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1 INTRODUCTION

1.1 Purpose and Scope

This document has been prepared on behalf of the SRSNE Site Group, an unincorporated association of
Settling Defendants to a Consent Decree (CD) and Statement of Work (SOW) for the Remedial
Design/Remedial Action (RD/RA) at the Solvents Recovery Service of New England, Inc. (SRSNE)
Superfund Site in Southington, Connecticut (Site). The CD was lodged on October 30, 2008 with the
United States District Court for the District of Connecticut in connection with Civil Actions No. 3:08cv1509
(SRU) and No. 3:08cv1504 (WWE). The CD was entered by the Court on March 26, 2009.

The Record of Decision (ROD) (United States Environmental Protection Agency [USEPA] 2005) and
SOW identify various components of the remedial action for the Site. Pertinent to this document, a key
component of the remedial action — in-situ thermal remediation (ISTR) to address a zone of overburden
non-aqueous phase liquid (NAPL) within and adjacent to the former Operations area — was implemented
between 2013 and 2015. Having completed that work (de maximis, inc. 2015), this document primarily
addresses the design of three subsequent ROD-specified components of the remedial action: excavation
and consolidation of impacted soils on the Cianci property, construction of a Resource Conservation and
Recovery Act (RCRA) Subtitle C cap (“RCRA cap”) in the former Operations Area of the Site, and
restoration of habitat areas affected by remediation (to the extent possible). It also addresses other
related activities to be implemented in conjunction with this phase of remedy implementation, including
modifications to the Non-Time-Critical Response Action (NTCRA) 1 sheet pile wall, addressing impacted
soils outside the planned RCRA cap limits (i.e., in addition to the targeted Cianci property areas), and
construction of a rails-to-trails pathway extending from Lazy Lane to Curtiss Street.

Sections V.D and E of the SOW call for conceptual (30%), pre-final (95%), and final (100%) design
submittals associated with the Remedial Design process. This approach was modified in the Remedial
Design Work Plan (RDWP) (Arcadis 2010c) such that the initial design submittal would target a 65%
design level to minimize the number of deliverables and streamline the design process. A document
targeting the 65% conceptual design level was submitted on March 31, 2016 for review and comment by
the USEPA and Connecticut Department of Energy and Environmental Protection (CT DEEP). Based on
comments received from both agencies, as well as discussions during a meeting on April 19, 2016 and
other design evaluations performed on behalf of the SRSNE Site Group, a draft 100% Design Document
was submitted on July 26, 2016. Based on comments received from both agencies, as well as additional
input provided via email and conference calls, responses to those comments were submitted on
September 28, 2016. USEPA subsequently issued an approval letter on September 28, 2016. Copies of
the agency comments with responses provided by the SRSNE Site Group, as well as a copy of the
USEPA'’s approval letter, are provided in Attachment 1 hereto. Having been revised to address the
agency comments and requirements of the approval letter, this document represents the final 100%
design level.
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1.2 Summary of Pre-Design Investigations

Various pre-design investigations have been performed to support the remedial design. This includes an
expanded/updated topographic survey, a vapor control system evaluation, and a habitat evaluation to
support the final restoration design. It also includes delineation of the five Cianci property excavation
areas based on the delineation approach described in the Soil Investigation Plan (SIP; Attachment | to the
RDWP). Finally, it includes a sampling program to delineate the nature and extent of dioxin! beyond the
planned cap limits such that dioxin-impacted soils can be appropriately managed in conjunction with this
work. The scope and findings of these activities are further discussed below.

1.21 Topographic Survey

A topographic survey was conducted during November and December 2015 by Pereira Engineering, LLC.
The purposes of the survey were to provide topography and site features along the railroad right-of-way
stretching from Lazy Lane to Curtiss Street, locate and determine the elevation of a newly installed rails-
to-trails wood footbridge over the Quinnipiac River, and provide updated topography where soil/debris
piles were expanded during the ISTR demobilization process. The results of this survey were
incorporated into the CADD base map for the Site and serve as the basis for the Design Drawings
(Appendix A).

1.2.2 Vapor Control System Evaluation

Section V.C.1.j of the SOW requires an “evaluation to determine whether (or not) a vapor control system
is needed below the cap.” As stated on Page 94 of the Record of Decision (ROD), “Based on current
data, EPA does not believe that a vapor control system will be a necessary component of the multi-layer
cap. However, further analysis of this issue will be performed during pre-design.” Accordingly, the
proposed approach for implementing this evaluation was described in the “Vapor Control System
Evaluation” document, which was included as Attachment J to the RDWP (Arcadis 2010d). The stated
purpose of the vapor control system evaluation is to assess the potential for vapor emission or
accumulation beneath the cap components that could lead to concerns associated with cap stability or
vapor accumulation to the extent that a vapor collection, control, and/or venting system would be
warranted as part of the cap design.

As stated in the Vapor Control System Evaluation document, the specific conditions that exist within the
former Operations Area following ISTR implementation represent a key factor affecting need for a vapor
control system as part of the cap. In accordance with the SOW and the In Situ Thermal Remediation
Remedial Action Work Plan and Project Operations Plan (TerraTherm 2014), the thermal remediation
zone was subject to confirmation soil sampling to verify that the ISTR component achieved its
Performance Standard of removing NAPL from the overburden soils. The scope and results of the
confirmation sampling were summarized in the “In-Situ Thermal Remediation Construction Completion
Report (de maximis, inc. 2015). As further discussed in that document, Interim NAPL Cleanup Levels
were achieved in all of the approximately 150 soil samples representing the final treated soil volume.

1 As used herein, “dioxin” refers to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs).

arcadis.com
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Because the Interim NAPL Cleanup Levels represented soil concentrations below which NAPL could not
be present, achievement of these goals demonstrates that NAPL was removed from the overburden soils.
As also stated therein, the ISTR process achieved 99.73% removal of the VOC mass, exceeding the
USEPA'’s expectations of 95 to 99% removal stated in the ROD.

The fact that the ROD indicated that USEPA did not believe that a vapor control system would be
necessary (pending further evaluation during pre-design), combined with the fact that the ISTR process
achieved Interim NAPL Cleanup Levels and removed a larger percentage of VOC mass than had been
expected, suggests that a vapor control system is not a necessary component of the RCRA cap. The
following considerations further support this conclusion:

ISTR operations were carried out for a minimum of two additional weeks after collecting soil samples
documenting achievement of the Interim NAPL Cleanup Levels. Accordingly, post-ISTR soll
concentrations are likely even lower than indicated by the final confirmation soil samples data.

Perimeter air monitoring for VOCs was performed during the pre-ISTR site preparation and ISTR
implementation phases of the work. Action levels protective of nearby receptors were not exceeded?
during either of these phases of work. In particular, the pre-ISTR site preparation activities were
performed at a time prior to the removal of overburden NAPL and prior to the vapor collection system
that operated during ISTR. As a result, the potential for ambient air impacts under those conditions
would have been greater than could be expected under post-ISTR, and post-cap conditions. The fact
that perimeter action levels were not exceeded under those conditions makes it extremely unlikely
that they could be exceeded after ISTR and cap construction.

In a municipal landfill, there is a potential for generation of pressurized gas buildup when solid organic
waste is converted to methane gas via biologically-mediated processes in the absence of oxygen.
Solid organic waste is not present in the cap area. Further, having removed residual NAPL, there is
no expectation of pressure accumulation beneath the cap such that venting would be required.

The potential for gas buildup beneath the cap due to anaerobic degradation of dissolved-phase VOCs
was evaluated conservatively assuming that all of the carbon in remaining dissolved-phase VOCs
would be simultaneously converted to methane (CH4) gas during instantaneous degradation.
Groundwater VOC results for ISTR wells sampled during the post-thermal treatment period were
used to estimate potential methane concentrations in groundwater. Estimated methane
concentrations ranged from 0.17 to 19.3 mg/L for the ISTR wells, with an average estimated methane
concentration of 6.8 mg/L. These results are consistent with measured methane concentrations in
groundwater at NTCRA 1 Area monitoring wells sampled during the post-thermal treatment
monitoring period where methane concentrations ranged from <0.0003 to 21 mg/L. The solubility of
methane at standard temperature and pressure is approximately 28 mg/L. Methane in groundwater at
concentrations below the solubility limit will tend to stay in solution and not result in release of gas to
the subsurface. Based on these results, there does not appear to be a significant potential for buildup
of gas beneath the cap due to anaerobic degradation of VOCs, even under the highly conservative

2 For reasons that could not be attributed to other sources, such as equipment calibration or operation of
vehicles.
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assumption that all of the VOC mass is simultaneously converted to methane via anaerobic
degradation.

e There are no buildings or receptors immediately adjacent to the cap area. Even in the unexpected
event of VOC migration via soil gas and surface expression near the perimeter, the VOCs would not
be diverted into occupied buildings or areas where receptors are routinely present.

Based on these data and considerations, a vapor control system is not included in the RCRA cap design.

1.2.3 Habitat Restoration Evaluation

An initial habitat characterization of the Site was performed in 2009 (Arcadis 2010a), prior to initiating
disturbances associated with remedial activities. The objective of the initial habitat characterization effort
was to identify the dominant vegetative communities supporting the natural habitats of the Site and
surrounding areas to enable the restoration design for these habitats if and when they are disturbed by
remedial activities. The results of that effort were summarized in the Habitat Characterization Report
(Arcadis 2010a). A subsequent site reconnaissance was performed in the fall of 2015 to observe the
extent of disturbances resulting from the prior remedial activities on natural habitats and identify the areas
where habitat restoration design is needed to re-establish pre-remedial conditions (where feasible). A
summary of key findings from the 2015 habitat reconnaissance is provided in Appendix B. The
disturbances resulting from remedial activities were defined and observed to occur in previously
characterized habitats such that the 2009 habitat characterization remains an appropriate baseline for
designing the restoration component of the current remedial design. The restoration of the identified
natural habits is discussed in Section 8 of this report.

1.2.4 Delineation of Cianci Property Soil Removal Areas

The remedial approach for the Site includes removal of soils from five discrete areas on the Cianci
Property to address sample locations where one or more constituents exceeded the cleanup levels for
soil and wetland soil indicated in Table L-2 of the ROD. To better delineate the horizontal and vertical
excavation limits for these five areas, pre-design sampling was proposed in the Soil Investigation Plan
(Attachment | of the RDWP). This sampling was initiated in May of 2010, although the initial sampling did
not result in complete delineation of the areas. Once site preparation and ISTR implementation activities
were completed, the delineation sampling resumed and was completed in August of 2015. The details
and results of the Cianci Property delineation sampling are described in the SIP Delineation Memo
(Arcadis 2016), which is provided as Appendix C hereto.

The basis for resulting horizontal and vertical delineations for each of the five discrete Cianci Property is
described in Appendix C. These delineations serve as the design basis for the initial target removal limits
and volumes that are reflected in this report and the associated design drawings. Note that the SIP
delineations were only for non-dioxin constituents; delineation of dioxin-affected areas are discussed in
the following subsection. Note also that these areas may be subject to bottom and sidewall confirmation
sampling as discussed in the Post-Excavation Confirmatory Sampling Plan (Attachment G to the RDWP)
and further discussed in Section 5.6 of this document.

arcadis.com
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Based on the delineations reflected in Appendix C, initial removal areas, depths, and volumes for the five
Cianci property excavation areas are summarized as follows:

Surface Area (ft?) Removal Depth(s) (ft) Volume Cubic Yard (CY)
2 94

EA-1 1,264

EA-2 818 1 30

EA-3 900 1 33

EA-4 1,695 2and 4 178

EA-5 10,280 2 761
Totals: 14,957 -- 1,096

Note also that, as further discussed in Section 5.6, additional “pre-delineation” sampling was performed in
the EA-5 area, resulting in additional modifications to the targeted removal limits and volume in that area.

1.2.5 Delineation of Dioxin-Impacted Soils

Table L-2 of the ROD does not include a cleanup level for dioxin in soils, but indicates that one will be
developed. Section V.C.1.i of the SOW calls for further assessment of dioxin impacts in soil following
implementation of the ISTR component of the remedy; this was reflected in the Soil Investigation Plan
(Attachment | to the RDWP). To address the SIP requirements for further dioxin sampling, and toward the
goal of developing an appropriate cleanup goal with the USEPA and CT DEEP, a conceptual site model
and work plan for additional dioxin characterization was submitted on August 24, 2015. Since that time,
extensive soil sampling and analyses have been performed to better define the nature and extent of
dioxin in soils in the vicinity of the Site. Through March 20186, this included the collection and analysis of
74 samples from 50 locations. The resulting data are summarized on Table 1 and Figure 2.

In a memorandum dated December 30, 2014, Arcadis derived and supported a proposed cleanup level of
50 picograms per gram [pg/g, or parts per trillion (ppt)] expressed as 2,3,7,8-tetrachlorodibenzo-p-dioxin
Toxic Equivalents (2,3,7,8-TCDD TEQ) for dioxin in soil at the SRSNE Site. That value was subsequently
approved by the USEPA in a memorandum dated March 30, 2015. However, CT DEEP rejected that
proposed criterion in a memorandum to the USEPA dated March 26, 2015. Pending additional data
collection and evaluation, Arcadis developed and proposed a recreational-based cleanup goal for soils,
along with supporting rationale. The recreational-based criterion (34 ppt TEQ) was identified in a
memorandum dated February 5, 2016, and provided to the agencies on February 9, 2016. That value
was subsequently approved by the CT DEEP as an additional polluting substance and alternative criteria,
as documented in a memorandum to de maximis dated March 16, 2016.

Despite approval of a 50 ppt TEQ soil cleanup level by the USEPA and a 34 ppt TEQ soil cleanup level
by the CT DEEP, the SRSNE Site Group is targeting the removal of soils exceeding 30 ppt TEQ as the
basis for the remedial design. This concentration (30 ppt TEQ) is consistent with concentrations detected
along the former railroad bed in areas unaffected by the SRSNE site, and thus considered representative
of local “background” conditions. The delineated extent of soils exceeding this target cleanup level is
shown on Figure 2, and includes two areas. One area is located to the south of the planned RCRA Cap
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limits and generally surrounds the former railroad corridor. The other represents a slight eastward
extension of EA-5 on the Cianci Property in the vicinity of the drainage pipe discharge. Accordingly, the
remedial approach presented herein includes excavating soils within these two areas, consolidating the
excavated soils beneath the cap, and backfilling the excavated areas will be restored with clean fill. This
approach is reflected in the Design Drawings included in Appendix A hereto.

Since the time of the February and March 2016 memoranda deriving and approving a Site-specific soll
cleanup level for dioxin, additional soil samples have been collected for the primary purpose of confirming
the horizontal and vertical extent of soils exceeding the target cleanup level (30 ppt TEQ). Pre-delineation
of these areas is critical because it will not be practical to perform confirmation sampling in the dioxin
removal areas based on the following considerations:

e Dioxin analyses require approximately three weeks from the time of sampling to the receipt of data,
and faster turnaround time is prohibitively costly. The need to collect and await data for confirmation
samples would cause delays in the work sequence and leave excavation areas open and exposed for
undue periods.

e The dioxin-based excavation area adjacent to EA-5 on the Cianci Property is located within the
floodplain of the Quinnipiac River where it will be necessary to excavate, backfill, and restore as
quickly as possible to minimize the potential for flooding or erosion of the excavated area.

¢ While some limited degree of flexibility is built into the design, the grading plan for the RCRA Cap
area reflects a specific expectation of soil volume to be consolidated beneath the cap area. Having
advanced certainty of the removal limits minimizes the potential for substantial volume variations that
could affect the cap design.

For the target soil excavation area to the south of the cap area (Figure 2), the area is delineated by 11
sample locations and encompasses an additional eight interior locations outside the RCRA cap limits.
Dioxin data are available at multiple and/or deeper depth increments for 13 of these 19 locations. Eight of
those locations indicate that the extent of soils exceeding 30 ppt TEQ does not extend beyond a depth of
6 inches, and the other five locations confirm that soils exceeding 30 ppt TEQ do not extend beyond 12
inches. As a conservative measure, the target excavation depth in this area will be 1 foot, and the existing
data confirm removal beyond this depth will not be required to achieve the target removal.

For the EA-5 soil removal area on the Cianci Property, pre-delineation of the dioxin removal area was
implemented as part of a supplemental investigation that included sampling throughout the EA-5
excavation area. This additional investigation was intended to fully pre-delineate the extent of removal in
the EA-5 area for both dioxin and non-dioxin constituents. The objectives and scope of that investigation
were summarized in a memorandum dated April 25, 2016, and the results were summarized in a
memorandum dated June 29, 2016 (copies of both documents are provided in Appendix D). As indicated
in the summary memorandum, the resulting data indicate that the planned removal limits in that area will
address soils exceeding the target soil cleanup level for dioxin.

1.3 Document Format

The remainder of this document is organized into eight sections that detail the subject design
components. The sections are briefly identified and described as follows:
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Section 2 — Overview of Design Components: provides an overview of the remedial construction
activities planned as part of this remedial component.

Section 3 — Site Preparation and Support: describes the various site-preparation and support
components associated with implementing the work.

Section 4 — HCTS Modification — NTCRA 1 Area: describes the design basis and approach for
modifying the NTCRA 1 sheet pile wall to allow groundwater to migrate beyond the wall now that
ISTR activities have been completed in the Operations Area source zone.

Section 5 — Soil Excavation and Consolidation: Summarizes the various areas where soil
excavation is planned outside the RCRA cap limits, with consolidation of those soils beneath the
RCRA cap.

Section 6 — RCRA Cap: Summarizes the planned cap limits and basis, cap components and
thicknesses, the integration of the rails-to-trails pathway across the cap area, and the modified
drainage features associated with the cap design. It also discusses plans for the incorporation of a
solar power array within the cap area.

Section 7 — Rails to Trails — Beyond the RCRA Cap Area: Presents design information associated
with construction of the paved rails-to-trails pathway between Lazy Lane and Curtiss Street outside
the RCRA cap limits.

Section 8 — Restoration of Habitats: Presents details regarding wetland mitigation and restoration
of vegetated habitat conditions in affected areas, to the extent possible.

Section 9 — Operation and Maintenance Plan: summarizes the preliminary operation and
maintenance (O&M) requirements associated with the site remediation components discussed herein.

Section 10 — References: lists documents cited herein.

Various supporting information is also provided in a series of appendices to this design report. In
particular, this includes Design Drawings (Appendix A) and Technical Specifications (Appendix E) that
describe the applicable design and construction requirements. Supporting engineering calculations for
various design elements are provided in Appendix F.

Reference is also provided to the separately bound Remedial Action Work Plan (RAWP) for RCRA Cap
construction activities. The RAWP provides additional information regarding the implementation of and
schedule for the various construction activities.
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2 OVERVIEW OF DESIGN COMPONENTS

As indicated in Section 1, this document provides design-related information associated with excavation
and consolidation of impacted soils on the Cianci property, construction of a RCRA Subtitle C cap in the
former SRSNE Operations Area, and other related activities to be implemented in conjunction with this
phase of remedy implementation. An overview of the key aspects of the design is as follows:

e Site preparation activities such as clearing, installation of erosion control measures, relocation of
perimeter fencing, establishment of construction support facilities, removal of abandoned utilities, and
drainage system modifications.

e Modifications to the NTCRA 1 sheet pile wall to allow for future subsurface groundwater flow beyond
the wall once capture of the groundwater is no longer needed in this area. The modifications include a
permeable trench and collection piping along the upgradient side of the wall, pipe penetrations
through the wall, valves to open or close the sheet pile penetrations if/as needed, permeable trenches
along the downgradient side of the sheet pile wall, and placement of fill to help maintain the water
table below ground surface under the modified conditions.

e Excavation of various soils located outside of the planned cap limits, consolidation of those soils
beneath the cap, and backfill of the excavation areas. Soils to be excavated from outside the cap
limits include the five Cianci property excavation areas identified in the ROD (as modified based on
delineation sampling), dioxin-impacted surficial soils exceeding cleanup goals, and existing soil/debris
piles associated with prior remedial construction phases. A borrow pit will also be excavated adjacent
to the Quinnipiac River floodplain to offset lost floodplain storage capacity associated with the NTCRA
1 fill area, and also to provide a portion of the fill for the NTCRA 1 fill area.

e Construction of a RCRA cap within the former SRSNE Operations Area, including a component of the
rails to trails path that will traverse the RCRA cap.

e Construction of a rails to trails path extending from Lazy Lane to Curtiss Street outside the limits of
the RCRA cap.

e Site mitigation, restoration, and stabilization activities. This includes measures to address wetland
areas impacted by the RCRA cap and NTCRA 1 modifications, restoration of ecological habitats (to
the extent possible) upon completion of the work, provision of temporary erosion and sedimentation
controls to stabilize post-construction conditions, and post-restoration monitoring to ensure
performance standards are met.

Design-related details associated with each of these activities are further discussed in the following
sections.
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3 SITE PREPARATION AND SUPPORT

This section discusses the various site preparation and support activities necessary to support the
remedial construction. This includes establishment of Contractor support areas (e.g., office trailer, parking
and staging areas, utility services, etc.), as well as initial site preparation activities (establishment of work
limits, erosion and sedimentation control measures, perimeter fence relocation, decommissioning of
certain existing utilities in the work area, providing for drainage during and following construction
activities, monitoring well modifications, and Site access).

3.1 Design Objectives

The design objectives of this component include:

e Provide onsite office space, parking, staging, utilities, and support areas to facilitate the construction.
e Establish work limits and limits of site clearing.

e Establish erosion and sedimentation controls in accordance with ARARs and best management
practices.

e Relocate perimeter fencing — and/or establish temporary fencing and controls — as needed to control
Site access and be consistent with anticipated post-construction Site uses.

o Establish an equipment cleaning area where materials and equipment can be cleaned after handling
impacted materials and before handling clean materials or otherwise being removed from the site.

e Properly decommission and/or remove abandoned utility connections that formerly serviced the ISTR
operations and that were not removed as part of the ISTR demobilization.

e Provide for drainage accommodating construction and post-construction periods.

¢ Modify existing monitoring wells as needed to support revised surface grades, and decommission
wells that are no longer needed or interfere with the remedial construction activities.

e Provide a revised access route from the groundwater treatment building to the NTCRA 2 extraction
well area to accommodate the revised surface grades intended for the NTCRA 1 area.

3.2 Construction Support

The target areas for project-related parking and Contractor office trailer are shown on the design
drawings (Appendix A). The Contractor will be responsible for providing a functional office trailer with
electric and water supply, phone, internet service, and sanitary facilities. These areas and services will be
established as part of the mobilization process and be maintained for the duration of the project. The
Contractor will also establish work zones, decontamination/cleaning areas (including as discussed in
Section 3.6), and support zones in support of the project.
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3.3 Work Limits and Clearing

The anticipated limits of work are shown on the design drawings (Appendix A). The Contractor will be
responsible for providing sufficient survey controls to define and work within this areas. The work limits
will also serve as limits of vegetative clearing where needed to implement the work. As shown on the
drawings, the work limits also serve as a basis for locating perimeter erosion control measures.

Brush and limbs cleared to facilitate the work will be chipped and stored on site (outside of the floodplain
area) for use as landscaping or erosion control material. Larger trees will be cut into lengths no greater
than 12 feet and stockpiled in an onsite location to be designated by the Site Manager.

