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coring for cap thickness verification may be completed if warranted based on the results from the 
baseline coring and bathymetry survey. 

5.0  CHEMICAL MONITORING OVERVIEW  

The primary purpose of the chemical monitoring is to measure the concentration of chemical 
parameters of interest (CPOIs) within the placed cap materials to verify that the performance 
criteria are not being exceeded, or increasing at a rate greater than expected, and thus confirm the 
chemical isolation layer is performing consistent with expectations. As shown on Figures D.13 
through D.18, the chemical monitoring will include sampling within each of the primary cap 
modeling areas developed in the design as well as within each modified protective cap (MPC) 
area. Chemical parameters that will be analyzed for, and cap sampling locations and methods, are 
detailed below. The scope below will be implemented for the first comprehensive chemical 
monitoring event, anticipated in 2017. It is anticipated that subsequent comprehensive monitoring 
events will be consistent with this scope. Any revisions, as well as the scope associated with the 
focused monitoring events, will be documented in a work plan addendum subject to approval by 
NYSDEC. 

5.1  Chemical Parameters  

The cap habitat/erosion protection layer performance criteria include the probable effect 
concentrations (PECs) for those chemicals that are included in the calculation of the mean Probable 
Effects Concentration Quotient (PECQ) plus the NYSDEC sediment screening criteria for 
benzene, toluene, and phenol (Table D.2). Details on how cap sample results will be compared to 
these criteria are provided in Section 5.3. Chemical monitoring will focus on those chemicals, 
referred to herein as “indicator chemicals”, which were determined during the design phase to 
represent the most significant potential for migration through the cap and which therefore dictated 
cap design, including granular activated carbon (GAC) application rates. Analysis for indicator 
chemicals will be completed during each cap chemical monitoring event. Table D.3 presents the 
indicator chemicals for chemical monitoring in each cap modeling area, which represent the 
chemical constituents that dictated the chemical isolation layer design in each area, plus mercury. 
Analysis will also include pH in those areas where the cap includes a pH amendment layer.  

All chemical groups not identified as indicator chemical groups are identified as additional 
chemical groups and will be analyzed for in the habitat layer to verify long-term compliance. 
Indicator chemical groups will be analyzed for during all sampling events. Additional chemical 
groups will be analyzed for during the first comprehensive monitoring event and each subsequent 
comprehensive monitoring event (not during the focused events) unless agreed to otherwise by 
NYSDEC. An evaluation was completed (Attachment B) to identify the frequency of cap 
performance criteria exceedances for each of the indicator chemicals and additional chemicals in 
underlying sediments. The results of this analysis may be helpful when evaluating future results 
of the monitoring program.  
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Because of porewater detection limit considerations associated with high molecular weight 
polycyclic aromatic hydrocarbons (PAHs) (HPAHs)1, which would migrate through the cap much 
more slowly than most other contaminants, HPAHs will be analyzed for in solid phase cap samples 
only. Of the PAHs, only the low molecular weight PAHs (LPAHs)2 will be analyzed for in 
porewater samples. Therefore, in identifying indicator versus additional chemical groups, LPAHs 
and HPAHs were considered independently. The five LPAHs have solid phase to porewater 
partitioning coefficients that are one to two orders of magnitude lower than those of the HPAHs, 
and thus are the most mobile of the PAHs and appropriate to focus on for cap monitoring purposes. 
Phenol is not a PAH, but is included in the LPAH chemical group for convenience since PAHs 
and phenol are both analyzed by EPA Method 8270. 

Extensive method development of porewater sampling methods using peepers and 
centrifugation was completed as part of the pre-design investigation (PDI). This resulted in the 
development of correction factors that were applied to PDI sediment porewater analytical results. 
The centrifugation and peeper porewater collection procedures, including the peeper deployment 
period of five weeks, will be consistent with the PDI and therefore the same correction factors will 
be applied. Porewater correction factors are provided in Table D.4. As discussed below, porewater 
samples will also be collected from cores using direct extraction methods. Samples collected via 
direct extraction are not subject to the same potential losses associated with centrifugation or 
equilibrium considerations as the peeper; therefore, no correction factor is required for porewater 
samples collected using direct extraction. 