3.4 Erosion and Sedimentation Controls

Before initiating clearing, excavation or capping activities, appropriate erosion control measures will be
installed to minimize the potential for migration of soils into or out of disturbed areas due to stormwater
runoff. These measures will include, at a minimum, the installation of catch basin inlet protection at
existing catch basins and the placement of silt fencing along the perimeter of the proposed cap, around
active excavation areas, and downgradient of proposed fill areas. Erosion and sedimentation controls will
be installed in accordance with the requirements of the 2002 Connecticut Guidelines for Soil Erosion and
Sediment Control. Target locations are illustrated on the design drawings (Appendix A), and
modifications/supplemental measures will be placed as needed based on site conditions and in response
to project changes (e.g., expanded excavation areas).

Erosion and sedimentation control devices will be monitored and maintained, and modified or expanded
throughout the duration of the project, as necessary, based on site conditions and activities. These
measures will be maintained for the duration of the project until such time that the final surface cover
installed during site restoration activities is established.

3.5 Perimeter Fencing

The main portion of the Site where the capping, grading and excavation activities will take place is
presently secured from unauthorized access by perimeter chain link fencing. Gates are located on the
north side of the Site at the main entrance driveway to the groundwater treatment building and at the end
of the paved road west of the rails to trails section. Two other gates are located at the south side of the
Site; one along the former railroad right-of-way and the other at the end of the gravel maintenance drive
that traverses the eastern half of the Site.

Prior to commencement of the construction activities, a portion of the existing chain link fence along the
southeast side of the Site will be relocated to allow access to an area where the NTCRA 1 grade
modifications will take place.

As part of the restoration activities, a permanent chain link fence will be erected along the right-of way on
both sides of the rails to trails segment that crosses the cap area. Access to the cap area on the west
side of the rails to trails pathway will be through the gate at the end of the paved drive on the north side of
the cap and access to cap and NTCRA 1 area on the east side of the rails to trails segment will be
through the main entrance driveway to the groundwater treatment building.
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3.6 Equipment Cleaning Area

Equipment that has been used for excavation and handling of impacted materials — including soils
excavated from outside the cap for consolidation beneath the cap — will be subject to cleaning prior to
relocating to an area outside the remediation area (i.e., exclusion/contaminant reduction zones), before
handling fill materials after having handled impacted materials, and prior to departing from the site.
Equipment cleaning will be performed in a designated area that is, at a minimum, underlain by an
impermeable barrier sloped to a collection sump. The anticipated design and location of the equipment
cleaning area are indicated in the Design Drawings. Equipment cleaning requirements are further
discussed in the RAWP.

3.7 Removal of Abandoned Utilities

Utilities previously installed to support the ISTR process equipment and treatment system will be
abandoned and removed. These utilities include the electric, gas, water, communication and sanitary
sewer services that serviced the ISTR equipment area. The status of each of these utilities is further
discussed below. The utility locations are shown on Design Drawing 3 in Appendix A.

Electric Service - temporary utility poles, overhead electric lines, and power service were installed by
Connecticut Light and Power (CL&P) from Curtiss Street along the former railroad right-of-way up to the
southern portion of the Site. The overhead lines to the ISTR process equipment area have been removed
and some of the temporary poles and overhead lines along the railroad right-of way remain in place. The
temporary poles and lines are expected to be removed by CL&P prior to the start of construction.

Gas Service — a 2-inch gas service was installed on the north side of Lazy Lane by Yankee Gas
Company from a connection to an existing gas main on Queen Street to the ISTR process equipment
area. Yankee Gas has disconnected the gas pipeline, although the pipe is still present at the Site. For the
purpose of this work, all sections of gas pipeline on the ISTR side of the concrete vault (located adjacent
to the ISTR process equipment area) will be removed and the outlet pipe plugged with concrete grout on
the supply side of the vault. The location of the gas service and the concrete utility vaults to be
abandoned is shown on the Site Preparation Plan, Drawing 3, in the Design Drawings.

Water Service — a 2-inch water service that runs from a concrete vault in the former process equipment
area to the water supply at the west side of the treatment building will be abandoned. In the treatment
building, the water service backflow preventer will be removed and the service capped. The water service
pipe will be removed from the concrete vault and the outlet pipe plugged with concrete grout.

Sewer Service — a 2-inch sewer service, sanitary sewer pump station, and meter vault were installed to
convey ISTR treatment wastewater to the Town sewer main on Lazy Lane. The wastewater was pumped
from the pump station manhole through a 2-inch diameter HDPE force to a 4 foot diameter precast
concrete manhole and then conveyed by a 6-inch polyvinyl chloride (PVC) gravity pipe to the Town’s
sanitary sewer manhole. A separate concrete meter vault is located between the concrete vault in the
former ISTR process equipment area and the 4 foot diameter precast concrete manhole. The piping,
pumping equipment, and meter will be removed from the concrete vaults. The section of subgrade piping
from the meter vault to the gravity drain manhole will be abandoned in place and plugged at both ends.
The gravity drain manhole is being repurposed for use as part of the revised HCTS discharge to the
sanitary sewer.
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Communication — a telephone conduit and cable was also installed from a panel located in the former
process equipment area to the treatment building. This utility will be abandoned by removing the cable
from the conduit and cutting and capping the conduit below grade.

The existing service lines that connected to the process equipment on the service side of the vaults, and
which were left in place and terminated above grade following completion of ISTR treatment, will be
removed from the connection point back to the service vault. After the equipment and pipelines are
removed from the concrete utility vaults/manholes and inlet and/or outlet pipes plugged, the concrete
structures will be abandoned by removing the top slabs, punching holes in the bottom slabs, and filling
the structures with concrete.

3.8 Drainage Modifications

Installation of the RCRA cap in the proposed configuration will require modifications to portions of the
existing drainage swales at the perimeter of the proposed cap area. The perimeter swale on the south
side of the cap will be regraded where the fill slopes from the cap impact the existing drainage channel
and a new drainage swale will be installed on the east side of the cap. The existing drainage swale on the
northwest side of the cap and existing maintenance road will not be impacted by the cap installation and
will remain in the current condition.

The drainage flow from the existing swale located on the south side of the RCRA cap presently outlets to
the east side of the existing railroad right-of-way and travels by overland surface flow to Wetland Areas C
and D (see Design Drawing 2 in Appendix A) and ultimately to the Quinnipiac River. The placement of fills
for the cap and rails to trails alignment will require that a new 15-inch HDPE culvert be placed below the
rails to trails alignment to allow the flow from the swale to continue to drain to the east. Further, as
discussed below, modification of the drainage pathway downgradient from the culvert will also be required
as a result of planned grade maodifications to the surface grades in the NTCRA 1 area.

A new drainage swale will be installed between the east side of the cap and the proposed NTCRA Area 1
soil mound grading (see Section 4). This swale will collect stormwater runoff from the cap area on the
east side of the rails to trails alignment and the west side of the soil mound grading. The swale will drain
north to a new catch basin inlet that will connect to an existing catch basin adjacent to the former ISTR
process equipment area, which drains to a 30-inch diameter culvert that was installed for the Pre-ISTR
construction (and which also discharges to the Quinnipiac River). The existing catch basin, which is
located in the fill slope area just outside of the RCRA cap limits, will be converted to a manhole and the
rim elevation adjusted to match the grades resulting from the RCRA cap fill slope.

No drainage modifications will be necessary for the rails to trails segment that is located north of the cap
area since the drainage in this area was reconfigured during the Pre-ISTR construction. For the rails to
trails segment south of the cap, the existing drainage features and patterns will be maintained. However,
re-grading of the ditch located on the west side of the rails to trails will be necessary where the proposed
rails to trails section width extends beyond the width of the existing rail bed.

In addition, the proposed NTCRA 1 area soil fill (Section 4) will eliminate Wetlands C and D (Section 8),
and affect the drainage where the proposed 15-inch culvert draining the south perimeter swale (discussed
above) would otherwise flow overland towards the Quinnipiac River. As a result, the drainage
modifications will also include a manhole on the downgradient (east) side of the former railroad right-of-

arcadis.com
SRSNE_RCRA Cap 100pct Design Report_0721612248_101916.docx 12



RCRA CAP 100% DESIGN REPORT (FINAL)
SRSNE Superfund Site
Southington, Connecticut

way, and a new drainage swale extending southeast and discharging to an existing drainage swale within
the floodplain area. This manhole and swale configuration will minimize surface water recharge along the
groundwater path between the NTCRA 1 containment wall and the NTCRA 2 pumping wells in
anticipation of a future condition under which groundwater is allowed to bypass the NTCRA 1 sheet pile
wall and be directed toward the NTCRA 2 recovery wells (Section 4). The manhole and swale
configuration is shown on Design Drawing 6A in Appendix A.

3.9 Monitoring Well Modifications

Certain existing monitoring wells will require modification or decommissioning to accommodate the
planned construction activities. In particular, several existing wells fall within the planned limits of the
NTCRA 1 area grade modification and are expected to be maintained for post-construction monitoring.
These wells may be fitted with riser extensions, as needed, to ensure they are above ground level and
accessible for sampling under the modified surface grade conditions. A detail showing the typical well
riser extension method is provided on Design Drawing 26 in Appendix A. The list of wells subject to riser
extensions include CPZ-1, CPZ-1R, CPZ-2A, CPZ-3, CPZ-3R, CPZ-4A, CPZ-5, CPZ-5R, CPZ-6A, CPZ-
7, CPZ-7TR, MW-413, MW-415, MW-416, MW-902D, MW-902M, MW-908D, MWL-304, MWL-307, and P-
5B. For each of these wells, the approximate riser extension length is indicated on Design Drawing 11 in
Appendix A.

Certain wells will also be abandoned because they are no longer needed for monitoring purposes and/or
interfere with the planned remedial activities. The wells to be abandoned include ISTR-1 through -6,% TW-
08A, TW-08B, and TW-08D. Wells ISTR-1 through ISTR-6 are located within the portion of the former
Operations Area that was subject to ISTR, and within the boundaries of the RCRA cap. Because these
wells will not be needed for post-cap monitoring, they will be decommissioned prior to cap construction.
Similarly, wells TW-08A, TW-08B, and TW-08D are located within the limits of the proposed RCRA cap
and will be decommissioned as the point of compliance for groundwater specified in Section IV.A.1 of the
SOW is the edge of the cap. Wells will be decommissioned consistent with the approach described in the
Field Sampling Plan (Attachment B of the Remedial Design Project Operations Plan [Arcadis 2010e]).

The remediation contractor will be required to mark and protect wells not intended for decommissioning
so that they are not damaged or lost in the course of construction activities. Wells that are damaged, lost
or destroyed by the construction activities will be repaired or replaced as needed.

3.10 Maintenance Access

To accommodate access to the portion of the RCRA Cap west of the rails-to-trails pathway for the
purposes of cover maintenance and access to the solar panel array, improvements will be made to the
existing roadway that formerly serviced the SRSNE Operations Area. Due to the prior site work to
accommodate the ISTR activities, and additional planned grade changes associated with the RCRA Cap,
the area inside the perimeter fence is currently at a higher elevation than the existing road surface at the
existing gate location. To transition from the existing road grade to the final cover surface, the new access

3 Well ISTR-7 was also located within the ISTR area, but was damaged and decommissioned as part of
the ISTR demobilization activities.
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road entrance will ramp up from the existing road elevation to the cap at a maximum grade of 12%. The
access road will continue at the 12% grade perpendicular to the 6H:1V cap slope to the plateau area
where a vehicle parking and turnaround area will be located adjacent to the solar panel array. The
entrance ramp from the existing road to a point between the perimeter fence and RCRA cap will be
surfaced with asphalt pavement and the remaining section along the cap will be surfaced with
stone/gravel. In addition, based on USEPA comments regarding the draft 100% design, geogrid will be
incorporated beneath this access road and ramp to enhance the soil stability under loaded conditions.
Details associated with this modified access are shown on Design Drawings 13, 27, and 28 in Appendix
A. In addition, the existing fence and gate at this location will be modified such that the fence and gate
accommodate the revised grade elevation of the access road.
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4 HCTS MODIFICATION - NTCRA 1 AREA

Although not a ROD/SOW-required component of the Site remedy, modifications will be made in the
vicinity of the NTCRA 1 sheet pile wall in anticipation of future operational modifications to the HCTS. The
modifications will provide flexibility for future HCTS operations when extraction well operations in the
NTCRA 1 area are no longer needed. At such time, pumping from the NTCRA 1 extraction wells will be
discontinued and groundwater will be allowed to bypass the wall by gravity flow. Such operational
modifications are anticipated based on the fact that the upgradient overburden source zone has been
remediated via ISTR, and groundwater containment can be maintained at the downgradient NTCRA 2
collection system. Operational modifications to the HCTS are also consistent with SOW Sections 1V.B.2
and V.C.4. Section 1V.B.2 allows for modifications or enhancements to the HCTS that decrease the costs
or time of system operation provided they are carried out in a protective, compliant, effective, and cost-
effective manner, as determined by USEPA. Section V.C.4 allows for a containment/treatment evaluation
and optimization study to identify potential post-ISTR modifications to the HCTS.

The NTCRA 1 area modifications include installation of collection trenches/pipes along a portion of the
upgradient (west) side of the sheet pile wall, three penetrations through the wall, valves at the penetration
points to allow flow control (if necessary), distribution trenches/pipes along the downgradient (east) side
of the wall, and surface grade adjustments to facilitate surface drainage and maintain the water table
below ground surface. These modifications are being made in conjunction with the RCRA cap
construction to capitalize on the equipment and Contractor capabilities, reduce administrative
requirements for future work, and to avoid re-work that might otherwise be required if the NTCRA 1 area
modifications were instead implemented as a separate, future phase of work.

The development of the NTCRA 1 modifications, including the trench configuration and the grading plan,
was supported by the existing MODFLOW model that was developed and utilized during prior design and
evaluation steps. Specifically, the model was used to simulate various trench configurations and the
associated effect on groundwater mounding and flow patterns downgradient of the sheet pile wall under
future operational scenarios. Information regarding the development, calibration, and use of the regional
MODFLOW model is provided in Appendix G.

4.1 Scope and Objectives
The design objectives of this component include:

e Providing infrastructure to support potential future cessation of pumping at the NTCRA 1 groundwater
extraction wells;

¢ Modify the existing sheet piling to provide engineered perforations to allow groundwater to migrate
through the barrier by gravity flow;

e Construct drainage trenches/pipes hydraulically connected to the sheet pile perforations inside
(upgradient) and outside (downgradient) of the sheet pile to facilitate upgradient collection and
downgradient distribution of groundwater;

e To the extent practical, maximize the extent to which groundwater that passes through the sheetpile
wall via the trench system is directed towards the NTCRA 2 collection wells; and
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e Re-grade the area with clean soil to help maintain the water table below grade during future gravity
flow of groundwater through the sheet pile wall.

4.2 Sheet Pile Breach

The NTCRA 1 extraction system consists of an array of 12 overburden groundwater extraction wells (RW-
1 through RW-12, of which RW-5 and -6 have been decommissioned) and a downgradient sheet pile wall
that, in combination, hydraulically and physically contain overburden groundwater migrating from the
former SRSNE Operations Area. Groundwater extracted by the NTCRA 1 extraction system is currently
pumped directly to the groundwater treatment building for treatment prior to discharge to the Quinnipiac
River. Future deactivation of the NTCRA 1 extraction wells will necessitate the breaching of the sheet pile
containment wall so that the groundwater is allowed to flow by gravity to the downgradient side of the
wall. Predictive groundwater flow simulations were performed using the same MODFLOW model that
Arcadis previously used to evaluate potential groundwater flow conditions during thermal remediation.
Based on the simulation results, the total expected groundwater flow rate of less than 10 gallons per
minute (gpm) can flow freely (via gravity) through the NTCRA 1 sheet pile wall by implementing the
following NTCRA 1 system modifications:

e Installation of 6-inch diameter perforated collection and distribution pipes in a minimum 4-foot deep
trench along portions of the interior and exterior of the existing sheet pile wall. The trenches will be
approximately 2.5’ wide, lined with geotextile, and backfilled with pea gravel (material properties
identified in Technical Specification Section 31 23 05 in Appendix E) fill to help ensure high
permeability and free flow of groundwater. The trench configuration also includes four lateral
extensions extending 60 feet south to enhance flow of the groundwater toward the NTCRA 2
collection wells.

e Three pipe penetrations through the sheet pile containment wall to allow groundwater to flow through
the wall. The penetrations at the wall will include welded seals at the connections between these
pipes and the sheet pile wall. The piping at the wall penetrations will also include valves at the
surface that will allow the flow rate through the wall to be controlled, if necessary or desired. Note that
only two penetrations are anticipated for use; the third is a contingent penetration.

4.3 Grade Modifications

In addition to the modifications discussed above, soil fill will be placed on the ground surface over a
portion of the NTCRA 1 area. Note that before the installation of the NTCRA 1 sheet pile wall, the water
table in the area was already shallow and ponded water was observed at ground surface on a seasonal
basis. Raising the ground surface as part of the overall capping and earthwork activities described herein
will help maintain the water table below the ground surface in the absence of NTCRA 1 groundwater
pumping, under a future condition of free gravity flow. The horizontal and vertical extent of the grade
modifications for the soil cover were identified based on groundwater flow simulations as discussed
above.

The target grading design for the NTCRA 1 area soil fill is shown on Design Drawing 10 in Appendix A.
The total fill volume in this area is approximately 6,330 CY. Placement of this fill zone will result in
placement of approximately 400 CY of fill within the Quinnipiac River floodplain below the 100-year flood
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elevation (approx. 154.9 feet NGVD29). The fill in this area will be offset by the excavation of an area
adjacent to the Quinnipiac River floodway, just south of Wetland G. This excavation area is shown on
Design Drawing 10 in Appendix A; this excavation will increase the flood storage volume by
approximately 460 CY to offset the fill-related loss. An evaluation of the net effect on wetland areas of the
Site is provided in Section 8. Excavation of this area will also provide approximately 830 CY of soil fill that
can be used toward the fill volume used to raise the grade in the NTCRA 1 area.

Imported fill material used for the remainder of the NTCRA 1 area grade modifications will be subject to
grain size analyses (among other requirements) prior to approval. This is based on the fact that the model
assumed a hydraulic conductivity of the fill material that is consistent with the existing shallow overburden
soils. Accordingly, Section 31 23 05 of the Technical Specifications specifies the target grain-size
distribution data NTCRA 1 area soil fill. These data must meet the specified grain size distribution or
otherwise be approved by a hydrogeologist prior to the use of that material as fill within the NTCRA 1
area.

Following placement and grading, the soil fill material in the NTCRA 1 area will be revegetated as
described in Section 8. In the longer term, this is anticipated to include re-establishment of a
scrub/forested habitat. The selection of species and their specific placement can be better identified in the
future once NTCRA 1 area HCTS modifications have been implemented and the modified hydraulic
conditions are better defined. At that point, species best suited to the hydrologic conditions can be
selected for planting to increase the long term survivability of the vegetation. Tree and shrub species to
be planted in this area will be selected from the upland and wetland species listed on Design Drawing 14
in Appendix A). Additional native species appropriate for site conditions may be incorporated into the
planting of this area. In the interim, the area will be restored with suitable grasses to maintain the lawn-
type conditions that presently exist in this area.

Note also that the NTCRA 1 area soil fill will encompass portions of the existing access road between the
treatment building and the NTCRA 2 extraction wells. As a result, a revised access road will be
constructed for this reach. The revised configuration is shown on Design Drawing 13 in Appendix A.
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5 SOIL EXCAVATION AND CONSOLIDATION

This component of the remedial scope involves the excavation and consolidation of soils from targeted
areas outside the RCRA cap into the cap area prior to cap construction. The consolidated materials will
be graded to achieve an appropriate subgrade for cap construction. The materials to be consolidated
beneath the cap include soil/debris piles generated during prior remedial activities, soils to be excavated
from the Cianci property excavation areas, dioxin-impacted soils from outside the planned RCRA cap
limits, and other ancillary soils (e.g. from perimeter swale excavations/modifications). For certain areas,
post-excavation confirmation sampling will be required, such that the design needs to accommodate
potentially variable consolidation volumes.

5.1 Scope and Objectives

Section IV.A.2 of the SOW establishes the following Performance Standard applicable to soil and wetland
soil at the Site:

Cleanup Levels for contamination in soil and wetland soil are specified by EPA in Table L-2 of
the ROD... Cleanup Levels must be met at the completion of the Remedial Action for soil
beyond the extent of the cap... and, in soil and wetland soil on the Cianci property (shown in
Figure 7 of the ROD...), after excavation of hotspots. The depths to which these Soil and
Wetland Soil Cleanup Levels apply will be in accordance with CT regulations which specify
that DEC apply from the ground surface to a depth of 15 feet below the surface unless the
soil is inaccessible as defined in the CT RSRs... PMC apply from the ground surface down to
high water table as noted in the RSRs.

Other pertinent design objectives associated with soil management discussed in this section include:

e Provide for management of stockpiled soil and debris generated in the course of prior remedial
activities beneath the RCRA cap;

e Provide for excavation and consolidation of other impacted soils outside the cap limits (namely dioxin-
impacted soils at concentrations above cleanup levels);

e Understanding the net volume of soils to be accommodated beneath the cap in order to plan for this
volume as part of the subgrade design; and

e To the extent possible, provide a subgrade design that can accommodate some degree of additional
soil volume in the event that confirmation sampling (Section 5.6) triggers additional soil excavation
beyond the target limits.

5.2 Soil Piles

Existing soil/debris piles were produced in association with prior remedial construction phases. These
soil/debris piles will be excavated to a minimum of 4 inches below pre-existing surface and consolidated
under the proposed RCRA cap. It is not anticipated that confirmation sampling will be needed after these
soil piles have been removed, as they were temporarily staged at these locations, and the staging
locations are outside the limits of areas identified for soil removal based on prior sampling efforts.
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A stockpile consisting of approximately 500 CY of soil, rock and concrete debris generated from the pre-
ISTR and ISTR construction and demobilization is located on the southeast side of the cap area. This
material will be excavated and consolidated as fill under the RCRA cap grading layer. Larger pieces of
rock and/or concrete will be broken up and/or segregated and placed at the toe of the terraces where the
fill below the cap is 3 feet or more in depth (see Design Drawing 7 in Appendix A). Loose metal, some of
which is present within the debris pile, will be segregated and disposed prior to consolidating the debris
beneath the cap area.

5.3 Cianci Property Excavation Areas

As a component of the remedial approach in the ROD, the five discrete areas on the Cianci Property
exceeding applicable cleanup levels will be excavated and placed under the RCRA cap. Based on the
results of pre-design and supplemental sampling activities (Appendices C and D), excavation of each of
the five areas will initially extend to the horizontal and vertical limits depicted on Design Drawing 4 in
Appendix A. Where necessary (see Section 5.6), removal limits will be confirmed via bottom and sidewall
confirmatory samples or the depth-related applicability of the Pollutant Mobility Criteria (PMC) and/or
RDEC, as discussed in the Post-Excavation Confirmatory Sampling Plan (Attachment G to the RDWP).

Due to its location within the Quinnipiac River floodplain, certain implementation-related controls have
also been developed to facilitate the timely completion of excavation and restoration activities in the EA-5
excavation area. Those measures are discussed in Section 5.5.4 of the companion RAWP document.

5.4 Impacted Soils Outside Cap Limits

As discussed in Section 1.2.5, areas of dioxin-impacted exist outside the planned RCRA cap boundaries.
The specific removal limits were developed in consideration of the existing soil analytical dataset,
derivation of the CT DEEP-approved recreationally-based soil cleanup level (34 ppt dioxin), and the
SRSNE Site Group’s intent to target soils containing concentrations above a lower threshold (30 ppt
dioxin) reflective of background concentrations indicated by nearby sampling. The resulting removal limits
for dioxin-impacted spoils outside the planned cap limits are shown on Figure 2 and Design Drawing 4 in
Appendix A. This includes an area of approximately 29,000 square feet south of the proposed cap
boundaries, as well as an extension of Cianci Property excavation area EA-5 to encompass an area of
approximately 1,320 square feet to the east of the SIP-delineated removal boundary. Based on existing
data, the target excavation depth in each area will be 1 foot. This results in a target excavation volume of
approximately 1,130 CY of dioxin-impacted soils to be consolidated beneath the cap.

Excavation areas outside the cap limits would be backfilled with clean fill and topsoil, and restored (to the
extent possible) using pre-existing conditions as described in Section 8.

5.5 Ancillary Soils

Ancillary soils excavated for construction-related purposes will also be consolidated beneath the RCRA
cap. This is anticipated to include approximately 190 CY of soil excavated as part of modifying the
drainage swales along the east and south portions of the RCRA cap, as shown on Design Drawing 6 in
Appendix A. It also includes approximately 580 CY of soils excavated to construct the collection and
infiltration trenches along the NTCRA 1 sheetpile wall, as described in Section 4.
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5.6 Confirmation Sampling and Contingent Excavation

The need for and scope of post-excavation sampling is a function of several factors, including the reason
for the removal (i.e., dioxin or non-dioxin-impacted areas), the existing data, the depth of excavation, and
the approach to post-excavation confirmation sampling described in the Post-Excavation Confirmatory
Sampling Plan (Attachment G to the RDWP). For areas where planned soil removal is based on an
exceedance of the soil cleanup level for dioxin (i.e., the excavation area to the south of the RCRA cap
and the eastern extension of EA-5 on the Cianci Property), post-excavation sampling is not required. This
is based on the fact that the dioxin-based removal areas were pre-delineated in order to, among other
reasons, avoid long implementation delays associated with dioxin analysis in post-excavation samples.
Pre-delineation of the dioxin-based removal areas was discussed in Section 1.2.5 and in Appendix D.
Further, the data and intent to pre-delineate these area were presented to the USEPA and CT DEEP on
May 11 and 12, 2016. USEPA approved the pre-delineation approach on May 16, 2016 and CT DEEP
approved it on June 15, 2016.

The following subsections summarize the approach for post-excavation confirmation sampling in non-
dioxin-based removal areas, followed by an evaluation of the need for and scope of post-excavation
confirmation samples in each of the five Cianci property excavation areas.

5.6.1 Approach

The approach for confirmation sampling is outlined in the Post-Excavation Confirmatory Sampling Plan
(Attachment G to the RDWP), which was developed prior to establishment of a site-specific soil cleanup
level for dioxin, and thus has been applied to non-dioxin constituents where such constituents are the
basis for establishing the removal area (i.e., EAL through EA5 on the Cianci Property). That approach
generally calls for post-excavation confirmatory samples to be collected from the bottom and/or sidewalls
of each excavation to confirm that soils impacted above SOW-specified cleanup levels have been
removed following excavation to targeted limits. If necessary based on the initial samples, further
excavation and confirmatory sampling will be conducted until cleanup levels are achieved.

For each excavation area, sidewall samples will be collected as needed to provide at least one sample
per 50 linear feet of excavated perimeter, with a minimum of three perimeter samples for each individual
excavation area. To the extent possible, existing samples (including pre-design delineation samples; see
Attachment | to the RDWP and Appendix C hereto) will serve as a basis for confirming excavation area.

The need for post-excavation bottom sampling will be determined based on the type of regulatory
exceedance that prompted the excavation. In the event that bottom verification samples are required,
samples will be collected at a frequency of one sample per 1,000 square feet of excavated area. Bottom
samples will be collected from a depth of 0- to 1-foot below the bottom of the excavation.

For each area, confirmatory sampling will focus on the specific constituent(s) that triggered the need for
excavation in that area. If an area is targeted for soil removal based on an exceedance of lead, then the
sidewall and bottom samples will be analyzed for lead only. In areas where removal is based on
exceedance of PMC-based standards, and the excavation does not extend below the seasonal low water
table, the verification samples may initially be analyzed for total concentrations of the target constituents.
If the total concentration (measured in milligrams per kilogram [mg/kg]) exceeds the applicable cleanup
level for a PMC-based standard (measured in milligrams per liter [mg/L]), by a factor of more than 20, the
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verification sample would be analyzed for the target constituent(s) using the Synthetic Precipitation
Leaching Procedure (SPLP) method. If the total concentration (mg/kg) is less than 20 times greater than
the PMC-based standard (mg/L), the sample will be deemed to meet the PMC-based cleanup level.

If any sidewall confirmation sample exceeds applicable cleanup criteria for a constituent(s) of concern, as
detailed in Table L-2 of the ROD, this will trigger excavation to extend out a minimum of ten feet
horizontally from that sample. After the completion of this additional excavation, three new sidewall
confirmation samples will be acquired and analyzed for the constituent(s) of concern that triggered the
step-out. If one of these new samples exceeds cleanup criteria for that constituent(s), then an additional
step-out will occur. This will take place until all confirmation samples return values below cleanup criteria
for the constituent(s) of concern that initially triggered excavation.

If any bottom confirmation sample exceeds applicable cleanup criteria for a constituent(s) of concern, as
detailed in Table L-2 of the ROD, this will trigger excavation to extend a minimum of one additional foot
vertically. After the completion of this additional excavation, one new bottom confirmation samples will be
acquired and analyzed for the constituent(s) of concern that triggered the additional vertical excavation. If
the new sample exceeds cleanup criteria for that constituent(s), then additional vertical excavation will
occur. This will take place until the bottom confirmation sample returns a value below cleanup criteria for
the constituent(s) of concern that initially triggered excavation.

5.6.2 Evaluation

For areas EAL through EA4, the need for and scope of post-excavation confirmation samples were
evaluated in the course of developing this 100% Design Report so that the number and type of post-
excavation confirmation samples could be anticipated and planned. This evaluation considered the
existing delineation data (Appendix C) and the general approach for post-excavation sampling discussed
in the Post-Excavation Confirmatory Sampling Plan. The resulting evaluation is presented in Table 2. As
indicated on that table, each of these areas has sufficient delineation data to confirm the areal extent of
removal at a frequency of greater than one sample per 50 feet of excavation perimeter such that no
additional sidewall sampling is heeded. However, one or more bottom verification samples will be
required in EA-1 through EA-3 to achieve the target of one sample per 1,000 square feet of area. The
target analytes for post-excavation bottom samples in each area indicated on Table 2. Table 2 also
indicates the depths below which PMC- or DEC-based criteria would no longer apply. In the event that
excavation extends below those depths, no further bottom sampling would be required.

Table 2 also indicates that no additional bottom samples will be required from EA-4. As shown on the
Design Drawings, excavation will proceed to a depth of 4 feet in one portion and 2 feet in the remainder of
this area. Two previously collected delineation samples (EA4-3 and EA4-4 collected at depths of 2-4 feet
below grade) confirm the extent of removal for the 2-foot excavation area. The 4 foot excavation area
extends below the depth at which the PMC and DEC criteria apply (given the expected ELUR for the site),
such that no additional bottom sampling is required in that area. Note also that EA-4 is within the planned
NTCRA 1 fill area such that the excavation depth of 4 feet relative to existing grade will be even deeper
relative to proposed grade in this area.

In the course of performing a similar evaluation for EA5, it was determined that further pre-delineation
sampling was warranted in that area to facilitate timely and efficient remedy implementation in this area
due to its location within the floodplain. This was discussed with the USEPA and CT DEEP during a
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project coordination meeting on April 19, 2016. The scope and objectives of the sampling were
summarized in a draft work plan memorandum dated April 25, 2016 (Appendix D), and the sampling was
performed on April 28, 2016. The results were summarized in a memorandum dated June 29, 2016
(Appendix D). As indicated in that memorandum, EA-5 is pre-delineated for all target constituents with the
exception of PCBs at two of the samples that were collected to represent the bottom of the planned
excavation limits. Accordingly, the removal limits presented in this Design Report reflect an additional foot
of planned excavation around those areas, with additional bottom and sidewall sampling within the
extended removal areas as described in the June 29, 2016 memorandum.

Based on the evaluations presented above and in Table 2 and Appendix D, the planned scope of post-
excavation confirmation sampling is summarized as follows:

Sldewall SENTES Bottom SEWTES
Area Analyses
Depth Depth

EA-1 2-3'bgs  SPLP Lead

EA-2 0 N/A 1 1-2’bgs  benzo(b)fluoranthene,
benzo(k)fluoranthene

EA-3 0 N/A 1 2-3'bgs  benzo(b)fluoranthene,

benzo(k)fluoranthene, PCBs,
chromium (total and SPLP),
cadmium (total and SPLP)

EA-4 0 N/A 0 N/A N/A
EA-5 (DEL-B1 area) 3 2-3’ bgs 2 3-4’ bgs

PCBs
EA-5 (DEL-B10 area) 1 1-2’' bgs 1 2-3’ bgs

The bottom samples from EA-5 will be collected from representative locations within the excavation area.
The bottom samples from EA-2 and EA-3 will be collected from the approximate mid-point of the
excavation area. The bottom and sidewall samples will be collected from the approximate locations
indicated on Figure 3 from the June 29, 2016 memo included in Appendix D. All of the samples will be
analyzed on a rush laboratory turnaround time to minimize potential project schedule delays or extended
durations of open excavations. Should any of the samples indicated exceedances of the cleanup
objectives, additional removal and subsequent confirmation samples will be implemented in accordance
with the approach indicated above.
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5.7 Volume Summary

The various sources and volumes of soil to be excavated and consolidated beneath the RCRA Cap as

part of this work are summarized as follows:

Existing Soil Piles (plus 4” underlying soil) 540

Cianci Property Excavation Areas (based on target 960

removal areas)

Dioxin-Impacted Soils outside Cap Limits 1,130

Perimeter Drainage Swale Modifications around Cap 190

Collection and Infiltration Trenches along NTCRA 1 580

sheetpile wall

Perimeter Anchor Trenches 200

Additional Excavation Based on Confirmation Samples TBD
Total: 3,600 CY (+)
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6 RCRA SUBTITLE C CAP

This component of the remedial scope involves construction of a RCRA Subtitle C cap in the Former
Process Area of the Site.

6.1 Scope and Objectives

Section IV.B.1 of the SOW establishes the following Performance Standard applicable to the RCRA cap:

The cap shall be a low-permeability, multi-layer RCRA Subtitle C cap. It shall be designed,
constructed and maintained to meet the requirements of the CT RSRs (as determined by
EPA) for an "engineered control" and shall have a permeability of less than 1 x 10 cm/sec.
The cap shall also be designed and constructed so as to be consistent with Final Covers on
Hazardous Waste Landfills and Surface Impoundments (EPA/530-SW-89-047) and Technical
Memorandum: Revised Landfill Cap Design Guidance Proposed for Unlined Hazardous
Waste Landfills in EPA Region | (February 5, 2001)... No side slope will be graded more
steeply than three horizontal to one vertical (3:1).

Portions of the Operations Area and Railroad Right-of-way shall be filled with sub-base
material and graded to provide positive drainage of surface water runoff from the new cap
toward new drainage collection systems. Stormwater runoff from the capped areas that is
discharged to the Quinnipiac River shall be managed in a manner that is consistent with
ARARSs. Cap design shall be consistent with the expected future land use of the Railroad
Right-of-way as a public bike path.

Section IV.B.1 of the SOW also states:

A vapor control system shall be a component of the cap, if EPA determines such a system is
necessary as a result of pre-design studies. The basis for a determination that a vapor control
system shall be required will include, but shall not be limited to, a demonstration that vapors
are likely to migrate beyond the cap and be released at sufficient concentrations to pose an
unacceptable risk.

Based on the information presented in Section 1.2.2, it is not anticipated that a vapor control system will
be a necessary cap component. As a result, the design does not presently include such a component
pending USEPA review and concurrence.

Other pertinent design objectives associated with the RCRA cap design discussed in this section include:

e Address the pertinent design and performance requirements for a Subtitle C cap, as prescribed by 40
CFR 40 CFR 264.310;

e Accommodate the volume of materials anticipated to be consolidated beneath the cap, including the
various soils and debris sources discussed in Section 5 (totaling approximately 3,600 CY as indicated
in Section 5.7);

o Allow flexibility in the subgrade design to accommodate variations from the estimated soil
consolidation volume that may result from post-excavation verification sampling in areas where such
sampling may be required (e.g., the Cianci property excavation areas);
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e Include provisions for restricting access from the publicly accessible rails-to-trails pathway onto the
remainder of the cap or onto other areas of the Site;

o Allow for the possible future use of the cap area as a solar power generation array;

e Maintain access by the utility company to the relocated fiber optic line within the right-of-way
established as part of the site preparation work; and

e Allow access for future maintenance of the cap area.

6.2 Basis for Cap Extent

The planned horizontal extent of the RCRA cap is shown on Design Drawing 3 in Appendix A. The limits
shown thereon were developed based on the following considerations:

e To encompass “contaminated soil in the Operations Area and along the Railroad Right-of-Way” as
generally prescribed in Section II.D of the SOW.

e To encompass historical soil samples in the Former Operations Area identified on Figures N-1 and N-
2 of the 2005 Draft Feasibility Study (FS) as exceeding either CT (Remediation Standard
Regulations) RSR Direct Exposure Criteria (DEC) or PMC values based on database review of soll
data that existed at that time.

e An evaluation of soil data collected since the FS to ensure no samples collected since that time
warrant modification of the cover limits (excluding those collected for delineation of dioxin impacts as
discussed below). Subsequent sampling since that time has not identified any sample locations
around the RCRA cap boundary that exceeds the standards described in Table L-2 of the ROD.

e To encompass the ISTR area.

¢ Although the preliminary extent of the RCRA cap identified in the ROD extended to encompass the
Railroad right-of-way north of the Former Operations Area to Lazy Lane, this area was further
investigated as part of pre-ISTR activities. As described in the Re-use of Excavated Material from
Railroad Right of Way for ISTR Area Fill Memo (Arcadis 2010b), this portion of the right-of-way was
instead excavated and consolidated within the thermal treatment area, and the excavated area was
restored with clean fill. The proposed cap limits exclude the restored portion of the right-of-way, but
abut the southern extent of that previously remediated area.

e To tie into existing physical features of the Site (i.e. access roads, the rails-to-trails pathway, pre-
existing drainage features, etc.) for constructability and access purposes.

To a certain extent, the cap limits were also developed in consideration of existing data collected for the
purpose of assessing and delineating the extent of potentially Site-related dioxin impacts in soil.
Specifically, the proposed cap limits encompass two sample locations that indicated the highest dioxin
concentrations (CDS-3 and -4 as shown on Figure 2). However, as discussed in Section 1.2.5, areas of
potentially Site-related dioxin impacts outside the proposed cap limits will be excavated and consolidated
beneath the cap, and the excavated areas will be restored with clean fill. This approach is based on the
existing characterization data indicating that the dioxin impacts are limited to shallow surficial soils only,
due to the likely transport routes (e.g., aerial deposition and surface runoff) and extremely low mobility of
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dioxins in the soil matrix. Therefore, the shallow impacted soils can be more readily removed and
consolidated beneath the cap, rather than extending the cap extent to cover these shallow impacted soils.

6.3 Soil Consolidation and Grading

As noted in Section 5, soils excavated from various areas outside the cap limits will be consolidated
within the RCRA cap area. The various excavation areas and volumes were summarized in Section 5.7
and total approximately 3,600 CY. The subgrade grading design shown on Drawing 5 in the Design
Drawings (Appendix A) reflects this estimated consolidation volume. There is also the potential that the
volume of excavation materials could increase as a result of post-excavation confirmation sampling,
where required in certain of the Cianci property excavation areas. Accordingly, the current subgrade
design was developed with flexibility to accommodate an additional 1,000 CY of soil without exceeding
the minimum allowable surface slope of 4%.

Prior to consolidation of the excavated soils, the existing vegetated and concrete surfaces in the former
ISTR area and within the cap limits will be prepared by clearing existing vegetation, breaking up the
remaining lightweight concrete from the ISTR cover, grading and compacting the surfaces. The
excavated soils will be placed in 12-inch maximum lifts and compacted to achieve a minimum density
requirement for each lift.

The existing debris pile located south of the ISTR staging area (Design Drawing 2 in Appendix A)
includes crushed concrete from the decommissioning of the slab that was used for the ISTR equipment
staging. As shown on Design Drawing 7, that material will be placed at the toe of the existing terraced
area in the western portion of the former SRSNE Operations Area. Placement of the debris in this area
will maximize the separation depth between the debris and the overlying geocomposite materials that will
comprise the RCRA Cap.

6.4 Cap Components

Except where alternative ground surfaces are needed in the solar area and rails-to-trails pathway
(discussed in subsequent sections), the RCRA cap will be a minimum of 42 inches in thickness and, from
bottom to top, the cap components will consist of a low permeability layer consisting of a geosynthetic
clay liner and a 60 mil thick linear low density polyethylene (LLDPE) geomembrane, a drainage
geocomposite, a 36-inch soil layer and a 6-inch layer of vegetated topsoil. The following is a description
of the cap components:

e Geosynthetic Clay Liner — a geosynthetic clay liner (GCL) will be used for the bottom low permeability
layer as recommended in the Technical Memorandum: Revised Landfill Cap Design Guidance
Proposed for Unlined Hazardous Waste Landfills in EPA Region | for an alternative to a 12-inch thick
compacted low permeability soil layer. The subgrade for the GCL layer will be graded to have flat
areas with slopes of less than or equal to 6:1 (horizontal:vertical) to meet the slope requirements cited
in the Technical Memorandum for use of an alternative GCL layer.

e 60 mil LLDPE Geomembrane — this layer will consist of a textured flexible LLDPE geomembrane for
the top low permeability layer.
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e Geocomposite Drainage Layer — a geocomposite consisting of two non-woven geotextiles heat-
bonded to a drainage net with a hydraulic conductivity no less than 3 x 10 m?/s will be used for the
drainage layer. The geocomposite will be overlain by soil layers with a total depth of 42 inches to
place the geocomposite below the maximum frost penetration depth as required by the EPA Region 1
Technical Memorandum.

e Protective Soil Layer — this layer will consist of a 36 inch layer of imported soil to help sustain
vegetative growth and protect the underlying drainage and low permeability layers from frost damage
and excessive loads.

o Vegetated Topsoil Layer — a 6-inch layer of topsoil will be placed as the surface cover to support
vegetative growth.

6.5 Rails to Trails within Cap Area

A 530 foot section of the rails to trails path is located within the eastern portion of the RCRA cap area.
The cap components within this section will be consistent with the remaining areas of the cap with the
exception of the paved and stone trail surfaces. For the paved areas of the trail, the 6-inch vegetated
topsoil layer and 6 inches of the protective soil layer will be replaced with a 9 inch aggregate subbase
course and a 3 inch surface course consisting of either bituminous concrete for the paved trail or
compacted stone screenings for the soft trail.

A chain link fence will be placed on both sides of the rails to trails path in the RCRA cap area to restrict
access to the cap, Cianci property and NTCRA Treatment Building areas. The fence will incorporate a
fence post footing design that will allow the posts to be placed without auguring holes in close proximity to
the geosynthetic layers. The anticipated approach involves concrete blocks buried within the soil cover
material that can be used to support the fence posts, as shown on Design Drawing 25 in Appendix A.

6.6 Solar Development

A portion of the RCRA cap, involving an area of approximately 65 by 260 feet, will be completed with a
crushed stone surface to facilitate subsequent installation of a solar array. The solar array will be installed
as a ground-mounted system, meaning that the panels and racks will be installed above ground and
anchored with ballast weights rather than driven posts. Cap construction in this area will proceed in the
same manner as the vegetated cap construction discussed above with the exception that the 6-inch
topsoil layer will be replaced by a layer of geotextile overlain by 6 inches of nominal %-inch crushed
stone. The crushed stone will provide a smooth surface for panel installation. It will also minimize
maintenance requirements in the solar panel area because it will inhibit vegetative growth around the
panels and provide erosion protection along panel drip lines. As part of this work, conduit will also be
installed from the solar array pad to the existing groundwater treatment building to facilitate future
installation of the necessary electrical wiring (Design Drawing 9). The conduit will extend into the building,
but electrical installation and any wiring within the building will be implemented by the selected solar
contractor. Installation of the pad and conduit as part of the cap construction will allow subsequent solar
component installation to proceed without affecting or disturbing the cap. The necessary site preparation
design has been developed in consultation with C-Tec Solar, although the specific design and installation
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of the solar array components is not part of the remedial design for the SRSNE Site; design and
installation of the array and electrical components will be separately addressed by C-Tec Solar.

6.7 Drainage Features

The surface drainage from the approximately 2.2 acre cap plateau and slope area located on the west
side of the rail to trails section will be collected in a 3 foot wide drainage swale that will drain to an existing
catch basin inlet (installed for the pre-ISTR work) on the north side of the cap. The catch basin has an
existing 24 inch diameter HDPE pipe outlet draining north to a drainage channel and the inlet of a 30 inch
HDPE culvert (relocated for the pre-ISTR work) that drains east to the Quinnipiac River. The subsurface
drainage from the geocomposite drainage layer in this portion of the cap will flow to a 8-inch perforated
HDPE collection pipe located below the bottom of the 3 foot wide drainage swale. The collection pipe will
drain north and connect to the existing catch basin on the north side of the cap. See Design Drawings 5
and 6 in Appendix A for cap subsurface and surface drainage features.

The surface drainage from the approximately 0.6 acre cap area on the east side of the rails to trails
section will drain to a 2 foot wide swale located at the toe of the slope along the east edge of the cap. The
flow in the swale will drain to the north and be intercepted by the inlet of a new 12 inch diameter HDPE
culvert that will connect to a new manhole that will replace an existing catch basin (also installed for the
pre-ISTR work) located at the northeast corner of the cap. The catch basin outlet is an existing 12 inch
diameter HDPE pipe that drains to a tee connection with the existing 30 inch HDPE culvert draining east
to the Quinnipiac River. In addition to the new pipe inlet connection, the existing catch basin will be
removed and a new manhole installed to meet the final cap grades. The subsurface drainage from the
geocomposite drainage layer in this portion of the cap will drain to the slope along the east edge of the
cap through a rip rap toe treatment with perforated pipe, with the perforated pipe draining to the new
manhole at the north end of the eastern drainage swale. See Detail 4 on Design Drawing 8 in Appendix
A.

The perimeter swale on the south side of the cap will be realigned and regraded where the fill slopes from
the cap impact the existing drainage channel. The drainage flow from realigned swale will drain to a new
15-inch HDPE culvert be placed below the rails to trails alignment to allow the flow from the swale to
continue to drain to the east. A new manhole and swale will be installed to convey water from this point to
the Quinnipiac River floodplain area, as described in Section 3.8.

The existing drainage swale on the northwest side of the cap and existing maintenance road will not be
impacted by the cap installation and will remain in the current condition.