5.2  Sample Collection  

Chemical sampling will be completed based on the schedule shown in Table D.1. Methods 
for collecting samples from various areas of the cap are dependent on several factors including cap 
thickness and substrate and water depth. This includes the sampling implications associated with 
Zones 1, 2 and 3 which are based on cap material substrate, as discussed in Section 3.0. Table D.5 
presents a summary of the potential sample types that will be collected for each chemical group 
based on factors such as detection limits, required sample volumes, and applicable sampling 
methods for various cap media as discussed in Subsections 5.2.1 through 5.2.5 below. Due to 
detection limit considerations and the high aqueous phase volumes required for analyzing HPAHs 
and PCBs, these compounds will only be analyzed for in solid phase samples. Based on the results 
of the solid-phase sample analysis for PCBs and HPAHs, future analysis of porewater samples for 
these parameters may be reconsidered, including consideration of alternative porewater collection 
methods such as collection of multiple cores or passive sampling using SPME fibers, subject to 
NYSDEC approval. The samples and analyses to be completed within any particular area will be 
a function of the indicator and additional chemical groups specified for the model area and the 
sample types listed in Table D.5. Figures D.13 through D.18 show cap monitoring locations and 

                                                 
1 HPAHs will include fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(a)pyrene, indeno(1,2,3,-cd)pyrene, dibenzo(a,h)anthracene, and benzo(g,h,i)perylene. 
2 LPAHs include fluorene, phenanthrene, acenaphthene, acenaphthylene and anthracene. Naphthalene is included as a VOC. 
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methods for all remediation areas. Tables D.6 through D.11 detail the collection methods and 
laboratory analyses for each remediation area.  

Samples will be collected for analysis from the habitat/erosion protection layer of multi-layer 
caps and from the bioturbation zone of mono-layer MPCs and thin layer caps (TLCs) for 
comparison to cap performance criteria. These samples are referred to as “compliance samples.” 
Compliance samples will be analyzed for both indicator and additional chemical groups. The 
substrate material within the habitat zone will dictate whether a solid phase sample (i.e., from sand 
and topsoil substrates) or a porewater sample (i.e., from gravel and gravely-cobble substrates) will 
be collected and analyzed for the compliance samples. Porewater rather than cap material samples 
will be collected for VOC and LPAH analysis from mono-layer MPCs that include GAC since the 
presence of the GAC could interfere with interpretation of bulk chemistry results. 

In addition to habitat/erosion protection layer sampling, core (cap material) and/or porewater 
samples will be collected for analysis from the chemical isolation layer as a supporting indicator 
of cap performance (known as “supporting samples”). In areas where the chemical isolation cap 
does not contain GAC and coring is possible, a solid phase sample of the chemical isolation layer 
will be analyzed as a supporting analysis. Porewater rather than cap material samples will be 
collected from the chemical isolation layer in areas where GAC is present and where coring is not 
possible. Supporting samples (i.e., samples within the chemical isolation layer) will be collected 
for indicator chemical groups, but typically will not be collected for the additional chemical groups 
given that the indicator chemicals are more mobile and thus better suited for comparison to model 
predictions within the chemical isolation layer. The exception to this is Zone 2 in RA-E1(B), as 
shown in Table D.10. 

Porewater will be collected utilizing direct extraction, centrifugation, or peepers depending 
on the cap substrates at each sample location. During the Cap Sampling Methods Demonstration 
completed in late 2016, it was determined that the centrifuge SOP developed during the PDI is not 
applicable to sand or gravel substrates. Because sand does not compress when being centrifuged 
like softer fine sediments, allowing porewater to be drawn off the top of the sediment sample, 
porewater is instead collected by draining porewater from the bottom of the centrifuge vessel into 
a secondary vessel, exposing the porewater to air and potentially stripping VOCs from the 
porewater sample. Therefore, in sand or fine gravel substrates, porewater will be collected for 
analysis for all parameters via direct extraction from vibracores utilizing a push point sampler as 
described in the porewater SOP included in the QAPP. This method was successfully used to 
collect porewater samples from sand and fine gravel substrates during the 2016 Methods 
Development Demonstration (Parsons, 2017b).  The direct extraction method collects porewater 
using a dedicated syringe or a peristaltic pump with dedicated tubing and does not expose the 
sample to air.  