Drainage anchor trenches with 6-inch diameter perforated HDPE collection pipes will be installed on the
north, south, and east sides of the cap to intercept drainage from the geocomposite drainage layer where
the subgrade (liner) drains to the outside perimeter of the cap. The collection pipe on the south side will
outlet to the realigned drainage swale to the south. The collection pipes on the north and east sides will
drain to the new manhole to be installed at the north (downgradient) end of the eastern perimeter
drainage swale. That manhole will divert the flow to the existing 30-inch diameter HDPE culvert that
outlets to the Quinnipiac River floodplain. These features are shown on Design Drawings 5 and 6 in
Appendix A. Note also that the collection pipes within the perimeter anchor trenches are not needed for
the entire lengths of the anchor trenches; the start and end points are indicated on Design Drawing 5.
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7 RAILS TO TRAILS — BEYOND RCRA CAP AREA

Although not a required component of the SRSNE Site remediation scope, the SRSNE Site Group has
committed to constructing the section of the Farmington Heritage Canal Trail extending from Lazy Lane to
Curtiss Street, including the section passing through the SRSNE RCRA cap (Section 6.5). This work will
be completed in conjunction with the RCRA cap construction and associated work discussed in this
design report.

7.1 Scope and Objectives

As described in Section 6.1, the SOW requires that the RCRA cap must accommodate use of the former
railroad right-of-way as a bike path as a component of the local rails-to-trails system. The RCRA cap
design accommodates this use. In addition, the SRSNE Site Group has committed to constructing the
bike path outside the RCRA cap limits extending from Lazy Lane to Curtiss Street. Outside of the RCRA
cap limits, the objective is to provide a suitable subbase and bike path consistent with the established
design parameters for the rails-to-trails system. The trail design (i.e., configuration, section and details)
used for this project are based on the typical details provided by the Town of Southington for the Linear
Park Rails to Trails Project — Phase Il (Cheshire Town Line to West Main Street) project.

7.2 Surface Preparation

The rails to trails path to the north side of the RCRA cap was constructed to the top of the aggregate
subbase during the pre-ISTR phase of the project. Preparation of the surface for this section of the path
will consist of clearing the vegetative growth within the 18 foot wide trail section and fine grading to attain
the pavement subgrade elevation.

The rails to trails path to the south side of the RCRA cap is partially overgrown with small trees and brush
and contains the old railroad section with wood railroad ties and railroad stone ballast remaining intact.
Temporary utility poles that supported a temporary electrical supply for the ISTR system are still present
along portions of the trail, but are slated to be removed by the utility provider prior to the start of this work.
A portion of the trail has been overlain with gravel to improve access for installation of the temporary
utility poles. Surface preparation for this section of the path will require clearing of the existing vegetation
within the work limits, plus removal and disposal of the existing railroad ties. The area would then be
graded and compacted to the widths and subgrade elevations shown on the cross sections in Design
Drawings 19 through 24 (Appendix A). A 9 inch layer of aggregate subbase would be placed within the
limits of 14 foot wide paved trail section after completion of grading operations and would be graded to
attain the pavement subgrade elevation.

7.3 Surface Paving

The paved surface of the rails to trails path consists of a 10.5 feet wide paved trail section and a 3.5 feet
wide soft trail section throughout the majority of the segment length. The paved trail section will be paved
to a total depth of 3 inches with 1-1/2 inches of bituminous concrete wearing course and 1-1/2 inches of
bituminous concrete binder course material. The soft trail section will be paved with 3 inches of stone
screenings.
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There is an existing pedestrian bridge crossing located just north of Curtiss Street. The surface paving will
terminate at the concrete surface at the north and south ends of the bridge crossing. Neither the asphalt
pavement nor stone screening will be placed across the bridge span.

Due to the limited width of the existing former railroad bed in the southern portion of the project area, the
3.5-foot wide soft trail will not be installed for the approximately 500-foot section extending north from
Curtiss Street to Station 5+70 (see Design Drawing 17 in Appendix A). Widening of the path would
require placement of fill along the existing east and/or west slopes of the railroad bed, and would include
placement of fill within wetland and floodplain areas. The need for fill in those areas can be eliminated by
carrying only the asphalt paved section of the path through this reach. In addition, the reduced width is
consistent with the bridge crossing width where the path crosses the Quinnipiac River. Finally, eliminating
the soft trail in this area facilitates the installation of fencing along the trail given the steep drop offs
between the existing railroad bed grade and the surrounding wetland area.

7.4 Parking and Access

A paved parking area will provided at the west side of the Lazy Lane driveway entrance to the Site. A total
of 18 parking spaces and one handicapped parking space will be available for the rails to trails users. A
paved sidewalk will constructed for access to the rails to trails path.

7.5 Ancillary Features

Permanent erosion control blankets will be installed on the steep slopes (approximately 1.5 horizontal to 1
vertical) on both sides of the north and south approaches to the bridge located near Curtiss Street. In
addition, a wood pedestrian rail will be installed on the approaches due to the steep slopes in this area.
Wood rail fencing and bollards (or boulders where appropriate) will also be installed near the access
points at Lazy Lane and Curtiss Street to deter vehicle access to the trail.

arcadis.com
SRSNE_RCRA Cap 100pct Design Report_0721612248_101916.docx 30



RCRA CAP 100% DESIGN REPORT (FINAL)
SRSNE Superfund Site
Southington, Connecticut

8 RESTORATION OF HABITAT

8.1 Wetland Identification, Mitigation, and Restoration

8.1.1 Wetland Identification

A 1992 study performed by HNUS on behalf of the USEPA identified six wetlands on the Site and the
adjacent Town of Southington wellfield property. Those wetland boundaries were re-delineated by
Blasland, Bouck & Lee in 1995 (BBL 1995) and again in 2009 by Arcadis (2010a) to confirm the wetland
presence and to enable quantification of wetland impacts resulting from remedial activities. In addition, a
mitigation wetland was constructed in 1996 in anticipation of potential impacts to other existing wetlands
as a result of the NTCRA 1 construction and operation. Finally, an additional isolated wetland was
identified as part of the 2009 wetland delineation activities. The wetland boundary delineations were
performed in accordance with the federal delineation methodology in regulation at the time of the
delineation and the CT DEEP hydric soil methodology (Ammann et al., 1991). The locations of seven
wetlands (A, C, D, E, F, G, and H) are presented on Figure 3 (Wetland B is not located within the current
Site boundaries). Descriptions of these identified wetlands are provided below.

Wetland A was identified as a 1.54-acre forested riparian wetland on the western floodplain of the
Quinnipiac River (Figure 3). It is the largest wetland present on the Site, and it supports an understory of
scrub-shrub and herbaceous plant communities. Dominant trees of Wetland A were deciduous and
included river birch (Betula nigra), speckled alder (Alnus incana), red maple (Acer rubrum), American elm
(Ulmus americana), green ash (Fraxinus pennsylvanica), box elder (Acer negundo), quaking aspen
(Populus tremuloides), red oak, (Quercus rubra), and willow (Salix spp.). Subcanopy dominants included
alder, river birch, and willow. The shrub layer was dominated by silky dogwood (Cornus amomum) and
nannyberry (Viburnum lentago). The ground cover density reflected the degree of canopy closure, but
was primarily in the 50% to 100% cover range.

Wetland C is a 0.07-acre forested inland wetland located in the southern portion of the Site in an isolated
depression that temporarily ponds water (Figure 3). Dominant vegetation of Wetland C consisted of red
maple, American elm, green ash, multiflora rose (Rosa multiflora), buckthorn (Rhamnus cathartica), and
spicebush (Lindera benzoin). Wetland C had no visible inlets or outlets that could connect it to regulated
Waters of the U.S. The functions and values Wetland C are limited by its small size and isolated
hydrologic condition.

Similar to Wetland C, Wetland D is a small (0.02-acre) forested inland wetland located in the southern
portion of the Site in an isolated depression that temporarily ponds water (Figure 3). Dominant vegetation
of Wetland D consisted of red maple, green ash, multiflora rose, buckthorn, Russian olive (Elaeagnus
angustifolia), spicebush, and honeysuckle (Lonicera tatarica). Wetland D had no visible inlets or outlets
that could connect it to regulated Waters of the U.S. The functions and values Wetland C are limited by its
very small size and isolated hydrologic condition.

Wetland E was a 0.16-acre shrub inland wetland formerly associated with a ditch adjacent to and east of
the former railroad line that ran north/south across the Site, separating the Former SRSNE Operations
Area from the Cianci property (Figure 3). Although the ditch itself was a man-made surface water
drainage system that would not be regulated as a wetland, low elevation areas adjacent to the ditch that
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exhibited wetland characteristics outside of the main ditch were identified as wetlands. Dominant
vegetation of Wetland E consisted of Russian olive, silky dogwood, multiflora rose, and willow shrubs, but
a few red maple and cottonwood (Populus deltoides) trees occurred along the wetland edge. The primary
function of the ditch when it was constructed was stormwater management for the railroad line when it
was active. This wetland was eliminated at part of the pre-ISTR site preparation activities; it required fill to
modify drainage and allow for the ISTR implementation in this portion of the Site.

Wetland F is a 0.08-acre shrub inland wetland located in the southeastern portion of the Site in a
depression that temporarily ponds water (Figure 3). The dominant shrub of Wetland F was silky dogwood,
and the herbaceous species jewelweed (Impatiens capensis) and jack-in-the-pulpit (Arisaema triphyllum)
dominated the perimeter of the standing water. The functions and values Wetland F are limited by its
small size.

Wetland G is a 0.29-acre wetland system that transitions from an herbaceous inland wetland to a
forested inland wetland. This wetland was created as a mitigation wetland by excavating an oxbow
channel west of and connected to the Quinnipiac River (Figure 3) (Detailed Wetlands Mitigation Design,
Blasland, Bouck & Lee, Inc. September 1995). Vegetation of the inundated portions of the wetland were
dominated by arrow arum (Peltandra virginica), arrowhead (Sagittaria latifolia), and blue flag (Iris
versicolor). Woody vegetation of the transition zone between the herbaceous and forested inland wetland
communities was dominated by river birch, speckled alder, gray dogwood (Cornus racemosa) buttonbush
(Cephalanthus occidentalis), willows, and spicebush. Ground cover in the transition area was dominated
by jewelweed, joe-pye-weed (Eupatorium maculatum), clearweed (Pilea pumila), goldenrods (Solidago
spp), and reed canary grass (Phalaris arundinacea). The location and vegetative diversity of Wetland G
support its ability to provide ecological functions for the Quinnipiac River and riparian wildlife. The direct
connection of this wetland to the river and permanent presence of water also provide habitat for fish
reproduction and rearing.

Wetland H is a small, 0.02-acre herbaceous inland wetland located near the center of the Site in an
isolated depression that temporarily ponds water between the access road and the phytophreatic willow
area (Figure 3). Dominant vegetation of Wetland H consisted of dark green bulrush (Scirpus atrovirens),
reed canary grass, lurid sedge (Carex lurida), fox sedge (Carex vulpinoidea), and path rush (Juncus
tenuis). Wetland H had no visible inlets or outlets that could connect it to regulated Waters of the U.S.
The functions and values Wetland H are limited by its very small size and isolated hydrologic condition.

8.1.2 Wetland Impact Evaluation

In 1992, USEPA performed a Removal Action that removed soils from Wetland E. In 1995, the first non-
time-critical removal action (NTCRA 1) was initiated, which consisted of the installation of 12 extraction
wells and a downgradient hydraulic barrier wall in the Containment Area on the former Cianci property to
contain overburden groundwater migrating southeastward from the Former SRSNE Operations Area. BBL
(1995) evaluated the potential hydrologic effects of the NTCRA 1 work on the wetlands by conducting
water table monitoring prior to and during operation of the NTCRA 1 Groundwater Containment System.
The water table monitoring effort concluded that the operation of the NTCRA 1 Groundwater Containment
System had negligible (if any), impact on the water table elevation in Wetland A. The operation of NTCRA
1 System was concluded to potentially impact the hydrology of Wetlands C, D, and F. It was predicted
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that the water table might be lowered beneath these wetlands and that the vegetation in these areas
could potentially transition to upland communities (BBL 1995).

The status of Wetlands C, D, and F was re-evaluated during habitat characterization efforts performed by
Arcadis in 2009. These wetlands were found to still exhibit vegetative, soil, and hydrologic characteristics
that met the federal wetland criteria. Therefore, it was concluded that the NTCRA 1 groundwater pumping
activities did not affect these wetlands and their status as wetlands was confirmed. Although it was
unclear if the hydrology of the 0.16 acre Wetland E was affected by the NTCRA 1 work, the removal of
soils from Wetland E by USEPA, resulted in USEPA concluding that Wetland E was lost and would
require mitigation. Wetland E was located within the limits of the thermal treatment area and within the
RCRA cap being installed under this phase of remedial activities. The loss of the 0.16 acres of Wetland E
during the pre-ISTR site preparation activities was the only permanent loss of wetland acreage resulting
from previous remedial activities at the Site.

Under the planned remedial activities discussed herein, three wetland areas on the Site, totaling 0.11
acres, will be permanently lost as a result of grading activities in the NTCRA 1 area, as discussed in
Section 4.3 of this report. Soil fill will be placed to raise the grade elevation over a portion of the NTCRA 1
area to address predictive modeling that indicates that a slight degree of groundwater mounding will
occur as a result of the groundwater flow modifications. Raising the ground surface in the predicted
mounding area is intended to prevent expression of the groundwater at the ground surface. As a result of
fill requirements to achieve the required grades, the entireties of Wetland C (0.07 acres?*), Wetland D
(0.02 acres), and Wetland H (0.02 acres) will be permanently lost. Design Drawing 13 of Appendix A
shows the locations of these three areas.

Also under current remedial activities discussed herein, soil is to be removed from designated Cianci
Property excavation areas and consolidated under the RCRA cap. Two of these areas are located within
the limits of Wetland A. One area (EA-3) in Wetland A is approximately 0.02 acres and the other area
(EA-5) is approximately 0.28 acres in size (see Design Drawings 4 and 13 in Appendix A). The removal of
soils from these areas will result in temporary disturbance to approximately 0.30 acres of wetlands. These
areas will be backfilled to pre-existing grade and restored as wetlands, as further described below.

8.1.3 Wetland Mitigation

A total of 0.31 acres of wetland mitigation credits were generated by enhancing and expanding Wetland
A, including construction of an oxbow wetland (Wetland G) in the northwest corner of Wetland A (BBL
1995). The mitigation wetland is described in a wetland mitigation plan developed by BBL (1995) to
mitigate the anticipated impacts to Wetlands C, D, E, and F in advance of their potential disturbance by
future remedial activities. The mitigation wetland was monitored in 2007 and 2008 and was found to meet
the performance standards for hydrology and for a minimum of 85% ground cover. The mitigation wetland
size and ability to meet the federal wetland criteria was verified again in 2009 as part of Site habitat

4 As shown on Design Drawing 13 in Appendix A, 0.06 acres of Wetland C is anticipated to be lost as a
result of fill placement in the NTCRA 1 area. The remaining 0.01 acres is not subject to fill, but is
conservatively assumed to be lost as a result of planned drainage modifications as discussed in Section
3.8.
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characterization activities (Arcadis 2010a). Therefore, the 0.31 acres of “banked” mitigation wetland are
available to mitigate wetland impacts resulting from previous and current remedial activities.

As discussed in Section 8.1.2 of this report, the 0.16 acres of Wetland E were permanently lost as a result
of previous site remedial activities and the current RCRA cap design. This permanent wetland loss will be
mitigated by applying 0.16 acres of the wetland mitigation acreage created by the mitigation wetland.
Subtraction of 0.16 acres of mitigation wetland from the mitigation wetland results in 0.15 acres of
mitigation wetland available for other wetland impacts on the Site.

In addition to Wetland E, three wetland areas on the Site, totaling 0.11 acres, will be permanently lost as
a result of grading activities in the NTCRA-1 area. Design Drawing 13 of Appendix A shows the locations
of these three wetland impact areas. The loss of these 0.11 acres of wetlands will be mitigated by
applying an additional 0.11 acres of the mitigation wetland credit. As indicated in the following table, this
results in a net credit of 0.04 wetland acres over the course of the project.

Wetland Balance Sheet

Wetland Starting Size of Wetland Loss (acres) Wetland Mitigation Final Size of
Wetland (acres) Prior This Project | Credits Gained (acres) Wetland (acres)
A 1.54 0 0 0.02 1.52
C 0.07 0 0.07* 0 0
D 0.02 0 0.02 0 0
E 0.16 0.16 0 0 0
F 0.08 0 0 0 0.08
G 0 0 0 0.29 0.29
H 0.02 0 0.02 0 0
Subtotals: 1.89 0.16 0.11 0.31 1.93
Net Project Change (final minus
* See footnote on prior page starting acreage): +0.04 (Gain)

It is also anticipated that excavation and restoration of the borrow source area located along the northern
banks of Wetlands A and G (Design Drawings 10 and 13) will also generate additional wetland area as
part of this project. The portion of the borrow area below an elevation of 150 feet NGVD will be restored
as a wetland area, and result in an expansion of Wetland G by approximately 0.04 acres. This is in
addition to the benefit of providing additional flood storage mitigation to offset fill placement in the wetland
area as part of the NTCRA 1 regrading plan.

Also under current remedial activities discussed herein, soil removal from two of the Cianci Property soil
excavation areas will involve work within wetland areas. Based on the target removal limits, these
excavations will result in temporary disturbances to 0.30 acres of wetlands. The need for subsequent
confirmation sampling and, potentially, additional excavation, may increase the amount of temporary
wetland disturbance relative to this initial area. The disturbed wetlands will be restored in-place and in-
kind by backfilling to restore original grades, seeding, and planting. Because these wetlands are being
restored in-place and in-kind, no additional mitigation is proposed for their temporary disturbance.
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8.1.4 Wetland Restoration Design

As discussed above, two Cianci property excavation areas (EA-3 and EA-5) will result in temporary
wetland impacts totalling approximately 0.30 acres. The locations of these areas are shown on Design
Drawing 4 in Appendix A. These disturbed wetlands will be restored in-place and in-kind by backfilling to
restore original grades, seeding, and planting. Portions of these excavations within wetland areas will be
backfilled with general fill to within 1-foot of final grade. The uppermost 12 inches will be backfilled with
high organic content topsoil and a wetland seed mix will be applied to establish ground cover and protect
surface soils from erosion until the tree canopy develops. A mixture of several species of trees and
shrubs will be planted to restore the wetland forest habitat. Species were selected for planting based on
observations of their presence during site characterization activities and if they are native to Connecticut.
Trees will be planted at 10-ft spacing in clumps of three of the same species. Shrubs will be planted at 5-
ft spacing in clumps of five of the same species. The locations of the wetland forest habitats to be
restored on the Site and the wetland planting schedule are shown on Design Drawings 13 and 14 in
Appendix A.

Due to its location within the Quinnipiac River floodplain the EA-5 excavation area is particularly
susceptible to erosion and sedimentation during the excavation period and until such time that the area is
sufficiently restored. Additional implementation-related control measures will be implemented for this area
during and following the excavation, as discussed in Section 5.5.4 of the RAWP. In addition, the
restoration design calls for the installation of a temporary erosion control blanket to be installed in this
area as part of the restoration. The erosion control blanket will minimize the potential for erosion of
disturbed and/or backfilled soils until such time that the vegetation is re-established. The temporary
erosion control material is indicated on Design Drawing 13 in Appendix A.

8.2 Habitat Restoration

Besides wetlands, other habitats were present on the Site prior to the initiation of remedial activities.
These habitats were characterized in 2009 during the development of the Habitat Characterization
Report, and re-evaluated in 2015 upon completion of the majority of the remedial work. The primary
natural habitat that was disturbed on the Site was upland forest. Although not actually “natural” habitats,
staging and support areas of the Site contained fields and open lawn areas that were routinely mowed
during maintenance activities. The restoration design for the upland forest and staging and support areas
are described in the following sections.

8.21 Upland Forest Restoration

The restoration design for disturbed upland forest habitats and their locations on the Site are shown on
Drawing 13 of Appendix A. Upland forest was the dominant natural habitat and was found on the eastern
portion of the Site between the riparian wetland corridor of the Quinnipiac River and developed portion of
the Site, in the southern portion of the Site, along the eastern edge of the former railroad right-of-way, and
along the southwestern property boundary (Arcadis 2010a). Dominant canopy species in this habitat were
red maple, green ash, black cherry (Prunus serotina), and alder. Subcanopy dominants included red
maple, black cherry, buckthorn, and American elm. The shrub layer was dominated by silky dogwood,
nannyberry, alder, and green ash. Although there were some minor differences found within the forested

arcadis.com
SRSNE_RCRA Cap 100pct Design Report_0721612248_101916.docx 35



RCRA CAP 100% DESIGN REPORT (FINAL)
SRSNE Superfund Site
Southington, Connecticut

upland communities observed on site, the differences were considered to be within the natural range of
variability of the habitat and they were, therefore, not considered different habitat types.

Upland forest habitat will be restored by seeding and tree and shrub planting. A minimum of 6-inches of
topsoil will be provided as a seeding medium in restored upland habitats. An upland seed mix promoting
northeast pollinators will be applied to establish ground cover and protect surface soils from erosion until
the tree canopy develops. An upland erosion control seed mix has been specified for portions of the
upland forest habitat that occur on steep slopes. The erosion control seed mix will anchor the topsoil in
place until the root systems of other vegetation serve this function.

A mixture of several species of trees and shrubs will be planted to restore the upland forest habitat.
Species were selected for planting based on observations of their presence during site characterization
activities and if they are native to Connecticut. Trees will be planted at 10-ft spacing in clumps of three of
the same species. Shrubs will be planted at 5-ft spacing in clumps of five of the same species. The
locations of the upland forest habitats to be restored on the Site and the upland forest planting plan are
shown on Design Drawings 13 and 14 in Appendix A. Tree and shrub plantings will not be made in the
AT&T fiber optic right-of-way to the north, west, and south of the RCRA cap area.

8.2.2 NTCRA 1 Soil Fill Area

It is anticipated that the NTCRA 1 soil fill area will ultimately be restored to a forested habitat to enhance
the overall habitat quality of the Site and for aesthetic purposes. However, near-term changes in the
hydrologic conditions resulting from the placement of fill, combined with long-term changes potentially
resulting from future operational changes to the NTCRA 1 operations, is expected to result in variable
groundwater levels. Such hydrologic changes may affect the types of trees best suited for restoration of
this area. Accordingly, planting of woody and shrub species within this area will not be performed until the
hydrology of this area stabilizes and the long-term conditions are better understood. At that time, trees
and shrubs will be selected for planting in this area from the list of woody species currently proposed to
be planted to restore forested wetlands and uplands of the Site (Drawing 14 of Appendix A). Additional
species may be incorporated into the planting of this area that are better adapted to the Site-specific
hydrologic conditions. The timing of this planting effort is yet to be determined, and will largely be a
function of the timing of future operational modifications to the NTCRA 1 area. In the interim, the area will
be restored with suitable grasses to maintain the lawn-type conditions that presently exist in this area.

8.2.3 Staging and Support Areas

Upland field habitat exists in portions of the Site as a result of prior development activities (including lawn
mowing), as well as the use of certain areas for material and equipment staging areas during prior
remedial activities. This habitat type occurs between the upland forest habitat along the east side of the
Site and the portion of the Site developed with roads and buildings (Arcadis 2010a). Very little
disturbance is planned for existing staging and support areas of the Site. One Cianci Property excavation
area (EA-1) lies within a currently grassed area. There is the potential for additional disturbances to these
maintained areas resulting from equipment operations and material and equipment staging during this
planned final phase of remedial activities. These disturbances are not known and cannot be presented on
drawings at this time. However, disturbances to currently grassed areas will consist of smoothing the
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ground surface and seeding with lawn seed. The restoration of the excavation area in an existing lawn
area is shown on Drawing 13 of Appendix A.

8.24 Quinnipiac River Floodplain Compensation Area

Fill required to raise the grade elevation over a portion of the NTCRA 1 area in the floodplain of the
Quinnipiac River will result in the loss of 400 CY of flood storage capacity. To compensate for the loss of
flood storage, an area adjacent to the floodway, just south of Wetland G, will be excavated to increase the
flood storage volume by approximately 460 CY. This excavation area will create a low, flat area and a
relatively steep grade to meet existing adjacent topography (Design Drawing 10 in Appendix A). The flat
portion of this excavation below elevation 150 feet will be seeded with the wetland seed mix and planted
with wetland trees and shrubs due to its proximity and similar elevation to adjacent Wetland G. The steep
embankment portion of the excavation area adjacent to the flat area will be seeded with the erosion
control seed mix and planted with upland trees and shrubs. The vegetation restoration plan for floodplain
compensation area is shown on Design Drawings 13 and 14 in Appendix A.

8.3 Temporary Erosion and Sediment Control Measures

General descriptions of temporary erosion and sediment control measures that are anticipated to be
utilized during RCRA cap and rails-to-trails construction activities are presented below. Erosion and
sediment control measures for the Site were developed in accordance with the 2002 Connecticut
Guidelines for Soil Erosion and Sediment Control (Department of Environmental Protection Bulletin 34).
Refer to Design Drawings 3 and 15 for approximate locations and details for construction of proposed
erosion and sediment controls.

Silt Fence - will be used to reduce the potential for migration of suspended sediments from construction
areas to off-site locations. Silt fencing will be installed on the perimeter of disturbed areas as shown on
the Design Drawings.

Stone Check Dam - will be constructed to reduce the velocity of concentrated stormwater flows within the
drainage channels and therefore reducing erosion of the channels. Stone check dams also temporarily
pond storm water runoff and allow sediments to settle out. Stone check dams will be constructed in the
steeper portions of the perimeter cap area swales, and rails to trails ditches in accordance with the
materials and methods indicated on the drawings and in Section 5 of the Connecticut Guidelines for Soil
Erosion and Sediment Control, titled, “Energy Dissipaters — Stone Check Dam”.

Drainage Inlet Protection — will be placed at catch basin and drainage inlets to prevent sediment from
runoff entering the storm drainage system. Inlet protection may consist of a compost filter sock or a hay
bale barrier installed around the perimeter of the catch basin or drainage inlet.

Temporary Diversions - will be installed as necessary to reduce the potential for migration of sediment-
laden water off-site by conveying construction-related stormwater to on-site management areas.

Temporary Seeding - will be established to reduce the potential for erosion and sediment transport from
disturbed or bare soil areas. Seeding will be performed in areas that have achieved final grade or are not
scheduled for further construction activities within 14 calendar days. Temporary or long-term erosion
control mats will be placed on slopes or other areas during time periods when conditions are not
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conducive to rapid germination and grass growth. Temporary and permanent seeding should occur within
24 hours of initial disturbance or achievement of final grade to reduce the need for scarification of the
seedbed prior to seeding.

Mulching - provides immediate erosion control during the establishment of vegetation, moderation of
seedbed conditions (e.g., temperature and moisture), and serves as a dust control measure. Mulching will
be performed immediately following seeding (in areas not receiving erosion control mat) and conducted in
accordance with the materials and methods indicated in Section 5-4-5 of the Connecticut Guidelines for
Soil Erosion and Sediment Control, titled, “Non-Living Soil Protection — Mulch for Seed”.

Equipment Lay-Down/Material Staging Areas - are anticipated to be established in two primary areas for
use during the work: one on the west side of the groundwater treatment building across from the gravel
access road and another within a grass-covered area south of the groundwater treatment building. Silt
fencing will be installed along the down-gradient perimeter of all laydown/material staging areas. Any
impact to the existing ground surface south of the treatment building that results from temporary
equipment staging will be repaired and the area will be reseeded as soon as practical following the
completion of staging.

Polyethylene Tarps - will be used to cover stockpile areas where the site constraints make the use of
alternative erosion controls (e.g., silt fence) impractical. Tarps will completely cover the pile, extend out
from the base, and be secured in-place with sand bags (or similar means). Tarps will also be placed over
the granular fill stockpile(s) (e.g., clean backfill pending final placement) at the end of each day’s work
effort, and during significant rainfall events (i.e., capable of producing visible run-off from stock-pile
areas).

Dust Control - will be performed to prevent the movement of dust from exposed soil surfaces. Water that
is applied to exposed soils and access roads during construction shall be done without causing soil
erosion.

Stabilized Construction Entrance — an existing stabilized construction entrance located on Lazy Lane will
be the main construction entrance for the Site. The existing entrance will be upgraded and maintained as
needed during construction to prevent tracking of dirt and mud onto public roadways.

Good housekeeping practices - will be implemented at the Site to minimize the potential for construction
materials entering stormwater discharges from the Site. This will include, but may not be necessarily
limited to: routine waste management activities, including the collection and disposal of trash, rubbish,
construction waste and sanitary wastes; prompt cleanup of spills of liquid or dry materials (if any); and
prompt cleanup of any sediments tracked by construction vehicles and/or transported by wind or
stormwater from active work areas to other areas of the Site or nearby off-site areas.

8.4 Restoration Monitoring

The Habitat Restoration Work Plan (Arcadis 2010c) indicated that each restoration area would have a
monitoring plan to verify that restoration meets the requirements of Section IV.B.4 of the SOW. SOW
Section IV.B.4 requires the establishment of vegetative cover in disturbed areas within one year, a 70%
rate of successful establishment of 80% of the planted species after three growing seasons, and the
establishment of a stable vegetative community after five growing seasons. All areas seeded to restore
original lawn areas or to minimize soil erosion will be visually monitored in the first growing season after
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seeding to evaluate the establishment of the desired ground cover. Areas exhibiting less than 70%
ground cover will be re-seeded and monitoring will continue until vegetation-based performance
standards are met. The restoration of natural forested wetland and upland habitats will be quantitatively
monitored to generate data for the calculation of percent ground cover and percent survival of planted
trees and shrubs to determine if performance standards are being met, or if adaptive management will
need to be implemented to direct the restored habitats into long-term sustainability.
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9 OPERATION AND MAINTENANCE PLAN

Minimal post-construction O&M requirements are anticipated in conjunction with the remedial
components addressed in this Design Document. Post-construction O&M requirements are generally
limited to periodic inspections of the RCRA cap and revegetated area, plus as-needed maintenance or
repairs of any issues identified by the inspections. Inspection activities will generally include, but are not
limited to the following items:

¢ the final cover system components;

e the stormwater management system components;
e restored vegetation areas; and

e site access and security features.

Visual inspections of the final cover system will be performed to identify evidence of settlement, soil
erosion, slope failures, or exposure of the cover system geosynthetics. Evidence of settlement will be
based on the visual occurrence of standing water (ponded runoff) or areas that appear to have stressed
or silted vegetation that may be indicative of periodic ponding water conditions. Woody vegetation and
shrubs (whose deeper penetrating roots may pose a risk to the cover system geosynthetics), protruding
objects, burrowing animals, cracking, or the disturbance or loss of vegetation of covered areas will also
be identified during inspections.

Post-construction inspections will also be performed to document and facilitate the re-establishment of
vegetated areas. This will include monitoring ground cover, tree survival rates, and the presence of
invasive species. Such inspections will trigger the need for adaptive management, such as supplemental
plantings, invasive species control measures, or other measures intended to meet habitat restoration
requirements while minimizing the occurrence of invasive species. It is anticipated that specific vegetation
performance metrics and an invasive species control plan will be components of the site-wide, post-
construction O&M Plan discussed below.

The components of the stormwater management system (e.g., swales, ditches, catch basins, culverts) will
be visually inspected for signs of erosion and siltation, debris buildup, pipe inlet/outlet instability, and
stressed or inadequate vegetation.

Site access controls will also be inspected for signs of damage or unauthorized entry. The inspections will
also confirm that site access roads remain open and usable for accessing necessary work areas.

It is anticipated that periodic inspections will be performed on the following schedule:

¢ monthly from the completion of the construction until such time that three consecutive months of the
growing season (April through October) have passed after construction;

e quarterly for the remainder of the first two years after construction; and

e semiannually (twice per year) for the remainder of the first five years following construction.
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Provided the various components remain stable at that point, a reduced monitoring frequency (e.g.,
annual) may be requested. All formal inspections will be documented on a designated inspection log. The
logs will be included in subsequent monthly progress reports and/or annual compliance reports as
required by SOW Sections VIII.A and B.

Periodic maintenance of the access roadway surfaces may be required to maintain smooth, uniformly-
sloped surfaces. Damaged security fencing and signs will be repaired or replaced to eliminate
trespassing, if necessary.

When the need for repairs is identified — either through routine formal inspections or other incidental
observations — repair work will be carried out in as timely a manner as practical. Examples of potential
repair activities include, but are not limited to:

e replacement and revegetation of eroded soil areas;

e repair or replacement of damaged access control fencing;

e trimming or removal of vegetative growth along fencelines;

e repair of subsidence areas;

e safety improvements;

e cleaning of clogged drainlines or drainage channels;

e repair of damaged geosynthetic components; and

e placement of additional rip-rap or other erosion control measures.

In addition, maintenance of the RCRA cap area will include mowing of vegetated areas at least once per
year. This is intended to prevent the establishment of deep-rooted vegetation that could affect the
integrity of the cap components.

The O&M requirements described herein reflect the target 100% design level for the RCRA cap, ancillary
construction, and habitat restoration for areas affected by prior and planned remedial activities. Additional
or alternative O&M requirements may be identified based on the as-built (post-construction) conditions.
Note also that de maximis anticipates preparing a comprehensive O&M Plan to address the requirements
of SOW Section VI.I. That O&M Plan would address not only the cap-related O&M activities described
herein, but other anticipated components of ongoing O&M for the overall Site (e.g., groundwater
monitoring, operation of the HCTS, etc.). It is expected that the comprehensive O&M Plan will be
prepared once all targeted construction activities are complete.
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APPENDIX D

EA-5 Supplemental Investigation Work Plan and Summary Report
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APPENDIX F

Engineering Calculations
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Calculation Summary and Conclusions
Chainlink Fence Supported by Shallow Fdn - Structural Analysis
SRSNE Cap B0054634.0000
6/7/2016 Rev 6/20/2016

Summary of Calculations

Rails to trails section over RCRA cap requires a fence that is supported by shallow footing to prevent damage to environmental barrier system.

Conclusions

Provide a 2.5 feet diameter round foundation embedded 2.5 feet in the ground.
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References and Assumptions

Chainlink Fence Supported by Shallow Fdn - Structural Analysis

SRSNE Cap B0054634.0000
6/7/2016 Rev 6/20/2016

Software
Microsoft Excel

Technical Publications

American Society of Civil Engineers, Minimum Design Loads for Buildings and Other Structures (ASCE 7-05)
American Institute of Steel Construction (AISC), Manual of Steel Construction, Allowable Stress Design, 13th Edition

ACI 318-11 (American Concrete Institute - Building Code Requirement for Structural Concrete)
Chain Link Fence Manufacturers Institute - Chain Link Fence Wind Load Guide

2009 International Building Code

Assumptions
Concrete 150 pcf
Steel 490 pcf
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Wind Pressure Calculation
Chainlink Fence Supported by Shallow Fdn - Structural Analysis
SRSNE Cap B0054634.0000

6/7/2016 Rev 6/20/2016

User Input
Purpose:

Design Parameters:

Analysis
Velocity Pressure

gz =0.00256 K K K V7|

100 mph

Veloocity Pressure Exposure Coef.

Topographic Factor

K]

zt

Wind Directionality Factor

Adjusted Velocity Pressure
gh =qzGC,
100 mph

Gust Factor (G)
Fence (fabric height), h=
Mesh Percent Area

Cf Use
Unreduced Cf

Pole Spacing=b
10

Determine wind pressures acting on fence for design of fence pole foundations and fence framing.

100 mph (Design Wind Speed 1) 1 Lazy Lane, Southington, CT
C Exposure Category
1 Importance Factor

18.5 psf

0.85

0.85

24.0 psf
1
7 ft
13%

1.30
13

Af=(h)(b)(%
open)
ft 9.10

Equation 6-15 (ASCE 7-05)

Table 6-3 (ASCE 7-05)

Section 6.5.7 (ASCE 7-05), not applicable =1

Table 6-4 (ASCE 7-05) = 0.85

Assumed

Chain link fencing 9 Gage and 2" mesh openings

controlling case from debris + 9 gage mesh 2"
Figure 6-22 (ASCE 7-05)

Force @
mid point of Moment at
pole (Ibs) base (ft-Ibs)
218.81 765.83
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Ice and Wind Pressure Calculation
Chainlink Fence Supported by Shallow Fdn - Structural Analysis
SRSNE Cap B0054634.0000
5/13/2016

User Input
Purpose:

Design Parameters:

Analysis
Velocity Pressure

|qz =0.0026 K K K VI
50 MPH

Veloocity Pressure Exposure Coef.
Topographic Factor
[
Wind Directionality Factor

Adjusted Velocity Pressure

100 mph

Gust Factor (G)

Fence (fabric height), h=
Mesh Percent Area

Cf Use
Unreduced Cf

Pole Spacing=b
10

50 mph (Design Wind, ice Speed 1)
C Exposure Category
1 Importance Factor

Determine wind pressures acting on fence for design of fence pole foundations and fence framing.

1 Lazy Lane, Southington, CT

Rev 6/20/2016: Per ASCE 7-05 section 10.5 use a reduced wind

velocity when combined with ice loading to represent ice storm

event and low probability of icing to occur during hurricane force
winds. See wind speed maps Figure 10-3

4.6 psf Equation 6-15 (ASCE 7-05)
0.85 Table 6-3 (ASCE 7-05)
1 Section 6.5.7 (ASCE 7-05), not applicable = 1
0.85 Table 6-4 (ASCE 7-05) = 0.85
6.0 psf
1 Assumed
7 ft
29% Chain link fencing 9 Gage and 2" mesh openings with ice
1.30 controlling case from debris + 9 gage mesh 2"
13 Figure 6-22 (ASCE 7-05)

Force @

Af=(h)(b)(% mid point of Moment at
base (ft-Ibs)
427.10 Full wind controls (See Section 3.0)

open)
ft 20.30

pole (Ibs)
122.03



"POLEFDN.xIs" Program
Version 2.0

Pole Foundation Analysis
For Free-Top (Unconstrained) Rigid Round Piers Using UBC / IBC Method
Subjected Vertical Load, Horizontal Load, and/or Moment

Job Name:|Chainlink Fence Supported by Shallow Fdn - Stry Subject:|Pole Foundation Design

Job Number:|B0054624.0001 Originator:[JPR | Checker:[JEM

Input Data: [|Rev 6/20/16 - Include nominal axial load, Pv to represent fence weight I

Pier Data: Pv=0.5 k
Pier Foundation Diameter, D = 2.500 ft.
Pier Height Above Soil, hl = 0.000 ft. M=0 ft-k

_ Ph=0.21880768 k . ¥

Soil Data:
Unit Weight of Soll, y = 0.090 kef
Angle of Internal Friction, ¢ = 30.00 deg. H=3.5' Ground
Depth to Resisting Surface, h2 = 0.000 ft. Line
Allow. Soil Bearing Pressure, Pa = 2.000 ksf h1=0'

l h2=0'
Pier Loadings:

Axial Load, Pv = 0.500 |«ips
Horizontal Load, Ph = 0.219 kips Resisting
Distance from Ph to Top/Pier, H = 3.500 ft. Surface L=2.42'
Externally Applied Moment, M = 0.000 ft-kips

Pier

Results:
Nomenclature
Pier Embedment and Total Length:

Pe = 0.219 kips Pe = Ph+(M/(H+h1+h2)) ("equivalent total" horizontal load)

Kp = 3.000 Kp = TAN"2(45+¢/2) (passive pressure coefficient)

Pp = 0.654 ksf Pp = Kp*y*L (passive pressure at bottom of pier)

S1= 0.218 ksf S1 = Pp/3 (passive pressure at 1/3 embedment depth)
A= 0.940 A = 2.34*Pe/(S1*D)
L= 2.42 ft. L = A/2*(1+SQRT(1+(4.36*(H+h1+h2)/A))) (UBC 1997 Eqn. 6-1, p. 2-45)
Lt= 2.42 ft. Lt = h1+h2+L (total length) (IBC 2003 Eqgn. 18.1, p. 370)

Pier End Bearing Pressure:

Af = 491 ft.A2 Af = 1*D"2/4 (pier base area)
Wf = 1.78 kips Wf = (Af*Lt)*0.150 (pier weight)
YPv = 2.28 kips XPv = Pv+Wf (total vertical load)
P(bot) = 0.465 ksf P(bot) = ZPV/Af Pa>=P(bot), O.K.

Reference: 1997 Uniform Building Code (UBC), Section 1806.8, page 2-45
2003 International Building Code (IBC), Section 1805.7.2.1, pages 370-371
Comments:

While dimensions of 2.5' diameter by 2.5' depth are concluded to be sufficient for
this purpose, an increased depth (3') will be used based on USEPA comments
regarding the Draft 100% Design Report. No revised calculations are needed
because if a smaller concrete slab wil resist the load, so will a larger one.

Check Load in Foundation

70f8 6/20/2016 9:43 AM




"POLEFDN.xIs" Program
Version 2.0

Pole Foundation Analysis
For Free-Top (Unconstrained) Rigid Round Piers Using UBC / IBC Method
Subjected Vertical Load, Horizontal Load, and/or Moment

Job Name:|Chainlink Fence Supported by Shallow Fdn - Stry Subject:|Pole Foundation Design

Job Number:|B0054624.0001 Originator:[JPR | Checker:[JEM

Moment in foundation is assumed to occur at the mid point of the embedded foundation

Ph= 0.22]kips
L tan= 4.71]ft Lgn=H+L/2
Mtgn = 1.03|k-ft Mg = Ph * L g,

Assume concrete is unreinforced plain concrete.
S tn = 1.534]ft” Sn=Pi*D’/32
f,= 0.005ksi fi = Mtan / Fran

Allowable Tensile Stress in Plain Concrete

f'c = 4.00]ksi
Ft= 3.4]ksi Ft =0.85 f'c, ACI 318-08, Based on Eqn. 22.3
FS, Ft/ft = 728.66 Greater than Max Wind Load factor/®, 1.6/0.6 = 2.667, OK

No reinforcing required.

8 of 8 6/20/2016 9:43 AM




APPENDIX F

RCRA Cap Cover System Soil Loss Calculation Sheet
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Calculation Sheet

Client: SRSNE Site Group

Project Location: Southington, CT

Project: SRSNE RCRA Cap Design Project No.: B0054634.0001
Subject: RCRA Cap Soil Loss Calculation

Prepared By: _ NWF Date: June 2016
Reviewed By:__ NWF Date: June 2016
Checked By:___JEM Date: June 2016
OBJECTIVE:

Evaluate the soil loss potential for proposed RCRA Cap based on worst-case slope using the Revised
Universal Soil Loss Equation (RUSLE).

REFERENCES:

1. Solvents Recovery Service of New England, Inc. (SRSNE) Superfund Site RCRA Cap Design
Drawings No. 6 titled “Cap Final Grading and Drainage Plan,” ARCADIS, June 2016.

2. USDA. 1997. Renard, K.G., G.R. Foster, G.A. Weesies, D.K. McCool, D.C. Yoder, coordinators.
Predicting Soil Erosion by Water: A Guide to Conservation Planning with the Revised Universal Soil
Loss Equation (RUSLE). Agriculture Handbook No. 703.

3. USDA Soil Conservation Service (SCS). 1978. National Engineering Handbook. Section 3. Chapter 3.
Sedimentation (portions attached).

4. “Evaluating Cover Systems for Solid and Hazardous Waste (SW-867),” United States Environmental
Protection Agency (USEPA), September 1980 (portions attached).

ASSUMPTIONS:

1. Annual soil loss is calculated based on the worst-case slopes shown in Attachment 1. Based on
Reference 1, the worst-case slope is a composite slope within the RCRA Cap. The worst-case slope
length RCRA Cap is approximately 164 feet at 4.25% and 69 feet at 16.67% as shown in Attachment
1.

2. The topsoil for the RCRA Cap is assumed to be loam with a minimum of 4% organic material. Based
on Reference 4, the soil erodibility factor (K) is 0.29.

3. The Cover Management Factor, C, is 0.003 (Reference 3; Table 3-2; no appreciable canopy, 95%-
100% ground cover, grass).

4. The recommended maximum soil loss rate is 2 tons per acre per year.
5. No crop support practices are considered (i.e., Crop Support Practice Factor, P equals 1.0).

6. The topographic factor, LS, for each segment is determined using Table 4-3, high ratio of rill to interrill
erosion (Reference 2). A high ratio of rill to interill erosion is applicable for newly constructed slopes

G:\TMPro)\SRSNE\54634\Calculations\Soil Loss Calc\RCRA Cap Cover System Soil Loss Calculation Sheet
06-17-16.doc Page 1 of 3
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as a worse case condition.
7. Rainfall Factor — R = 160 (Refer to Figure 1 — Reference 3).

CALCULATIONS:

The estimated soil loss rate is calculated using the RUSLE equation for the worst-case slope segment as
discussed in Assumption 2. Based on Reference 2, the annual soil loss rate can be calculated using the
RUSLE equation as follows:

A=R*K*LS*C*P
Where,

e A< 2tons per acre per year (maximum annual soil loss)

e R =160 (rainfall factor, Reference 2, portions attached)

o K =0.29 (soil edibility factor, discussed in Assumption 2)

e C =0.003 (cover factor, discussed in Assumption 3)

e P =1.0 (support practice factor, discussed in Assumption 5)
e LS =unknown (slope length and steepness factor (ft.))

Because the worst-case slope consists of several distinct slope gradients, a single LS value from
reference tables cannot be used. Instead, a procedure from Reference 2 is used to calculate an
“effective” LS value based on the component LS values for the individual slope gradients that make up
the overall slope. The following table summarizes the LS calculation for the various slope gradients and
segments, as well as the effective value for the entire slope.

Max Slope Length Weighted
Segment | % Slope (horizontal B! m? LSS SLF* | LS*SLF LS®
projection - ft) LS*SLF/n
1 4.25 164 059 | 054 | 092 0.69 0.63 0.32
2 16.67 69 1.45 | 0.74 5.38 1.40 7.55 3.77
Effective LS for Complex Slope® 4.09

Notes:

1 - B is based on Reference 2, Equation 4-3 (attached).

2 —m is based on Reference 2, Equation 4-2 (attached), high ratio of rill to interrill erosion (2*p).