In GAC direct application areas where minimal sand may be present, fines in the sediment 
substrate could clog the openings of the push point sampler and result in turbid samples; therefore, 
centrifugation will be used if a sample consists primarily of sediment.  
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The coarse gravel and cobble present in Zone 3 is too coarse to push a core through in order 
to determine cap thickness or collect a sample. Porewater samples will be collected from the 
gravel/cobble habitat/erosion protection layer and underlying sand chemical isolation layer in this 
area using a peeper (porewater sampling device) that can be pushed through this substrate. For 
determining the correct intervals for porewater sampling, it will typically be assumed that the 
habitat/erosion protection layer thickness is consistent with the design minimum, and that any cap 
material beneath this is part of the chemical isolation layer. The exception to this are the peepers 
located in RA-B where the habitat/erosion protection layer consists of a minimum of 1ft. of coarse 
gravel which meets erosion protection goals overlain by a 1-ft. fine gravel habitat layer. Since the 
fine gravel is subject to movement and potential loss due to wind/wave energy, it will be assumed 
for sampling purposes that the habitat/erosion protection layer is 1 ft. 

Due to the volume requirements from the analytical lab, multiple cores may be required at 
some locations to obtain the required porewater volume. To reduce the volume of porewater from 
targeted intervals and thus reduce the requirement for multiple cores at a particular location, a lab 
pre-screen sample may be collected from above or below the target sample interval. A lab pre-
screen is a volume of water required by the lab to be collected as part of normal analytical sample 
volume and used to calibrate the analytical lab’s instruments to the approximate concentration of 
the sample. Most analytical labs require a pre-screen before they analyze a sample on their 
calibrated instruments to determine if sample dilution is required and prevent having to take 
instruments out of service for decontamination from elevated samples. Utilizing porewater 
collected above or below the target sample as the pre-screen will minimize the number of cores 
required to obtain the full volume required for analysis.  

Details of sample collection methods, types, and depths for Zones 1, 2 and 3 and for mono-
layer MPCs and SMU 8 TLCs are provided below. Any significant changes to the sample 
collection methods, types, depths or locations based on field conditions will be discussed with the 
NYSDEC on-site representative prior to sample collection, as feasible. Details pertaining to these 
sampling methods are provided in SOPs included as part of the QAPP. 

5.2.1  Zone 1 - Sand 

In Zone 1, all samples will be collected utilizing a vibracore or gravity corer with an 
appropriate length core barrel to advance through the full thickness of the cap into the underlying 
sediment. Physical observation of collected cores will be used to verify the total thickness of the 
cap. However, it will be very difficult or impossible to differentiate between the habitat and 
chemical isolation layers because they consist of the same material (sand). Therefore, for purposes 
of determining sampling intervals, it will be assumed that the habitat layer thickness is equal to 
the required design minimum and that any cap material beneath this is part of the chemical isolation 
layer.  

Sample depth intervals and types that will be collected in Zone 1 are shown schematically 
below. All cap sample depth intervals will be measured from the top of the cap surface inclusive 
of any settled sediments that have mixed into the surface of the cap. Depth interval measurements 
for sampling will exclude overlying settled sediments that are not mixed with cap material. The 
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thickness and description of any accumulated sediments will be photographed and described such 
that an appropriate interval can be determined for assessing compliance with the Bioaccumulation-
Based Sediment Quality Value (BSQV), which may result in revised sampling intervals during 
subsequent sampling events for analysis for mercury, which will be determined in consultation 
with NYSDEC. 
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The required design minimum habitat/erosion protection layer thickness in Zone 1 is always 
1 ft., therefore, solid phase compliance samples will be collected from both the bottom of the 
bioturbation zone (3 to 6 inches) and the bottom of the entire habitat/erosion protection layer (9 to 
12 inches) to assess performance. Supporting samples will be collected at the top of the chemical 
isolation layer (12 to 15 inches). For purposes of determining sampling intervals, it will be assumed 
that the habitat/erosion protection layer thickness is equal to the required design minimum and that 
any cap material beneath this is part of the chemical isolation layer. If the collected thickness of 
the habitat/erosion protection layer, if distinguishable from the chemical isolation layer, or the total 
cap thickness is less than the minimum design thickness, the thickness and coordinates at that 
location will be recorded and additional attempts will be made. The chemical isolation layer 
supporting sample will be solid phase in un-amended cap areas. In amended cap areas, a push point 
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sampler will be used as described in the SOP included in the QAPP to extract a porewater sample 
directly from the chemical isolation material within the core for supporting sample analysis. 