3 — LS for each segment is based Reference 2, Table 4-3 (attached). When obtaining LS values
from table 4-3, the segment slope gradient is used but slope length is equal to the cumulative
length of the composite slope (i.e., 233 feet in this case).

4 — Soil Loss Factor is based on Reference 2, Table 4-6 (attached).

5 — Weighted LS for each segment equals the product of the determined LS and the Soil Loss
Factor and dividing by number of slope segments (n = 2).

6 — Effective LS represents the total slope length factor for the complex slope by adding weighted
LS factors for each segment.

G:\TMPro)\SRSNE\54634\Calculations\Soil Loss Calc\RCRA Cap Cover System Soil Loss Calculation Sheet
06-17-16.doc Page 2 of 3
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Using RUSLE with the effective LS value calculated above,

A = (160)(0.29)(4.09)(0.003)(1) = 0.57 ton/acrelyear

SUMMARY:

Based on the RUSLE equation, the estimated soil loss rate from the cover is 0.57 tons per acre per year.
This is considered to be a conservative value as it is based on the worst-case slope condition. The
estimated soil loss rate is less than the maximum rate of 2 tons per acre per year recommended by the
USEPA and is therefore deemed acceptable.

G:\TMPro)\SRSNE\54634\Calculations\Soil Loss Calc\RCRA Cap Cover System Soil Loss Calculation Sheet
06-17-16.doc Page 3 of 3
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Slope Length and Steepness Factors (LS)

SLOPE LENGTH FACTOR (L)

Plot data used to derive the slope length factor (L) have shown that average
erosion for the slope length A (in ft} varies as

L = (J72.6)" [+1]

where 72.6 = the RUSLE unit plot length in ft and m = a variable slope-length
exponent { Wischmeier and Smith 1978). The slope length A is the horizontal
projection, not distance parallel to the soil surface.

The slope-length exponent m is related to the ratio p of rill erosion (caused by
flow) to interrill erosion (principally caused by raindrop impact) by the
following equation (Foster et al. 1977):

m =B/ +P) [4-2]

Values for the ratio B of rill to interrill erosion for conditions when the soil is
moderately susceptible to both rill and interrill erosion were computed from
{McCool et al. 1989)

B = (sin 6/0.0896) / [3.0(sin BP* + 0.56] [4-3]

where © = slope angle. Given a value for B, a value for the slope-length
exponent m is calculated from equation [4-2].

The middle column in table 4-5, calculated from equations [4-3] and [4-2], gives
values for m that are typical of agricultural fields in seedbed condition. When
runoff, soil, cover, and management conditions indicate that the soil is highly
susceptible to rill erosion, the exponent m should be increased as shown in the
right column of table 4-5. This condition is most likely to occur on steep,
freshly prepared construction slopes. These values for m were determined by
doubling the § values from equation {4-3] before applying equation [4-2].
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Slope Length and Steepness Factors (LS)

Table 4-6.
Soil loss factor to estimate s0il loss on a segment of a uniform slope.
Slope-length exponent (m)
Number  Sequential
of number of
segments segments 05 1 2 3 4 S .6 7 8

2 i 097 093 087 081 076 071 066 0.62 057

2 1.03 107 113 119 124 129 134 138 143

3 1 095 090 080 072 064 058 052 046 042

2 1.01 102 104 105 106 105 105 104 1.03

1.04 108 116 123 130 137 143 150 1.55

4 1 093 087 076 066 057 050 044 038 033

2 1.00 100 098 096 094 092 088 085 (.82

3 103 105 109 113 116 1.18 12 122 123

4 104 108 117 125 133 140 148 1.55 1.62

5 1 092 085 073 062 053 045 038 032 028

2 099 097 094 09 08 082 0.77 073 0.69

3 1.01 103 104 105 106 106 1.06 1.05 1.03

4 1.03 106 1.12 117 121 125 129 132 135

5 1.05 1.09 117 126 134 142 150 158 1.65

Soil-foss factors = [i™1 . (i - 1)™*'m™
where i = sequential number of segment,

m = slope length exponent, and n = number
of segments. Values are forced to give-a
factor total equal to number of segments.
Values from RUSLE computer program
may differ slightly due to round-off.
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SOURCE: REFERENCE 2

—
()
= || S topographic factor, LS, for high ratie of fl to interr erosion.'
Horizontal slope Ieﬁqth {ft)
Sl;,pe <3 8 9 12 15 25 50 75 100 150 \ 200 250 300 400 600 800 1000
(%) -
0.2 0.05 0.05 0.05  0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.08 0.08 0.08 0.08 0.08 0.08 0.08
0.5 007 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.09 0.09 0,10 0.10 0.10 0.1 0.12 042 013
71.0_ 0.09 009 0.09 0.09 0.09 0.10 0.13 0.14 0.15 0.17 18 0.10 0.20 0.22 0.24 0268 0.27
20 013 0.13 0.13 0.13 0.13 0.18 0.21 0.28 0.2 0.33 0. 0:40 0.43 0.48 0.56 0683 069
3.0 0.17 047 0.17 017 0.17 0.21 0.30 0.36 0.41 0.50 0.5 0.84 0.88 0.80 0.96 1.10 1.23
225 4.0 0.20 020 .20 0.20 .20 0.26 0.38 0.47 0.55 0.58 0.79 N 0.88 0.98 1.14 1.42 1.68 1.86
: 0] 50 023 023 0.23 0.23 0.23 0.31 0.46 0.58 0.64 0.86 1.02 1.16 1.28 1.51 181 225 255
6.0 026 0.28 0.26 0.26 0.26 0.36 Q.54 0.69 0.82 1.08 1.25 143 150 1.80 243 289 330
8.0 032 032 0.32 0.32 0.32 0.45 0.70 0.91 1.10 143 1.72 1.9% 224 2.70 152 424 491
100 035 037 0.38 0.39 0.40 0.57 0.91 1.20 1.46 1.92 234 2.72 3.00 3.75 4.95 6.03 7.02
12.0 036 041 045 047 0.49 0.7 118 1.54 1.88 2.51 3.07 3.60 4.09 5.01 8.67 817  9.57
14.0 038 045 0.51 0.55 0.58 0.85 1.40 1.87 2.3 3.09 3.81 448 5.11 8.30 8.45 1040 12.23
@] 16.0 039 049 0‘.55 0.62 0.87 0.98 1.64 2.21 273 3.68 ‘4.58 537 6.15 1.60 10.26 1269 1496
20.0 041 056 0.87 0.76 0.84 1.24 2,10 2.86 3.57 4.85 8,23 10.24 13.94 17.35 20.57
25.0 045 064 0.80 0.93 1.04 1.58 2.87 3.er 4.59 8.30 7.88 9.38 10.81 13.53 18.57 23.24 27.68
30.0 048 072 0.91 1.08 1.24 1.88 a.22 4.44 5.58 7.0 9.67 11.55 13.35 18,77 23.14 28.07 3471
40.0 053 0.6 1.13 137 1.59 241 4.24 5.89 7.44 10.35 13.0 15.67 1817 2295 31.89 40.20 48.29
50.0 058 0.97 1.31 1.62 1.91 291 518 7.20 8.13 12.78 16.1 19.42 22,57 28.60 39.95 50.83 60.84
0.0 063 1.07 147 1.84 2.18 .36 8.97 837 1063 14,89 18.92 22,78 26.51 3367 47,18 5903 7215

1Such as for frashly prepared consfruction and other highly disiurbed soil conditions with little or no cover (not applicable to thawing soil}

[5.38

'y 49)deyn




SOURCE: REFERENCE 3

Table 3-2.—C factors for permanent pasture, grazed forest land, range, and idle land*

Vegetative canopy Cover that contacts the soil surface
Type and Percent Percent ground cover
height? cover? Type* 0 20 40 60 80 95+
No appreciable G 0.45 0.20 0.10 0.042 0.013 I 0.003 I
canopy W 45 .24 15 .091 .043 011
Tall grass, weeds, 25 G .36 17 .09 .038 013 .003
or short brush w .36 .20 .13 .083 .041 .011
with average
drop fall height 50 G .26 13 .07 .035 012 .003
of 20 in. or less w .26 .16 11 .076 .039 011
75 G 17 .10 .08 .032 .011 .003
W 17 12 .09 .068 .038 011
Appreciable brush 25 G .40 .18 .09 .040 .013 .003
or bushes, with W 49 22 14 .087 042 .011
average drop fall
height of 6% ft 50 G .34 .16 .08 .038 .012 .003
w .34 .19 .13 .082 .041 011
75 G 28 14 .08 .036 012 .003
W .28 a7 12 078 .040 .011
Trees, but no ap- 25 G 42 .19 .10 041 .013 .003
preciable low w 42 .23 .14 .089 042 .011
brush. Average
drop fall neight 50 G .39 .18 .09 .040 .013 .003
of 13 ft w .39 21 .14 .087 .042 011
75 G .36 17 .09 .039 .012 .003
\'J .36 .20 .13 .084 .041 011

“The listed C values require that the vegetation and mulch are randomly distributed over the entire area. For grazed
forest land multiply these values by 0.7.

2Canopy height is measured as the average fall height of water drops falling from the canopy to the ground. Canopy
effect is inversely proportional to drop fall height and is negligible if fall height exceeds 33 ft.

Portion of total-area surface that would be hidden from view by canopy in a vertical projection (a bird’s-eye view).

‘G: cover at surface is grass, grasslike plants, decaying compacted duff, or litter. W: cover at surface is mostly
broadleaf herbaceous plants (as weeds with little lateral-root network near the surface) or undecayed residues or both.

II{{ i (1)8357 percent of surface is covered by grass and grasslike
LS B 1' 4 plants; soil is Fayette silt loam; slopes are 8 per-
C _ 0.43 cent and 200 ft leng.
P = 1.00 R = 185
. K = 037
A (annual soil loss) = 185 x 0.37 x 1.4 x 0.43 LS — 14

x 1.0 -
= 41.2 tons/acre C = 0.012

185 x 0.37 x 1.4 x 0.012
1.15 tons/acre

Pasture: 170 acres; 50 percent of area has canopy A (annual soil Joss)

cover of short brush (0.5-m [1.6-ft] fall height); 80

i
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SOURCE: REFERENCE 4

soil in a unit plot, pinpoints differences in erosion according to differ-
ences in soil type. Long-term plot studies under natural rainfall have pro-
duced K values generalized in Table 5 for the USDA soil types.

TABLE 5. APPROXIMATE VALUES OF FACTOR X FOR
USDA TEXTURAL CLASSES!1

Organic matter content

Texture class <D.5% 2% 49

K K K
Sand 0.05 0.03 0.02
Fine sand .16 .14 .10
Very fine sand b2 .36 .28
Loamy sand .12 .10 .08
Loamy fine sand .24 .20 .16
Loamy very fine sand Ak .38 .30
Sandy loam 27 .24 .19
Fine sandy loam .35 .30 .2h
Very fine sandy loam AT a1 .33
Loam .38 .34 .29
Silt loam .48 L2 .33
Silt .60 .52 b2
Sandy clsy loam 27 .25 .21
Clay loam .28 .25 .21
Silty clay loam <37 .32 .26
Sendy clay L1k .13 .12
Silty clay .25 .23 .19
Clay 0.13-0.29

The values shown are estimated sverages of broad
renges of specific-soil values. When a texture is
near the borderline of two texture classes, use
the average of the two K values.

The evaluator must next consider the shape of the slope in terms of
length and inclination. The appropriate LS factor is obtained from Table 6.
A nonlinear slope may have to be evaluated as a series of segments, each with
uniform gradient. Two or three segments should be sufficient for most engi-
neered landfills, provided the segments are selected so that they are also
of equal length (Table 6 can be used, with certain adjustments). Enter
Table 6 with the total slope length and read LS values corresponding to the
percent slope of each segment. For three segments, multiply the chart LS
values for the upper, middle, and lower segments by 0.58, 1.06, and 1.37,
respectively. The average of the three products is a good estimate of the
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SRSNE Site Group
Southington, CT

Complex Slope Soil Loss Evaluation

Proposed RCRA Cap:
A=R*K*LS*C*P

R= 160
K= 0.29
LS = solve for
C= 0.003

pP= 1

(USDA 1978; Figure 1 - Average Annual Rainfall Runoff Erosivity Factor)
(USDA 1997; Fig 3; See geotech results below for assumptions)
(USDA 1997; Table 4-1; high ratio of rill to interill erosion)

(USDA 1978; Table 3-2; No appreciable canopy,95%-100% ground cover)
(USDA 1997; no special contouring practice)

As 2 Jwachyr
LS < A/ (R*K*C*P) 14.37 (LS must be less than or equal to this value)

n 2
Total Slope Length 233 B
(USDA  (USDA 1997; eq. 1997; soil-
1997; eq. 4 4-2; using USDA 1997; loss factor
3) 2*beta) Table 4-3  table 4-6
Max Slope Length .
Segment % sSlope | (horiz projection - | beta® m? 1s* | st | Lsrsip |EffectivelS
) LS*SLF/n
1 4.25 164 0.59 0.54 0.92 0.69 0.63 0.32
2 16.7 69 1.45 0.74 5.38 1.40 7.55 3.77
Effective LS for Complex Slope 4.09

6/6/2016

G:\TMProj\SRSNE\54634\Calculations\Soil Loss Calc\RUSLE-Complex Slopes Spreadsheet

Page 1 of 1
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Calculation Sheet

Client: SRSNE Site Group

Project Location: Southington, CT

Project: SRSNE RCRA Cap Design Project No.: B0054634.0001
Subject: Swale Capacity and Erosion Resistance Calculations

Prepared By: _ NWF/PTO Date: July 2016
Reviewed By:__ JEM Date: July 2016
Checked By:___JEM Date: July 2016
OBJECTIVE:

Demonstrate that the four (4) swales constructed as part of the RCRA cap design have the hydraulic
capacity to convey the peak discharge resulting from the 100-year, 24-hour design storm. Demonstrate
the aforementioned swales are hydraulically stable when subjected to the fluid shear stresses associated
with the 100-year, 24-hour design storm. Demonstrate that the culvert outlet pipes from the swales have
adequate capacity to convey the peak discharge resulting from the 100-year, 24-hour storm event.

REFERENCES:

1. Solvents Recovery Service of New England, Inc. (SRSNE) Superfund Site RCRA Cap Design
Drawings No. 6 titled “Final Grading and Drainage Plan,” ARCADIS, May 2016.

2. HydroCAD. Version 10.0. Computer Software. HydroCAD Software Solutions LLC, 2015.
3. Terramodel. Version 10.52. Computer Software. Trimble Navigation Limited. 2007.

4. Urban Hydrology for Small Watersheds Technical Release 55 (TR-55). US Department of Agriculture
(USDA) Natural Resources Conservation Service (NRCS). June 1986. (select pages attached)

5. Atlas of Point Precipitation Frequency Estimates, National Oceanic and Atmospheric Association
(NOAA). Atlas 14, Volume 10, Version 2. For Southington, CT. September 2015 (select pages
attached).

6. Design of Roadside Channels with Flexible Linings. Hydraulic Engineering circular No. 15 (HEC-15).
US Department of Transportation Federal Highway Administration. April 1988.

7. Stability Design of Grass-Lined Open Channels. Agriculture Handbook No. 667. US Department of
Agriculture (USDA) Agricultural Research Service (ARS). September 1987.

8. Turf reinforcement matting (TRM) product literature. Tensar/ North American Green (NAG) website:
www.nagreen.com.

ASSUMPTIONS:

1. The hydrologic data (i.e., watershed characteristics, storm type, and rainfall amounts) used to
perform this analysis were obtained from Reference 5. The design storm is a Type lll, 100-year,
24-hour storm which producing 8.61 inches of rainfall.

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Swale Conveyance and Stability Calculation
Sheet-pto_RJ_2.doc Page 1 of 6
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2. The South Drainage Swale, as depicted on Reference 1, is the swale that conveys stormwater
runoff from the southern slope of the RCRA cap area, and run-on from south of the RCRA cap
area, east to a proposed culvert which conveys flows beneath the rails to trails berm. The swale
is trapezoidal in geometry with a basewidth of 2-feet and sideslopes of 2H:1V and 3H:1V. The
longitudinal invert bedslope varies from 0.5% to 12.0%. Therefore, the minimum and maximum
slope are analyzed for conveyance and stability to verify the extents of the swale are adequate for
managing the peak discharge resultant from the design storm. The minimum depth of the swale is
1.6-feet.

3. The Southern Outlet Drainage Swale, as depicted on Reference 1, is the swale that conveys
stormwater runoff from the South Drainage Swale, and run-on from south of the RCRA cap area,
southeast to an existing drainage swale. The swale is trapezoidal in geometry with a basewidth of
3-feet and 2H:1V sideslopes. The longitudinal invert bedslope varies from 0.5% to 4.8%.
Therefore, the minimum and maximum slope are analyzed for conveyance and stability to verify
the extents of the swale are adequate for managing the peak discharge resultant from the design
storm. The minimum depth of the swale is 1.0-foot.

4. The Central Drainage Swale, as depicted on Reference 1, is the swale that conveys stormwater
runoff from the western RCRA cap area as well as portions of the “rails to trails” area within the
RCRA cap. The swale is trapezoidal in geometry with a basewidth of 2-feet and sideslopes of
6H:1V. The longitudinal invert bedslope is a constant 0.7%. The minimum depth of the swale is
2.2-feet.

5. The Eastern Drainage Swale, as depicted on Reference 1, is the swale that conveys stormwater
runoff from the eastern RCRA cap area and existing areas east of the RCRA cap area. The swale
conveys runoff to a proposed culvert which drains to a subsurface drainage system located at the
northeast corner of the Site. The swale is trapezoidal in geometry with a basewidth of 2-feet and
sideslopes of 3H:1V. The longitudinal invert bedslope is a constant 0.6%. The minimum depth of
the swale is 1.0-foot.

6. Swale conveyance capacity is evaluated using Reference 6 and the Manning equation to
estimate required flow depths. The calculated flow depth is compared to the minimum swale
depth of each swale to ensure flow in restricted to the swale. All three swales analyzed will be
vegetated for erosion resistance. The vegetation is assumed to be Class C vegetation (6-12
inches tall) and a mix of sod and bunch growth. The Manning “n” is calculated from Reference 6.

7. Swale lining is evaluated for stability using the shear stress approach described in Reference 6.
Maximum shear stress is compared to the permissible shear stress of the lining material (as
determined according to the procedures described in Reference 6) to determine a factor of safety
against failure. The lining material is considered to be stable when the factor of safety equals or
exceeds 1.0.

8. Portions of the South Swale and Southern Outlet Swale will be lined with a permanent turf
reinforcement mat (TRM). The, Central Swale and East Swale will be lined with unreinforced
vegetation. A temporary erosion control mat (ECM) will be used for swale stabilization before

vegetation is established. The permissible shear stress, Tp, for each swale lining material is as
follows:

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Swale Conveyance and Stability Calculation
Sheet-pto_RJ_2.doc Page 2 of 6
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e Permanent TRM = 10 psf (Reference 8)
e Unreinforced Vegetation = 1.0 psf (Class C Vegetation) (Reference 7)
o The ECM will only provide temporary reinforcement prior to vegetation
establishment, and therefore the unreinforced vegetation is the long term
permissible shear stress for the swale

9. Flow from the South Swale and the East Swale are drained via culvert flow as depicted in
Reference 1. The culverts consist of 15-inch and 12-inch diameter corrugated HDPE pipe with
Smooth interior. (Manning n = 0.013) for the South Swale and East Swale respectively. The
culverts are analyzed for the peak discharge resultant from the 100-year, 24-hour design storm.
The required headwater depth is determined using Reference 2 and is compared to the minimum
swale depth at the culvert locations to demonstrate that the capacity of the pipe is great enough
such that the required headwater depth does not exceed the depth of the swale at the culvert
inlet. Both culverts assume a free discharge condition at the culvert outlets.

CALCULATIONS:

1. Swale Capacity Evaluation

Table 1 below summarizes the watershed characteristics and estimated 100-year, 24-hour peak
discharges for the swales.

Table 1. Swale Watershed Characteristics and Estimated Peak Discharges

Total
Swale I.D. Watershed | CN | Tc (Min) | 100Yr, 24-hr Peak
Discharge (cfs)
Area (acres)
South Swale 0.9 46 16.1 1.44
Southern Outlet Swale 2.3 41 18.1 242
Central Swale 2.1 65 124 8.83
East Swale 14 61 14.7 4.92

Flow depths were estimated using Manning’s equation presented below:

lage o ..-.
Q= r—tA.E'““E.S'l"‘ where,

Q = Flow rate (cfs)

n = Manning n

A = Flow area (ft?)

R = Hydraulic radius (ft)
S = Bed slope (ft/ft)

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Swale Conveyance and Stability Calculation
Sheet-pto_RJ_2.doc Page 3 of 6
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Flow depths were determined by iteratively solving Manning’'s equation, using trial flow depths, until the
calculated flow rate matched the 100-year, 24-hour peak discharge for the swale segment. Table 2,
below, summarizes the estimated flow depth and freeboard for each swale segment. Calculations are
provided in Attachment B.

Table 2. Swale Capacity Evaluation Results

100-yr, 24-hr Flow Minimum Freeboard
Swale I.D. Peak Discharge Depth (ft) Swale Depth (ft)
(cfs) & (ft)
Min. Slope
(0.5%) 0.7 0.9
South Swale 1.44 1.6
Max Slope
(12.0%) 0.2 1.4
Min. Slope 0.8 0.2
Southern Outlet (0.5%) ' '
Swale 2.42 1.0
Max Slope
(4.8%) 0.3 0.7
Central Swale 8.83 1.0 2.2 1.2
East Swale 4.92 1.0 2.0 1.0

2. Swale Stability Evaluation

The equation used to calculate the maximum shear stress, Tv (in pounds per square foot [psf]), on the
bed of each swale segment is:

Tp = (Y )J(d)(S) where,

Yw = Unit weight of water (62.4 Ib/ft3)
d = Depth of flow (ft)
S = Bed slope (ft/ft)

The factor of safety was then determined as follows:

T
Factor of Safety = Permissible Shear Stress / Maximum Shear Stress = -
Tb

The resulting shear stresses and factors of safety for each swale segment are summarized in Table 3,
below.

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Swale Conveyance and Stability Calculation
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Table 3. Swale Stability Evaluation Results

100-yr, . ..
24-hr Flow Maximum - Permissible Factor
Swale I.D. Peak | Depth | Shear ilre SN of
. Stress Material Stress
Discharge (Ft) 2 2 Safety
(cfs) (Ib/ft?) (Ib/ft?)
. Unreinforced
South Min. Slope as 0.7 0.2 Vegetation 10 4.8
Swale ’ Permanent
Max Slope 0.2 14 TRM 10.0 7.4
. Unreinforced
S%ul;cn:trn Min. Slope - 0.8 0.23 Vegetation 10 4.3
' Permanent
Swale Max Slope 0.3 0.86 TRM 10.0 11.61
Unreinforced
Unreinforced
East Swale 4.92 1.0 0.5 Vegetation 1.0 2.0

3. Culvert Outlet Pipes Capacity Evaluation

Flow depths in the culverts are estimated by routing the peak discharge through each pipe using
Reference 1, and determining the headwater depth at the inlet of the pipe using Reference 2. The
resulting headwater depth and swale freeboard are summarized in Table 4, below.