5.2.2  Zone 2 – Fine Gravel 

In Zone 2, all samples will be collected utilizing a vibracore with an appropriate length core 
barrel to advance through the full thickness of the cap into the underlying sediment. Sample depth 
intervals and types that will be collected in Zone 2 are shown below. All cap sample depth intervals 
will be measured from the top of the cap surface inclusive of any settled sediments that have mixed 
into the surface of the cap. Depth interval measurements for sampling will exclude overlying 
settled sediments that are not mixed with cap material. The thickness and description of any 
accumulated sediments will be photographed and described such that an appropriate interval can 
be determined for assessing compliance with the BSQV, which may result in revised sampling 
intervals during subsequent sampling events for analysis for mercury, which will be determined in 
consultation with NYSDEC. 
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Chemical isolation performance in these areas will be verified based on sampling of the 
porewater within the habitat/erosion protection layer and underlying chemical isolation layer 
and/or sampling of cap material (via coring) from the underlying chemical isolation layer.  
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Physical observation of collected cores will be used to verify the thickness of the various cap 
layers and will be considered in determining the appropriate sampling depth intervals. Compliance 
samples will be collected from the bottom of the bioturbation zone (3 to 6 inches) and from the 
bottom of the of the habitat/erosion protection layer. For purposes of determining compliance 
sampling intervals, it will be assumed that the habitat/erosion protection layer thickness is equal 
to the required design minimum and that any cap material beneath this is part of the chemical 
isolation layer. If the collected thickness of the habitat/erosion protection layer is less than the 
minimum design thickness, the thickness and coordinates at that location will be recorded and 
additional attempts will be made. Sampling intervals within Zone 2 typically will be: 

12-inches Minimum Habitat/Erosion Protection Layer  

 3 to 6 inches (bottom of bioturbation zone) 
 9 to 12 inches (bottom of habitat/erosion protection layer) 
 Top 3 inches of chemical isolation layer based on field observation 

18-inches Minimum Habitat/Erosion Protection Layer  

 3 to 6 inches (bottom of bioturbation zone) 
 15 to 18 inches (bottom of habitat/erosion protection layer) 
 Top 3 inches of chemical isolation layer based on field observation  

A push point sampler will be used as described in the SOP included in the QAPP to extract 
porewater samples directly from the habitat/erosion protection layer for compliance sample 
analysis. The supporting sample will be collected from the top 3 inches of the chemical isolation 
layer material based on based on visual observation of the interface between the habitat/erosion 
protection layer fine gravel substrate and underlying sand layer substrate. The chemical isolation 
layer supporting sample will be solid phase in un-amended cap areas. In amended cap areas, a push 
point sampler will be used as described in the SOP included in the QAPP to extract a porewater 
sample directly from the chemical isolation material within the core for supporting sample 
analysis.  

In addition, sampling in the Zone 2 areas of coarse substrate will be performed in six dedicated 
sampling “ports” installed during cap construction in RA-D. A sampling port is a rectangular 
concrete “manhole” riser section that was placed above the chemical isolation layer and filled with 
a finer-grained material (sand) in place of the larger armor stone in order to allow for cap sampling 
as part of the cap monitoring program. The concrete manhole will protect the finer-grained cap 
material from erosion. The sampling ports will facilitate collection of core and porewater samples 
within the habitat/erosion protection and chemical isolation layers. Sampling port locations are 
shown in Figure D.16. Additional sampling port details are provided in Attachment E. Sampling 
methods from the sample ports will be consistent with those specified for Zone 1. Physical 
observation of collected cores will be used to verify the total thickness of the cap. However, as 
discussed for Zone 1 sampling, it will be very difficult or impossible to differentiate between the 
habitat and chemical isolation layers because they consist of the same material (sand). Therefore, 
for purposes of determining sampling intervals, it will be assumed that the habitat layer thickness 
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is equal to the required design minimum and that any cap material beneath this is part of the 
chemical isolation layer. Sampling intervals within the sample ports will be: 

12-inches Minimum Habitat/Erosion Protection Layer  
 3 to 6 inches (bottom of bioturbation zone) 
 9 to 12 inches (bottom of habitat/erosion protection layer) 
 12 to 15 inches (top of chemical isolation layer) 

18-inches Minimum Habitat/Erosion Protection Layer  
 3 to 6 inches (bottom of bioturbation zone) 
 15 to 18 inches (bottom of habitat/erosion protection layer) 
 18 to 21 inches (top of chemical isolation layer) 

5.2.3  Zone 3 - Coarse Gravel or Gravely-Cobble 

As described above, porewater samples will be collected from the gravel/cobble 
habitat/erosion protection layer and underlying sand chemical isolation layer in this area using a 
peeper. For determining the correct intervals for porewater sampling, it will typically be assumed 
that the habitat/erosion protection layer thickness is consistent with the design minimum, and that 
any cap material beneath this is part of the chemical isolation layer. The exception to this are the 
peepers located in RA-B where the habitat/erosion protection layer consists of a minimum of 1 ft. 
of coarse gravel which meets erosion protection goals overlain by a 1-ft. fine gravel habitat layer. 
Since the fine gravel is subject to movement and potential loss due to wind/wave energy, it will be 
assumed for sampling purposes that the habitat/erosion protection layer is 1 ft. Peeper porewater 
sample depth intervals are detailed in Figure D.19. Because peeper sampling is an in-situ method 
and no cores will be collected which would allow visual inspection, all sample depth intervals will 
be measured from the top of the cap surface inclusive of any settled sediments that have mixed 
into the surface of the cap as well as overlying settled sediments that are not mixed with cap 
material. 

In areas where topsoil has been placed over a coarse gravel erosion protection layer and 
aquatic plantings have been installed, mechanical coring would risk damaging the restored habitat. 
In these areas, a hand core will be advanced through the topsoil layer and samples from the bottom 
of the bioturbation zone and from the bottom of the topsoil habitat layer will be collected for 
analysis. Topsoil sample depth intervals and types that will be collected in Zone 3 are shown 
below. All cap sample depth intervals will be measured from the top of the cap surface inclusive 
of any settled sediments that have mixed into the surface of the cap. In topsoil areas, it is unlikely 
that any overlying accumulated sediments could be differentiated from the topsoil layer, therefore 
depth interval measurements will include any overlying settled sediments that are not mixed with 
cap material. 
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Chemical isolation in the Zone 3 areas will be verified based on sampling of the porewater 
within the habitat/erosion protection layer and underlying chemical isolation layer, or sampling of 
the cap material (via coring) from the overlying finer habitat substrate (topsoil) in areas where this 
is part of the cap design. Sample depth intervals will depend on the habitat layer substrate and 
design minimum habitat/erosion protection layer thickness. Peeper sample depth intervals are 
detailed in Figure D.19. Topsoil sample depth intervals are detailed below. If the collected 
thickness of the topsoil is less than the minimum design thickness, the thickness and coordinates 
at that location will be recorded and additional attempts will be made. 

12-inches Minimum Topsoil Habitat Layer (Remediation Area A)  

 3 to 6 inches (bottom of bioturbation zone) 
 Bottom 3 inches of topsoil habitat layer based on field observation 

19.5-inches Minimum Topsoil Habitat Layer (Wetland Areas)  

 3 to 6 inches (bottom of bioturbation zone) 
 Bottom 3 inches of topsoil habitat layer based on field observation 
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5.2.4  Modified Protective Caps (MPCs) and Modified Erosion Resistant Caps 
(MERCs) 

MPC designs were developed subsequent to the final design in small areas where sediment 
movement occurred during cap placement, as well as in other small areas where softer than 
anticipated sediments were present on relatively steep slopes. In these small areas, the modified 
design and compliance points differ from those listed above for full thickness caps. Most of the 
MPC designs include separate dedicated chemical isolation and habitat/erosion protection layers, 
although one or both of these layers is less than the 1 ft. minimum as specified in the Final Design. 
For multi-layer MPCs, the sampling strategy will be consistent with those specified for multi-layer 
caps within the appropriate zone. Compliance samples will be collected from the bottom of the 
bioturbation zone (3 to 6 inches). In MPCs where the design minimum habitat/erosion protection 
layer thickness is at least nine inches, a second compliance sample will be collected from the 
bottom three inches of the habitat/erosion protection layer based on the minimum design thickness. 
This depth will vary based on the habitat/erosion protection thickness. Supporting samples from 
the chemical isolation layer are intended to characterize conditions within the top three inches of 
the chemical isolation layer. Therefore, supporting samples from the MPC multi-layer caps will 
only be collected if the portion of the chemical isolation layer containing GAC is at least six inches 
thick. All cap sample depth intervals will be measured from the top of the cap surface inclusive of 
any settled sediments that have mixed into the surface of the cap. Depth interval measurements for 
sampling will exclude overlying settled sediments that are not mixed with cap material. The 
thickness and description of any accumulated sediments will be photographed and described such 
that an appropriate interval can be determined for assessing compliance with the BSQV. 