Table 4. Culvert Outlet Pipe Capacity Evaluation Results

Headwater Depth at Swale Depth at
Culvert 1.D. 100-yr, 24-hr Peak Culvert Inlet Culvert Inlet | Freepoard
Discharge (cfs) (ft)
(ft) (ft)
South Culvert Pipe 1.44 0.6 1.6 1.0
East Culvert Pipe 4.92 1.1 2.0 0.9
SUMMARY:

Based on the results of the calculations presented above, the three on-site swales have sufficient
capacity to convey the estimated 100-year, 24-hour peak discharge without overtopping the swale banks,
as summarized in Tables 2 and 4. The swale linings are hydraulically stable when subjected to the fluid
shear stresses associated with the 100-year, 24-hour peak discharge, as summarized in Tables 2 and 4.

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Swale Conveyance and Stability Calculation
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Additionally, the outlet culvert pipes have sufficient capacity to convey the 100-year, 24-hour peak
discharge without causing overtopping of the swales as summarized in Table 4.

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Swale Conveyance and Stability Calculation
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Channel calcs

Prepared by ARCADIS U.S., Inc
HydroCAD® 10.00-14 s/n 07059 © 2015 HydroCAD Software Solutions LLC

Type lll 24-hr 100-year Rainfall=8.61"
Printed 6/8/2016

Page 2

Runoff

8.83cfs@ 12.17 hrs, Volume=

Summary for Subcatchment 3S: Central Swale

33,711 cf, Depth= 4.39"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-35.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-year Rainfall=8.61"

Area (ac)

CN

Description

1.568
0.140
0.406

58
89
85

Meadow, non-grazed, HSG B
Paved roads w/open ditches, 50% imp, HSG B
Gravel roads, HSG B

2.114
2.044
0.070

Tc

(min)

Length
(feet)

65

Weighted Average
96.69% Pervious Area
3.31% Impervious Area

Slope Velocity Capacity Description
(ft/ft)  (ft/sec) (cfs)

10.5

0.4

0.3

1.2

100

33

48

351

0.0430 0.16

0.0430 1.45

0.1700 2.89

Sheet Flow, Sheet flow from RCRA Cap

Grass: Dense n=0.240 P2=3.20"

Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps
0.0070 4.74 18.98 Channel Flow, RCRA Cap Central Swale

Area= 4.0 sf Perim=6.0" r=

0.67' n=0.020

12.4

Flow (cfs)

532

Total

Subcatchment 3S: Central Swale
Hydrograph

e B e e

e e e

Tc

e e e
e B e e
e e e

———F——— -t ——
I
B e

—— - ——

Time (hours)

3 Wr""77""WifﬂfﬁﬂﬁﬁffTAfééﬁZﬁliﬁr ac 3
‘ *Rurro*ff*v‘oiu*rrfe*‘és* *71‘1*01*

n ”532171
124m|n‘ |

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35



8.61"
Page 3

Printed 6/8/2016

0.67' n=0.020

7.0 fps

17.57 Channel Flow, RCRA Cap East Ditch

0.00-35.00 hrs, dt=0.01 hrs

0.240 P2=3.20"
6.0' r

Shallow Concentrated Flow,

Type Il 24-hr 100-year Rainfall

20,186 cf, Depth= 3.92"

Time Span

CN

Sheet Flow, Sheet flow from NTCRA 1

Grass: Dense n
Short Grass Pasture Kv
Area= 4.0 sf Perim

Weighted

(cfs)

Subcatchment es: East Swale

SCS

=8.61"
0.10
4.02
4.39

Summary for Subcatchment es: East Swale
(ft/sec)

>75% Grass cover, Good, HSG B

100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

492 cfs@ 12.20 hrs, Volume

CN Description
61

76 0.0140
10 0.3300
386 0.0060

472 Total

(feet)

1.420
1.420
Tc Length

Area (ac)
(min)

13.2
0.0
15

14.7

HydroCAD® 10.00-14 s/n 07059 © 2015 HydroCAD Software Solutions LLC

Channel calcs

Prepared by ARCADIS U.S., Inc
Runoff by SCS TR-20 method, UH
Type Il 24-hr 100-year Rainfall

Runoff
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Channel calcs

Prepared by ARCADIS U.S.,
HydroCAD® 10.00-14 s/n 07059 © 2015 HydroCAD Software Solutions LLC

Inc

Type lll 24-hr 100-year Rainfall=8.61"
Printed 6/8/2016
Page 4

Runoff

Summary for Subcatchment ss: South Swale

1.44 cfs @ 12.25 hrs, Volume=

6,880 cf, Depth= 2.18"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-35.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-year Rainfall=8.61"

Area (ac)

CN

Description

0.603
0.247
0.020

49
36
89

50-75% Grass cover, Fair, HSG A
Woods, Fair, HSG A

Paved roads w/open ditches, 50% imp, HSG B

0.870

46

0.860
0.010

Tc

(min)

Length
(feet)

Weighted Average

98.85% Pervious Area
1.15% Impervious Area

Slope Velocity Capacity

(ft/ft)

(ft/sec)

Description

(cfs)

14.9

0.5

0.7

100

73

315

0.0500

0.0200

0.0390

0.

2.

7.

11

28

39

44.37

Sheet Flow, Slope from PL high point
Woods: Light underbrush n=0.400 P2=3.20"
Shallow Concentrated Flow,

Unpaved Kv=16.1 fps

Channel Flow, Flow in South Ditch to Culvert
Area= 6.0 sf Perim=12.0' r=0.50' n=0.025

16.1

Flow (cfs)

488

Total

Subcatchment ss: South Swale

Hydrograph

|
|
|
|
|
|
|
|
|
|
|
|
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
I
|
|
l

- Type ll 24-hr
-year Ramfall—B 61"
 Runoff Area=0.870 ac
Runoff Volume=6,880 cf
Runoff Depth=2.18"

Flow Length*488'
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Channel calcs Type Il 24-hr 100-year Rainfall=8.61"

Prepared by {enter your company name here} Printed 7/11/2016
HydroCAD® 10.00-17 s/n 05595 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 4S: Southern Outlet Swale

Runoff = 242 cfs @ 12.31 hrs, Volume= 13,691 cf, Depth= 1.63"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-35.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-year Rainfall=8.61"

Area (ac) CN Description
0.603 49 50-75% Grass cover, Fair, HSG A
0.247 36 Woods, Fair, HSG A
0.020 89 Paved roads w/open ditches, 50% imp, HSG B
0.200 49 50-75% Grass cover, Fair, HSG A
1.240 36 Woods, Fair, HSG A

2.310 41 Weighted Average

2.300 99.57% Pervious Area
0.010 0.43% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
14.9 100 0.0500 0.1 Sheet Flow, Slope from PL high point
Woods: Light underbrush n=0.400 P2=3.20"
0.5 73 0.0200 2.28 Shallow Concentrated Flow,

Unpaved Kv=16.1 fps
0.7 315 0.0390 7.39 44 .37 Channel Flow, Flow in South Ditch to Culvert
Area= 6.0 sf Perim=12.0' r=0.50' n= 0.025
2.0 750 0.0480 6.40 32.02 Channel Flow, Flow in South Ditch to Culvert
Area= 5.0 sf Perim=14.5' r=0.34'
n=0.025 Earth, clean & winding

18.1 1,238 Total
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Type Il 24-hr 100-year Rainfall

HydroCAD® 10.00-14 s/n 07059 © 2015 HydroCAD Software Solutions LLC

Prepared by ARCADIS U.S., Inc

Channel calcs

Summary for Pond 1P: Proposed Culvert-South

[57] Hint: Peaked at 161.62' (Flood elevation advised)

for 100-year event

2.18"

1.15% Impervious, Inflow Depth

= 37,897 sf,
1l44cfs @ 12.25 hrs,

Inflow Area
Inflow

6,880 cf

Volume

144 cfs @ 12.25 hrs, Volume

0.0 min

0%, Lag

6,880 cf, Atten

Outflow
Primary

880 cf

6

144 cfs @ 12.25 hrs, Volume

0.01 hrs

0.00-35.00 hrs, dt=

Routing by Dyn-Stor-Ind method, Time Span

Peak Elev=161.62' @ 12.25 hrs

Outlet Devices

Invert
161.00'

Device Routing

0.700
Cc=0.900

S=0.0238 "

0.013 Corrugated PE, smooth interior, Flow Area= 1.23 sf

Round Culvert
63.0' CPP, mitered to conform to fill, Ke

Inlet / Outlet Invert= 161.00' / 159.50'

15.0"
n

L

Primary

#1
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Pond 1P: Proposed Culvert-South

Hydrograph

= Inflow
= Primary
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Type Il 24-hr 100-year Rainfall

HydroCAD® 10.00-14 s/n 07059 © 2015 HydroCAD Software Solutions LLC

Prepared by ARCADIS U.S., Inc

Channel calcs

Summary for Pond 2P: Proposed Culvert-East

[57] Hint: Peaked at 156.40' (Flood elevation advised)

for 100-year event

3.92"

Impervious, Inflow Depth

0.00%

= 61,855 sf,
492 cfs@ 12.20 hrs, Volume

Inflow Area
Inflow

20,186 cf

= 0%, Lag= 0.0 min

186 cf, Atten

20.186 cf

20

492 cfs@ 12.20 hrs, Volume

Outflow
Primary

492 cfs@ 12.20 hrs, Volume

0.01 hrs

0.00-35.00 hrs, dt=

Routing by Dyn-Stor-Ind method, Time Span

Peak Elev= 156.40' @ 12.20 hrs

Outlet Devices

Invert
155.34"

Device Routing

0.700
Cc=0.900

S=0.0161""

Round Culvert
18.0' CPP, mitered to conform to fill, Ke

Inlet / Outlet Invert= 155.34' / 155.05'

24.0"
L

Primary

#1

0.013 Corrugated PE, smooth interior, Flow Area= 3.14 sf
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Project: SRSNE RCRA Cap Design
Subject: Channel Calculations

Central Swale- Vegetated Lining

Channel Design (Input)

Flow Capacity (cfs) 8.83

Base Width (ft) 2.00

Left Side Slope (x:1) 6.00

Right Side Slope (x:1) 6.00

Bed Slope 0.007

Vegetative Retardance Class (A, B, C, D, or E) C

Vegetative Growth Form (Sod [S], Bunch [B], or Mixed [M]) M

Cover Density (Excellent [E], Verry Good [VG], Good [G], Fair [F], Poor [P]) VG

Maximum Allowable Shear Stress (psf) 1.00

[Manning "n" 0.081
Flow Conditions (Output)

Flowrate from Manning Equation (cfs) 8.83
Required Flow Depth (ft) 1.02
Resulting Flow Velocity (ft/s) 1.06
Resulting Flow Width at Top (ft) 14.27
Resulting Flow Area (ft’) 8.32
Resulting Wetted Perimeter (ft) 14.44
Resulting Hydraulic Radius (ft) 0.58
Maximum Shear Stress (psf) 0.45
Average Shear Stress (psf) 0.25

Factor of Safety
Shear Stress Factor of Safety 2.24

--- Channel is STABLE ---

6/8/2016
G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Channel Design (HEC-15 2005).xls

Row
19
20
21

By: PTO Date:5/25/16

Ckd By: Date:

REFERENCE:

USDOT FHWA. Hydrologic Engineering Circular No. 15 (HEC-15). Design of Roadside Channels with
Flexible Linings . September 2005.

TABLES:
Grass Roughness Coefficients (Table 4.4)
Cn= 0.22
Retardance Class Cn
A 0.605
B 0.418
C 0.220
D 0.147
E 0.093

Cover Factor Values for Uniform Stands of Grass (Table 4.5)

Cf= 0.79
Col 6 7 8 9 10
Cover / Density E F G P VG
B 0.55 0.47 0.50 0.41 0.53
M 0.82 0.70 0.75 0.62 0.79
S 0.98 0.84 0.90 0.75 0.95
(Table 4.1)
Vegetation Class Stem Ht.
A 24"-36"
B 12"-24"
C 6"-12"
D 2"-6"
E 0"-2"
EQUATIONS:
_ Tpsoil ( n. : Eq. 4.7
(1-cf)\ns

Tp = Permissible shear stress for lining (psf)

Tpsoil = Permissible shear stress for soil (Tpsoil = 0.02 for fine-grained, non-cohesive)
Cf = Cover factor (Table 4.5)

ns = soil grain roughness (ns = 0.016 for fine-grained soils)

n = overall lining roughness (see Eq. 4.2)

n =(0.213)CnTo ** Eq.4.2

Cn = Grass roughness coefficient (Table 4.4)
To = mean boundary shear stress (psf) = YRS



Project: SRSNE RCRA Cap Design
Subject: Channel Calculations

6/1/2016

South Swale- Min. Slope-Vegetated Lining

Channel Design (Input)

[Flow Capacity (cfs) 1.44

[Base Width (ft) 2.00

Left Side Slope (x:1) 2.00

Right Side Slope (x:1) 3.00

Bed Slope 0.005

[Vegetative Retardance Class (A, B, C, D, or E) C

[Vegetative Growth Form (Sod [S], Bunch [B], or Mixed [M]) M

(Cover Density (Excellent [E], Verry Good [VG], Good [G], Fair [F], Poor [P]) VG

[Maximum Allowable Shear Stress (psf) 1.00

[Manning "n" 0.104

|| Flow Conditions (Output)

[Flowrate from Manning Equation (cfs) 1.44
Required Flow Depth (ft) 0.67
Resulting Flow Velocity (ft/s) 0.59
Resulting Flow Width at Top (ft) 5.35
Resulting Flow Area (%) 2.46
Resulting Wetted Perimeter (ft) 5.62
Resulting Hydraulic Radius (ft) 0.44
Maximum Shear Stress (psf) 0.21
Average Shear Stress (psf) 0.14

[Factor of Safety
Shear Stress Factor of Safety 4.79

--- Channel is STABLE ---

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Channel Design (HEC-15 2005)

Row
19
20
21

By: PTO Date:5/25/16

Ckd By: Date:

REFERENCE:

USDOT FHWA. Hydrologic Engineering Circular No. 15 (HEC-15). Design of Roadside Channels with
Flexible Linings . September 2005.

TABLES:
Grass Roughness Coefficients (Table 4.4)
Cn= 0.22
Retardance Class Cn
A 0.605
B 0.418
C 0.220
D 0.147
E 0.093

Cover Factor Values for Uniform Stands of Grass (Table 4.5)

Cf= 0.79
Col 6 7 8 9 10
Cover / Density E F G P VG
B 0.55 0.47 0.50 0.41 0.53
M 0.82 0.70 0.75 0.62 0.79
S 0.98 0.84 0.90 0.75 0.95
(Table 4.1)
Vegetation Class Stem Ht.
A 24"-36"
B 12"-24"
C 6"-12"
D 2"-6"
E 0"-2"

EQUATIONS:

_ Tpsoil (n Y’ Eq.47
ns

(1-cf)

Tp = Permissible shear stress for lining (psf)

Tpsoil = Permissible shear stress for soil (Tpsoil = 0.02 for fine-grained, non-cohesive)
Cf = Cover factor (Table 4.5)

ns = soil grain roughness (ns = 0.016 for fine-grained soils)

n = overall lining roughness (see Eq. 4.2)

n=(0.213)CnTo ¢ Eq.42

Cn = Grass roughness coefficient (Table 4.4)
To = mean boundary shear stress (psf) = yRS



Project: SRSNE RCRA Cap Design
Subject: Channel Calculations

6/1/2016

South Swale- Max. Slope- Vegetated Lining

Channel Design (Input)

[Flow Capacity (cfs) 1.44

[Base Width (ft) 2.00

Left Side Slope (x:1) 3.00

Right Side Slope (x:1) 2.00

Bed Slope 0.120

[Vegetative Retardance Class (A, B, C, D, or E) C

[Vegetative Growth Form (Sod [S], Bunch [B], or Mixed [M]) M

(Cover Density (Excellent [E], Verry Good [VG], Good [G], Fair [F], Poor [P]) VG

[Maximum Allowable Shear Stress (psf) 10.00

[Manning "n" 0.045

|| Flow Conditions (Output)

[Flowrate from Manning Equation (cfs) 1.44
Required Flow Depth (ft) 0.18
Resulting Flow Velocity (ft/s) 3.24
Resulting Flow Width at Top (ft) 291
Resulting Flow Area (ft%) 0.44
Resulting Wetted Perimeter (ft) 2.98
Resulting Hydraulic Radius (ft) 0.15
Maximum Shear Stress (psf) 1.36
Average Shear Stress (psf) 1.12

[Factor of Safety
Shear Stress Factor of Safety 7.37

--- Channel is STABLE ---

G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Channel Design (HEC-15 2005)

Row
19
20
21

By: PTO Date:5/25/16

Ckd By: Date:

REFERENCE:

USDOT FHWA. Hydrologic Engineering Circular No. 15 (HEC-15). Design of Roadside Channels with
Flexible Linings . September 2005.

TABLES:
Grass Roughness Coefficients (Table 4.4)
Cn= 0.22
Retardance Class Cn
A 0.605
B 0.418
C 0.220
D 0.147
E 0.093

Cover Factor Values for Uniform Stands of Grass (Table 4.5)

Cf= 0.79
Col 6 7 8 9 10
Cover / Density E F G P VG
B 0.55 0.47 0.50 0.41 0.53
M 0.82 0.70 0.75 0.62 0.79
S 0.98 0.84 0.90 0.75 0.95
(Table 4.1)
Vegetation Class Stem Ht.
A 24"-36"
B 12"-24"
C 6"-12"
D 2"-6"
E 0"-2"

EQUATIONS:

_ Tpsoil (n Y’ Eq.47
ns

(1-cf)

Tp = Permissible shear stress for lining (psf)

Tpsoil = Permissible shear stress for soil (Tpsoil = 0.02 for fine-grained, non-cohesive)
Cf = Cover factor (Table 4.5)

ns = soil grain roughness (ns = 0.016 for fine-grained soils)

n = overall lining roughness (see Eq. 4.2)

n=(0.213)CnTo ¢ Eq.42

Cn = Grass roughness coefficient (Table 4.4)
To = mean boundary shear stress (psf) = yRS



Project: SRSNE RCRA Cap Design By: NWF Date:7/11/16
Subject: Channel Calculations

Ckd By: Date:
Southern Outlet Swale- Min. Slope-Vegetated Lining REFERENCE:
USDOT FHWA. Hydrologic Engineering Circular No. 15 (HEC-15). Design of Roadside Channels with
Channel Design (Input) Flexible Linings. September 2005.
Flow Capacity (cfs) 2.42
Base Width (ft) 3.00 TABLES:
Left Side Slope (x:1) 2.00 Grass Roughness Coefficients (Table 4.4)
Right Side Slope (x:1) 2.00 Cn= 0.22
Bed Slope 0.005 Retardance Class Cn
Vegetative Retardance Class (A, B, C, D, or E) C A 0.605
Vegetative Growth Form (Sod [S], Bunch [B], or Mixed [M]) M B 0.418
Cover Density (Excellent [E], Verry Good [VG], Good [G], Fair [F], Poor [P]) VG C 0.220
Maximum Allowable Shear Stress (psf) 1.00 D 0.147
Manning "n" 0.096 E 0.093
Flow Conditions (Output) Cover Factor Values for Uniform Stands of Grass (Table 4.5)
Flowrate from Manning Equation (cfs) 2.42 Cf= 0.79
Required Flow Depth (ft) 0.75 Col 6 7 8 9 10
Resulting Flow Velocity (ft/s) 0.72 Row Cover / Density E F G P VG
Resulting Flow Width at Top (ft) 6.00 19 B 0.55 0.47 0.50 0.41 0.53
Resulting Flow Area (i9) 3.37 20 M 0.82 0.70 0.75 0.62 0.79
Resulting Wetted Perimeter (ft) 6.35 21 S 0.98 0.84 0.90 0.75 0.95
Resulting Hydraulic Radius (ft) 0.53
Maximum Shear Stress (psf) 0.23 (Table 4.1)
Average Shear Stress (psf) 0.17 Vegetation Class Stem Ht.
Factor of Safety A 24"-36"
Shear Stress Factor of Safety 4.28 B 12"-24"
--- Channel is STABLE --- c 6"-12"
D 2"-6"
E 0"-2"
EQUATIONS:
To - Tpsoil [sz Eq.4.7
(1-cf)lns

Tp = Permissible shear stress for lining (psf)

Tpsoil = Permissible shear stress for soil (Tpsoil = 0.02 for fine-grained, non-cohesive)
Cf = Cover factor (Table 4.5)

ns = soil grain roughness (ns = 0.016 for fine-grained soils)

n = overall lining roughness (see Eq. 4.2)

n=(0.213)CnTo™* Eq.4.2

Cn = Grass roughness coefficient (Table 4.4)
To = mean boundary shear stress (psf) = YRS

7/11/2016
G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Channel Design (HEC-15 2005).xIs



Project: SRSNE RCRA Cap Design By: NWF Date:7/11/16
Subject: Channel Calculations

Ckd By: Date:
Southern Outlet Swale- Max. Slope- Vegetated Lining REFERENCE:
USDOT FHWA. Hydrologic Engineering Circular No. 15 (HEC-15). Design of Roadside Channels with
Channel Design (Input) Flexible Linings. September 2005.
Flow Capacity (cfs) 2.42
Base Width (ft) 3.00 TABLES:
Left Side Slope (x:1) 2.00 Grass Roughness Coefficients (Table 4.4)
Right Side Slope (x:1) 2.00 Cn= 0.22
Bed Slope 0.048 Retardance Class Cn
Vegetative Retardance Class (A, B, C, D, or E) C A 0.605
Vegetative Growth Form (Sod [S], Bunch [B], or Mixed [M]) M B 0.418
Cover Density (Excellent [E], Verry Good [VG], Good [G], Fair [F], Poor [P]) VG C 0.220
Maximum Allowable Shear Stress (psf) 10.00 D 0.147
Manning "n" 0.053 E 0.093
Flow Conditions (Output) Cover Factor Values for Uniform Stands of Grass (Table 4.5)
Flowrate from Manning Equation (cfs) 2.42 Cf= 0.79
Required Flow Depth (ft) 0.29 Col 6 7 8 9 10
Resulting Flow Velocity (ft/s) 2.36 Row Cover / Density E F G P VG
Resulting Flow Width at Top (ft) 4.15 19 B 0.55 0.47 0.50 0.41 0.53
Resulting Flow Area (i9) 1.03 20 M 0.82 0.70 0.75 0.62 0.79
Resulting Wetted Perimeter (ft) 4.29 21 S 0.98 0.84 0.90 0.75 0.95
Resulting Hydraulic Radius (ft) 0.24
Maximum Shear Stress (psf) 0.86 (Table 4.1)
Average Shear Stress (psf) 0.72 Vegetation Class Stem Ht.
Factor of Safety A 24"-36"
Shear Stress Factor of Safety 11.61 B 12"-24"
--- Channel is STABLE --- c 6"-12"
D 2"-6"
E 0"-2"
EQUATIONS:
To - Tpsoil [sz Eq.4.7
(1-cf)lns

Tp = Permissible shear stress for lining (psf)

Tpsoil = Permissible shear stress for soil (Tpsoil = 0.02 for fine-grained, non-cohesive)
Cf = Cover factor (Table 4.5)

ns = soil grain roughness (ns = 0.016 for fine-grained soils)

n = overall lining roughness (see Eq. 4.2)

n=(0.213)CnTo™* Eq.4.2

Cn = Grass roughness coefficient (Table 4.4)
To = mean boundary shear stress (psf) = YRS