A subset of the MPCs (approximately two percent of the entire capped area) includes areas 
where underlying soft sediments limited the cap thicknesses such that it was not feasible to 
construct separate chemical isolation and habitat/erosion protection layers. These areas are referred 
to as mono-layer caps, and include areas of direct application of GAC and siderite. The areas 
specified as direct application of GAC also included sand to facilitate GAC placement. Additional 
sand is present in these areas as a result of capping operations in adjacent areas. A total of six cores 
were collected from the two areas of direct application in the littoral zone as part of the 2016 Cap 
Sampling Methods Field Demonstration, and the minimum thickness of sand observed was 
5.5 inches. For mono-layer caps, compliance will be verified based on meeting the cap 
performance criteria based on concentrations measured within sample intervals collected from 0 
to 0.5 ft., which corresponds to the anticipated bioturbation depth and is the zone of potential 
exposure for sediment-dwelling organisms.  

In mono-layer caps, potential unacceptable risks to benthic organisms due to organic 
contaminants are mitigated because organic contaminants sorb to the GAC rather than being 
present in porewater and cap materials, or sediments in the case of direct application areas. 
However, laboratory analysis of a solid phase sample that includes GAC would primarily quantify 
contamination levels on the GAC, and thus would not be relevant. Therefore, mercury analysis 
will be on solid phase samples while VOC and LPAH analysis will be completed on porewater 
samples based on the following: 
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 The top 6 inches of material and porewater will be sampled if the mono-layer cap and 
any overlying accumulated sediment is at least 6 inches thick. 

 The sample interval will be consistent with the thickness of the mono-layer cap and 
any overlying accumulated sediment if this substrate is between 3 inches and 6 inches 
thick. 

 No sample will be collected if the thickness of the mono-layer cap and any overlying 
accumulated sediment is less than 3 inches thick. Samples will be collected for analysis 
in these areas during subsequent sampling events after sufficient mixing and 
deposition have occurred. The measured thicknesses of the cap material and overlying 
sediments as well as coordinates of each attempt will be recorded. In the event that a 
sample is not collected based on thickness, a determination will be made with 
NYSDEC (as part of the reporting for that year) as to whether additional attempts 
would be made in that area during the subsequent year rather than waiting for the 
subsequent planned chemical monitoring event. 

 If the design-specified average thickness of the MPC is less than 6 inches, a minimum 
of three attempts will be made within the MPC area to collect a core that has more 
than 3 inches of cap and overlying accumulated sediment.  

 If the design-specified average thickness of the MPC is greater than 6 inches, a 
minimum of three attempts will be made within the MPC area to collect a core that 
has more than 6 inches of cap and overlying accumulated sediment.  

 Multiple attempts will be made within the target MPC area, at least 20 ft. apart, and 
along a line through the original location and perpendicular to shore. This will ensure 
that subsequent sample attempts are from different capping lanes, which were 20 ft. 
wide and parallel to shore.   

Collection and analysis of porewater samples for HPAHs and PCBs is not practical based on 
volume and analytical laboratory detection limit considerations. PCBs and HPAHs are 1 to 5 orders 
of magnitude less mobile, (i.e., exhibit much stronger sorption to GAC), than the other organic 
contaminants. Therefore, compliance with the criteria for PCBs and HPAHs can be inferred if the 
criteria for other organic contaminants are met. To provide added demonstration that the mono-
layer caps are protective for HPAHs and PCBs, samples will be analyzed for these chemicals in 
mono-layer caps that consisted of a lift of GAC-amended sand overlain by a lift of sand with no 
GAC (MPC areas RA-B-1D (10 to 20 ft.), RA-C-1D and RA-C-2C). The design-specified average 
thickness of the sand lift in these areas is 4.5 inches; therefore, the top 6 inches of cap material 
will be sampled and analyzed for HPAHs and PCBs in these areas to minimize the likelihood that 
the sample contains significant GAC. If future monitoring of the mono-layer cap areas indicates 
significant accumulation of sediments, samples may be collected for analysis of VOCs and 
LPAHs. However, as settling sediments slowly accumulate, GAC will likely be mixed upward into 
the overlying sediments, which may prevent meaningful analysis of solid phase samples for these 
parameters. 



 
DRAFT  

ONONDAGA LAKE  
LONG-TERM CAP MONITORING WORK PLAN 

 

 Parsons 

P:\Honeywell -SYR\446232 - Cap Design\09 Reports\9.5 Supporting Plans\OLMMS\Final to DEC\Final 2017\Appendices\Appendix D\Appendix D Work Plan_Oct 
2017.docx 
October 9, 2017 

D-17 

The MERC, which was developed to limit loading and potential damage to the in-lake 
METRO deep water outfall pipeline, is also a monolayer cap and therefore compliance will be 
verified in a manner consistent with the MPC mono-layer caps. Sample depth intervals and types 
that will be collected from MPC and MERC mono-layer caps are shown below. 
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A vibracore or a gravity corer will be used to collect cores in the mono-layer cap areas. 
Porewater will be collected from the cores using the push point sampler in cap areas where the 
sample is comprised primarily of sand. In areas where the sample includes a significant volume of 
overlying sediment, an attempt will be made to collect the porewater sample using the push point 
sampler. If porewater is unable to be collected by the push point sampler, the collected core will 
be shipped to the analytical laboratory for porewater centrifuge generation and analysis.  

5.2.5  Thin Layer Caps (TLCs) and GAC Direct Application Areas in SMU 8 

TLCs were specified for those portions of SMU 8 that exceeded a mean PECQ of 1. Some of 
the TLCs were amended to include GAC to improve chemical isolation. In addition, there also are 
areas of direct application of GAC in SMU 8 where sediment strength limitations prevented TLC 
installation. As discussed in Subsection 5.2, porewater rather than cap material samples will 
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typically be collected from mono-layer MPCs that include GAC since the presence of the GAC 
could interfere with interpretation of bulk chemistry results. However, based on current methods 
available, collection of porewater samples from the SMU 8 4-cm compliance interval would be 
very challenging and require several cores to get sufficient porewater for analysis of all mean 
PECQ parameters based on porewater volume requirements. Therefore, solid phase samples will 
be collected. For the SMU 8 amended TLC and GAC direct application areas, samples will not be 
collected unless sediment cores show a minimum thickness of sand (placed as part of the direct 
application construction process) and overlying settled sediments of 4 inches to reduce the 
likelihood of significant GAC that may have sorbed contaminants in the sampled interval. The 
presence of GAC may create a higher sorbed phase concentration that is not directly comparable 
to the performance standards. If the sorbed phase measurement, with GAC included, is less than 
the standard, then it is appropriate to conclude that the cap is in compliance. If mean PECQ 
criterion is exceeded in TLC and direct application areas, collection of porewater samples may be 
reconsidered as a method of demonstrating compliance. A minimum of three attempts will be made 
at sampling locations with SMU 8 amended TLC and direct application areas to collect a core that 
has more than 4 inches of cap and overlying accumulated sediment. Multiple attempts will be made 
within the target sampling area, at least 20 ft. apart, and along a line through the original location 
and perpendicular to shore. This will ensure that subsequent sample attempts are from different 
capping lanes, which were 20 ft. wide and parallel to shore. The measured thicknesses of the cap 
material and overlying sediments as well as coordinates of each attempt will be recorded. In the 
event that a sample is not collected based on thickness, a determination will be made with 
NYSDEC (as part of the reporting for that year) as to whether additional attempts would be made 
in that area during the subsequent year rather than waiting for the subsequent planned chemical 
monitoring event. 

Consistent with the design criteria, the long-term performance criteria for amended and un-
amended TLCs and direct application areas will be to meet the mean PECQ criterion of 1 and 
mercury PEC criterion of 2.2 mg/kg within the top 4 cm (approximately 2 inches), which is the 
compliance depth specified for SMU 8 in the final design. The sample depth interval of 4 cm that 
will be collected from TLCs is shown below. In addition, a sample depth interval of 4 to 10 cm 
will be collected in un-amended TLCs. 
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SMU 8 Amended Caps, Direct Application and TLCs 
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Gravity cores will be utilized for collection of sediment from TLC areas.  

 

5.3  Comparison of Sample Results to Cap Performance Criteria  

Analytical results from cap material and cap porewater habitat layer samples will be compared 
to the cap performance criteria to verify that the cap is performing as expected, or better. The 
performance criteria for chemicals that are included in the calculation of the mean PECQ are based 
on cap solid phase concentrations, while the performance criteria for contaminants based on the 
NYSDEC sediment screening criteria (benzene, toluene, and phenol) are based on cap porewater 
concentrations. As detailed in Section 5.2, cap sampling will include both solid phase and 
porewater sampling and analysis. Therefore, cap habitat layer sampling results will be compared 
to performance criteria as detailed below: 

 Cap solid phase sample results will be compared directly to the solid phase 
performance criteria for chemicals that are included in the calculation of the mean 
PECQ. 

 Cap solid phase sample results for benzene, toluene and phenol will be compared to 
the porewater performance criteria that are based on the NYSDEC sediment screening 
criteria by converting the solid phase concentration to a porewater concentration 
based on partitioning calculations using the equilibrium partitioning coefficients 
listed in Table D.12 and sample-specific foc values. 
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 Cap porewater concentrations will be compared to the solid phase performance 
criteria for chemicals that are included in the calculation of the mean PECQ by 
converting the porewater concentration to a solid phase concentration based on 
partitioning calculations using the equilibrium partitioning coefficients listed in 
Table D.12. The foc values used for calculating solid phase concentrations will be 
based on the following: 

o For Zones 2 and 3 where solid phase samples will not be collected, foc values 
consistent with those assumed during the design for cap modeling will be used. 
The solid phase concentrations will be calculated based on an assumed foc of 
4.56 percent within the 6-inch gravel or cobble bioturbation zone (i.e., upper 
compliance sample). The solid phase concentrations will be calculated based 
on an assumed foc of 0.022 percent at the bottom of the gravel or cobble 
habitat/erosion protection layer (i.e., lower compliance sample).  

o For mono-layer caps where both solid phase and porewater samples will be 
collected but the presence of GAC prevents direct measurement of sample-
specific foc values, the solid phase concentrations will be calculated for those 
parameters that will be analyzed for in porewater samples based on foc values 
measured in samples collected from the bioturbation zone as part of the 
compliance monitoring in adjacent multi-layer caps.  

 Cap porewater sample results for benzene, toluene and phenol will be compared 
directly to the porewater performance criteria that are based on the NYSDEC 
sediment screening criteria. 

This approach addresses the requirements for the Onondaga Lake ROD and provides 
for consistency with modeling used to develop protective cap designs in the final 
design and subsequent design revisions. 

6.0  CSX SHORELINE MONITORING 

A dredging and capping offset was developed in RA-E in the vicinity of the active rail lines 
along the southeastern shoreline based on rail line stability considerations. This offset ranges from 
approximately 130 to 200 ft. from the shoreline, and impacts an area of approximately 10.1 acres. 
As specified in the Design Addendum for this area (Parsons and Anchor QEA, 2014), the remedial 
program for the offset area includes baseline surface sediment sampling at approximately the same 
density as sampled during the PDI for the full list of mean PECQ parameters plus benzene, toluene 
and phenol; total organic carbon (TOC); and grain size, and post-remedy surface sediment 
sampling at/near baseline locations to confirm natural recovery.  

Baseline sampling in this area was completed in autumn 2016. The 2016 baseline samples 
cores were collected from the 0 to 0.5 ft. depth interval. Sample locations are shown on 
Figure D.20. The shallowest sample intervals collected from the various borings in this area during 
the PDI were either 0 to 1 ft. or 0 to 1 meter. Baseline sample locations included the PDI locations 
where the shallowest sampling interval was 0 to 1 ft. to allow for comparison to historical PDI 
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shallow sediment analytical results. This includes the shallow PDI sample location in this area 
with the highest mercury concentration (OL-VC-70128). The maximum mean PECQ value 
measured in the shallowest interval during the PDI in this area was in the 0 to 1-meter interval of 
boring OL-VC-70030, therefore this location was also included in the baseline sampling plan. 
Additional baseline sampling locations were selected in deeper water, adjacent to reoccupied near-
shore PDI locations as shown in Figure D.20. 

Post-remedy sampling events and bathymetric surveys will be completed in this area in 2019 
and 2024 prior to the second and third United States Environmental Protection Agency (USEPA) 
five-year reviews. The need for scope and timing for subsequent monitoring in this area will be 
determined based on the results of the 2024 sampling event. 

7.0  QUALITY ASSURANCE AND DATA MANAGEMENT (QA/QC) 

Sample names, QA/QC samples, procedures, sample collection, data entry, and data validation 
for this portion of the work will be conducted in accordance with procedures summarized in the 
QAPP (Parsons et al. 2017a). Analytical results will be incorporated into the Honeywell’s data 
management system and, in conjunction with physical monitoring data, provided to NYSDEC in 
the preferred electronic data deliverable format following validation.  
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