7/11/2016
G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Channel Design (HEC-15 2005).xIs



Project: SRSNE RCRA Cap Design By: PTO Date:5/25/16
Subject: Channel Calculations

Ckd By: Date:
East Swale- Vegetated Lining REFERENCE:
USDOT FHWA. Hydrologic Engineering Circular No. 15 (HEC-15). Design of Roadside Channels with
Channel Design (Input) Flexible Linings . September 2005.
[Flow Capacity (cfs) 4.92
Base Width (ft) 2.00 TABLES:
Left Side Slope (x:1) 3.00 Grass Roughness Coefficients (Table 4.4)
Right Side Slope (x:1) 3.00 Cn= 0.22
Bed Slope 0.006 Retardance Class Cn
[Vegetative Retardance Class (A, B, C, D, or E) C A 0.605
[Vegetative Growth Form (Sod [S], Bunch [B], or Mixed [M]) M B 0.418
(Cover Density (Excellent [E], Verry Good [VG], Good [G], Fair [F], Poor [P]) VG C 0.220
[Maximum Allowable Shear Stress (psf) 1.00 D 0.147
[Manning "n" 0.084 E 0.093
" Flow Conditions (Output) Cover Factor Values for Uniform Stands of Grass (Table 4.5)
[Flowrate from Manning Equation (cfs) 4.92 Cf= 0.79
Required Flow Depth (ft) 0.99 Col 6 7 8 9 10
Resulting Flow Velocity (ft/s) 1.00 Row Cover / Density E F G P VG
Resulting Flow Width at Top (ft) 7.94 19 B 0.55 0.47 0.50 0.41 0.53
Resulting Flow Area (%) 4.92 20 M 0.82 0.70 0.75 0.62 0.79
Resulting Wetted Perimeter (ft) 8.26 21 S 0.98 0.84 0.90 0.75 0.95
Resulting Hydraulic Radius (ft) 0.60
Maximum Shear Stress (psf) 0.39 (Table 4.1)
Average Shear Stress (psf) 0.23 Vegetation Class Stem Ht.
[Factor of Safety A 24"-36"
Shear Stress Factor of Safety 2.57 B 12"-24"
--- Channel is STABLE --- C 612"
D 2"-6"
E 0"-2"
EQUATIONS:
_ Tpsoil ( n Jz Eq.47
(1-cf)\ns

Tp = Permissible shear stress for lining (psf)

Tpsoil = Permissible shear stress for soil (Tpsoil = 0.02 for fine-grained, non-cohesive)
Cf = Cover factor (Table 4.5)

ns = soil grain roughness (ns = 0.016 for fine-grained soils)

n = overall lining roughness (see Eq. 4.2)

n=(0.213)CnTo ¢ Eq.42

Cn = Grass roughness coefficient (Table 4.4)
To = mean boundary shear stress (psf) = yRS

6/1/2016
G:\TMProj\SRSNE\54634\Calculations\Channel Calculations\Channel Design (HEC-15 2005)
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PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)’
. | Average recurrence interval (years)
Duration
[ 1 [ 2 ) 5 [ 10 | 25 | 50 [ 100 ][ 200 | 500 ][ 1000 |
5-min 0.343 0.414 0.530 0.626 0.758 0.860 0.962 1.09 1.25 1.37
(0.267-0.437)(/(0.321-0.528)||(0.410-0.678)|((0.481-0.806)||(0.565-1.02)|[(0.628-1.19)]|(0.682-1.38)((0.730-1.60)| |(0.808-1.92)|((0.867-2.15)
10-min 0.486 0.586 0.751 0.887 1.07 1.22 1.36 1.54 1.77 1.94
(0.378-0.619)|((0.455-0.748)(|(0.581-0.960)|| (0.682-1.14) ||(0.800-1.45)|[(0.889-1.68),/(0.966-1.96)(| (1.04-2.27) || (1.15-2.72) || (1.23-3.05)
15-min 0.572 0.690 0.883 1.04 1.26 1.43 1.60 1.81 2.08 2.28
(0.444-0.728)||(0.535-0.880)|| (0.683-1.13) || (0.802-1.34) |(0.941-1.71)|[ (1.05-1.98) || (1.14-2.31) || (1.22-2.67) || (1.35-3.19) || (1.45-3.59)
30-min 0.781 0.940 1.20 1.42 1.71 1.94 217 245 2.82 3.09
(0.607-0.995)|| (0.730-1.20) || (0.928-1.54) || (1.09-1.82) || (1.28-2.31) |( (1.42-2.68)|| (1.54-3.12) || (1.65-3.62) || (1.82-4.33) || (1.96-4.86)
60-min 0.991 1.19 1.52 1.79 2.16 245 2.73 3.09 3.55 3.91
(0.770-1.26) || (0.924-1.52) || (1.17-1.94) || (1.38-2.30) || (1.61-2.92) || (1.79-3.38) || (1.94-3.93) || (2.08-4.56) || (2.30-5.46) || (2.47-6.13)
2-hr 1.29 1.55 1.96 2.30 2.78 3.14 3.50 3.97 4.60 5.07
(1.01-1.64) || (1.21-1.96) || (1.53-2.49) || (1.78-2.95) || (2.08-3.73) | (2.31-4.32) || (2.50-5.03) || (2.68-5.85) || (2.99-7.03) || (3.22-7.92)
3-hr 1.50 1.79 2.27 2.67 3.22 3.64 4.07 4.63 5.38 5.95
(1.18-1.89) || (1.40-2.26) || (1.78-2.88) || (2.07-3.41) || (2.42-4.32) || (2.69-5.01) || (2.92-5.84) || (3.14-6.80) || (3.50-8.20) || (3.78-9.27)
6-hr 1.90 2.29 2.92 3.45 4.18 4.73 5.29 6.08 712 7.91
(1.50-2.38) || (1.80-2.87) || (2.29-3.68) || (2.69-4.37) || (3.16-5.58) || (3.52-6.49) || (3.83-7.59) || (4.13-8.88) || (4.65-10.8) || (5.05-12.3)
12-hr 2.34 2.86 3.71 4.41 5.38 6.13 6.87 7.98 9.44 10.5
(1.86-2.91) || (2.27-3.56) || (2.93-4.64) || (3.46-5.55) || (4.10-7.16) || (4.58-8.37) || (5.01-9.84) | (5.43-11.6) || (6.18-14.2) || (6.74-16.3)
24-hr 2.74 3.4 4.51 5.42 6.68 7.64 8.61 10.2 12.2 13.7
(2.19-3.39) || (2.72-4.23) || (3.58-5.61) || (4.28-6.78) | (5.12-8.86) |[ (5.76-10.4) || (6.35-12.4) || (6.94-14.7) || (8.00-18.3) || (8.81-21.1)
2.da 3.08 3.91 5.26 6.38 7.92 9.11 10.3 12.4 15.1 17.2
y (2.47-3.78) || (3.13-4.80) || (4.20-6.49) || (5.07-7.93) || (6.13-10.5) || (6.94-12.5) || (7.69-14.9) || (8.48-17.8) [[ (9.96-22.6) || (11.1-26.3)
3.da 3.34 4.26 5.75 6.98 8.69 10.0 11.3 13.7 16.8 19.1
y (2.69-4.09) || (3.43-5.21) || (4.61-7.07) || (5.57-8.65) || (6.75-11.5) || (7.64-13.6) || (8.48-16.3)|| (9.37-19.6) || (11.0-25.0) || (12.3-29.1)
4-da 3.59 4.56 6.15 7.47 9.28 10.7 121 14.6 17.9 20.3
Yy (2.90-4.38) || (3.68-5.57) || (4.94-7.54) || (5.97-9.22) || (7.22-12.2) || (8.18-14.5) || (9.07-17.4)|| (10.0-20.9) || (11.8-26.6) || (13.1-30.9)
7-da 4.28 5.37 7.14 8.61 10.6 12.2 13.8 16.4 19.9 22.6
y (3.48-5.20) || (4.35-6.52) || (5.77-8.71) || (6.91-10.6) || (8.30-13.9) || (9.35-16.4) || (10.3-19.6) || (11.3-23.4) || (13.2-29.5) || (14.6-34.2)
10-da 4.98 6.12 7.99 9.54 11.7 13.3 15.0 17.6 21.2 239
y (4.06-6.02) || (4.98-7.42) || (6.47-9.72) |[ (7.68-11.7) |[(9.12-15.2) |[ (10.2-17.8) || (11.2-21.1) || (12.2-25.0) || (14.1-31.3) |[ (15.5-36.0)
20-da 717 8.38 10.3 12.0 14.2 16.0 17.7 20.2 234 25.8
y (5.88-8.62) || (6.86-10.1) || (8.44-12.5) || (9.71-14.6) || (11.2-18.2) || (12.2-21.0) || (13.2-24.4) || (14.0-28.4) || (15.6-34.3) || (16.8-38.8)
30-da 9.01 10.2 12.3 13.9 16.2 18.0 19.8 22.0 249 271
y (7.41-10.8) || (8.41-12.3) || (10.0-14.8) || (11.3-16.9) || (12.7-20.6) || (13.8-23.5) || (14.6-26.9) || (15.4-30.8) || (16.7-36.4) || (17.7-40.6)
45-da 11.3 12.5 14.6 16.3 18.7 20.6 22.4 24.3 26.9 28.8
y (9.31-13.4) || (10.3-15.0) || (12.0-17.5) || (13.3-19.7) || (14.7-23.6) || (15.7-26.5) || (16.5-30.0) || (17.1-33.9) [{ (18.1-39.1) || (18.8-43.0)
60-da 13.2 14.5 16.6 18.4 20.8 22,7 24.6 26.4 28.7 304
y (10.9-15.6) || (12.0-17.2) || (13.7-19.9) || (15.0-22.1) || (16.4-26.1) || (17.4-29.2) || (18.1-32.7) || (18.6-36.6) || (19.3-41.5) || (19.9-45.3)
" Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Back to Top

PF graphical
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The complete line of RollMax™ products
offers a variety of options for both
short-term and permanent erosion

control needs. Reference the RollMax
Products Chart below to find the
right solution for your next project.

RollMax Product Selection Chart

TEMPORARY

ERONET BIONET

DS75 DS150 S75 S150 SC150 C125 S75BN
Longevit 45 days 60 days 12 mo. 12 mo. 24 mo. 36 mo. 12 mo.
gevity
Applications Low Flow Channels E’Ihl;dner::r: B Low Flow Channels Eﬂhoadnenr:Itse gow E/lheadrll;l]g;low High-Flow Channels Low Flow Channels
4:1-3:1Slopes 31-241Slopes 4:1-3:1Slopes 31-21Slopes 21111 Slopes 1:1and Creater Slopes ~ 4:1-3:1Slopes
Design
Permissible Unvegetated Unvegetated Unvegetated Unvegetated Unvegetated Unvegetated Unvegetated
1.55 (74) 1.75(84) 1.55 (74) 1.75(84) 2.00(96) 2.25(108) 1.60(76)
Shear Stress
Ibs/ft2 (Pa)
Design
Permissible Unvegetated Unvegetated Unvegetated Unvegetated Unvegetated Unvegetated Unvegetated
Velocity 5.00(1.52) 6.00(1.52) 5.00(1.2) 6.00(1.83) 8.00(2.44) 10.00 (3.05) 5.00(1.52)
ft/s (m/s)
gggg;izt ;ﬁ:m:é;t Lightweight Lightweight Heavyweight Heavyweight Leno woven. 100%
hotodeeradable hotodeeradable photodegradable photodegradable UV-stabilized UV-stabilized biodegradable
Too N Eolyprup%/lene Eolyprops/lene polypropylene polypropylene polypropylene polypropylene jute fiber
op Net
1.501bs/1000 ft? 1.501bs/1000 ft? 2.91bs/1000 ft? 2.91bs/1000 ft? 9.30 Ibs/1000 ft?
2 2
16533'?;/;100000;5) zbsgﬁsg/;%ooon:tz) (0.73 kg/100 m?) (0.73kg/100 m?) (1.47 kg/100 m?) (1.47 kg/100 m?) (4.53 kg/100 m?)
ap.proxwt ap.prox o approx wt approx wt approx wt approx wt approx wt
Center Net N/A N/A N/A N/A N/A N/A N/A
Straw/coconut matrix
70% Straw
Straw fiber Straw fiber Straw fiber Straw fiber O.ag\bs/ydl Coconut fiber Straw fiber
Fiber Matrix  g5gps/yd? 0.50 Ibs/yd? 0.50 Ibs/yd? 0.50 Ibs/yd? (019 kg/m?) 0.50 Ibs/yd? 0.50 Ibs/yd?
(0.27 kg/m?) (0.27 kg/m?) (0.27 kg/m?) (0.27 kg/m?) 30% Coconut (0.27 kg/m?) (0.27 kg/m?)
0.15 Ibs/yd?
(0.08 kg/m?)
I;cg[:}:\r':‘égt Lightweight Lightweight Heavyweight
e photodegradable photodegradable UV-stabilized
polypropylene polypropylene polypropylene
Bottom Net N/A polypropylene N/A . . - N/A
1.50 1bs/1000 ft 1.50 Ibs/1000 ft 2.91bs/1000 ft:
2
2-[]533!'3‘(5//11%000;5) (0.73 kg/100 m?) (0.73 kg/100 m?) (1.47 kg /100 m?)
ap.proxgvvt approx wt approx wt approx wt
Thread Accelerated Accelerated Degradable Degradable Degradable UV-stabilized Biodegradable

10

degradable

degradable

polypropylene



Longevity

Applications

Design
Permissible
Shear Stress

Ibs/ft2 (Pa)

Design
Permissible
Velocity
ft/s (m/s)

Top Net

Center Net

Fiber Matrix

Bottom Net

Thread

S150BN
12 mo.

Moderate Flow
Channels
3:1-2:1Slopes

Unvegetated
1.85(88)

Unvegetated
6.00(1.83)

Leno woven. 100%
biodegradable
jute fiber

9.301bs/1000 ft?
(4.53 kg/100 m?)
approx wt

N/A

Straw fiber

0.50 Ibs/yd?
(0.27 kg/m?)

Woven. 100%
biodegradable
jute fiber

7.70 1bs/1000 ft?
(3.76 kg/100 m?)
approx wt

Biodegradable

TEMPORARY

SC150BN
18 mo.

Medium Flow
Channels
2:1-1:11 Slopes

Unvegetated
210 (100)

Unvegetated
8.00(2.44)

Leno woven. 100%
biodegradable
jute fiber

9.301bs/1000 ft?
(4.53 kg/100 m?)
approx wt

N/A

Straw/coconut matrix

70% Straw
0.35 Ibs/yd?
(0.19 kg/m?)

30% Coconut
0.15 Ibs/yd?
(0.08 kg/m?)

Woven. 100%
biodegradable
jute fiber

7.70 1bs/1000 ft?
(3.76 kg/100 m?)
approx wt

Biodegradable

C125BN

24 mo.

High-Flow Channels
1:1and Creater Slopes

Unvegetated
2.35(112)

Unvegetated
10.00(3.05)

Leno woven. 100%
biodegradable jute
fiber

9.301bs/1000 ft?
(4.53 kg/100 m?)
approx wt

N/A

Coconut fiber

0.50 Ibs/yd?
(0.27 kg/m?)

Woven. 100%
biodegradable
jute fiber

7.70 Ibs/1000 ft?
(3.76 kg/100 m?)
approx wt

Biodegradable

P300

Permanent

High-Flow Channels
1:1Slopes

Unvegetated
3.0 (144)

Vegetated
8.0(383)

Unvegetated
9.00(2.7)

Vegetated
16.0 (4.9)

Heavyweight
UV-stabilized
polypropylene
5.01bs/1000 ft?
(2.44 kg/100 m?)
approx wt

N/A

UV-stabilized
polypropylene fiber

0.70 Ibs/yd?
(0.38 kg/m?)

Heavyweight
UV-stabilized

polypropylene
3.0 Ibs/1000 ft?
(1.47 kg/100 m?)
approx wt

UV-stabilized
polypropylene

PERMANENT

BIONET ERONET VMAX

SC250

Permanent

High-Flow Channels
1:1and Creater Slopes

Unvegetated
3.0 (144)

Vegetated
10.0 (480)

Unvegetated
9.5(2.9)

Vegetated
15.0 (4.6)

Heavyweight
polypropylene
5.01bs/1000 ft?

(2.44 kg/100 m?)
approx wt

Ultra heavyweight
polypropylene -
corrugated

24.01bs/1000 ft?
(11.7 kg/100 m?)

Straw/coconut matrix

70% Straw
0.35 Ibs/yd?
(0.19 kg/m?)

30% Coconut
0.5 Ibs/yd?
(0.08 kg/m?)

Heavyweight
UV-stabilized

polypropylene
5.0 1bs/1000 ft?
(2.44 kg/100 m?)
approx wt

UV-stabilized
polypropylene

€350

Permanent

High-Flow Channels
1:1and Greater Slopes

Unvegetated
3.2 (153)

Vegetated
12.0 (576)

Unvegetated
10.5(3.2)

Vegetated
20.0(6.0)

Extra heavyweight
polypropylene

8.0 1bs/1000 ft?
(3.91kg/100 m?)
approx wt

Ultra heavyweight
polypropylene -
corrugated

24.0 Ibs/1000 ft?
(11.7 kg/100 m?)

Coconut fiber

0.50 Ibs/yd?
(0.27 kg/m?)

Extra heavyweight
polypropylene
8.01bs/1000 ft*

(3.91kg/100 m?)
approx wt

UV-stabilized
polypropylene fiber

P550
Permanent

Extreme
High-Flow Channels
1:1and Greater Slopes

Unvegetated
4.0(191)

Vegetated
14.0 (672)

Unvegetated
12.5(3.8)

Vegetated
25.0(7.6)

Ultra heavyweight
polypropylene
24.01bs/1000 ft?

(11.7 kg/100 m?)
approx wt

Ultra heavyweight
polypropylene -
corrugated
24.01bs/1000 ft?
(11.7 kg/100 m?)

UV-stabilized
polypropylene fiber

0.50 Ibs/yd?
(0.27 kg/m?)

Ultra heavyweight
polypropylene
24.01bs/1000 ft?

(11.7 kg/100 m?)
approx wt

UV-stabilized

polypropylene
1
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Arcadis U.S., Inc.
160 Chapel Road
Bruce Thompson, de maximis, inc. Mike Gefell, Anchor QEA Suite 201
Jeff Holden, Arcadis Mamhes,ter
Connecticut 06042-1625
Tel 860 645 1084
From: Fax 860 645 1090

To: Copies:

Tracy O’Fallon

Date: Arcadis Project No.:

July 14, 2016 B0054634.0000.02600

Subject:

Evaluation of Groundwater Flow From the Non-Time-Critical Removal
Action No. 1 (NTCRA 1) Area at the Solvents Recovery Service of New
England, Inc. (SRSNE) Superfund Site (Site) -- Southington, Connecticut

1. INTRODUCTION AND PURPOSE

This technical memorandum summarizes numerical groundwater flow modeling performed by Arcadis to
evaluate potential groundwater flow conditions that may occur as a result of planned modifications to the
NTCRA 1 sheetpile wall and pumping system operations at the above-referenced site. The modifications
to the sheetpile wall are proposed in anticipation of potential future modifications to the existing Hydraulic
Containment and Treatment System (HCTS). Such modifications are proposed consistent with SOW
Section IV.B.2, which allows for modifications or enhancements to the HCTS that decrease the costs or
time of system operation provided they are carried out in a protective, compliant, effective, and cost-
effective manner, as determined by USEPA.

The Record of Decision (ROD) selected in-situ thermal treatment as a component of the Site remedy, to
be applied in the area containing non-aqueous phase liquid (NAPL) within the overburden at and near the
former SRSNE Operations Area (i.e., the Overburden NAPL Area). In September 2006, BBL (an Arcadis
Company) developed a groundwater flow model to simulate groundwater flow rates into the conceptual
thermal treatment area during overburden heating to the boiling point of groundwater. Predictive
simulations included various permutations of hydraulic barriers, upgradient extraction wells, and a
hypothetical high permeability zone within bedrock. The specific purpose of the modeling was to estimate
the rates of groundwater flow into the thermal treatment area, including the simulated locations and
magnitudes of highest flow from the adjacent overburden and the underlying bedrock. The simulation
results were summarized in a memorandum dated September 11, 2006 (BBL 2006).

SRSNE_DRAFT Memo_NTCRA1 Modifications Modeling_0891612248_071416.docx Page:
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The baseline, calibrated model was updated again in 2011 to simulate the final thermal treatment area
design. Results of the model updates and predictive simulation results were presented in a technical
memorandum dated January 31, 2012 (Arcadis 2012).

The 2011 updated model was modified and used to evaluate groundwater flow conditions that may result
from sheetpile wall modifications to allow overburden groundwater to migrate downgradient from the
NTCRA 1. Various simulations were performed to evaluate the areas and magnitude of potential
groundwater mounding after NTCRA 1 groundwater extraction is discontinued. It is important to note that
overburden groundwater historically has been very shallow in the NTCRA 1 area. Even before the
installation of the NTCRA 1 sheetpile wall in 1995, groundwater was observed seasonally in surface
depressions within the NTCRA 1 Containment Area, and wetlands were delineated adjacent to the area.
Groundwater has also been observed seasonally in such depressions since NTCRA 1 startup in 1995.
The proposed NTCRA 1 modifications are intended to limit the potential for future mounding of
groundwater to the post-construction ground surface by promoting effective drainage of groundwater and
adding new fill materials at ground surface in appropriate areas.

The proposed NTCRA 1 modifications include openings in the sheetpile wall at select locations and
shallow gravel-filled trenches inside and outside the sheetpile wall to effectively collect overburden
groundwater, convey it through the designed openings in the sheetpile wall, and distribute the flow to the
downgradient saturated overburden formation. The model evaluation included the use of forward particle
tracking from each of the simulated openings in the NTCRA 1 sheetpile wall to depict groundwater flow
directions, predict the potential ultimate discharge locations for that groundwater, and estimate the
groundwater travel time between the NCTRA 1 sheetpile wall and the predicted groundwater discharge
locations.

The following sections briefly describe the model structure, the most recent calibration scatter plot and
residual statistics, and the development of and results for the recent predictive simulations of groundwater
flow due to the NTCRA 1 sheetpile modifications.

2. MODEL DESCRIPTION

The original 2006 thermal treatment model was constructed using detailed onsite and offsite
hydrogeologic data from numerous previous investigations (BBL 2006). Figure 1 presents the model
domain and model boundary conditions; the domain includes an area of approximately 0.36 square miles,
with dimensions of 4,000 feet in the north-south direction and 2,500 feet in the east-west direction.

The model was developed using MODFLOW-SURFACT (HydroGeoLogic, Inc. 1996) to simulate
groundwater flow, and MODPATH (Pollock 1994) to simulate groundwater flow paths within the simulated
flow field. The original model included six layers representing three hydrogeologic units. To assist in
evaluating groundwater elevation changes as part of the NTCRA 1 modifications, an additional five-foot
thick model layer was added to the upper surface of the model to simulate and evaluate the locations and
magnitude of groundwater mounding that may occur due to system shut down, and identify areas where
additional fill materials may be needed at ground surface to avoid potentially groundwater “daylighting” at
ground surface.

The current model layers represent the following stratigraphic units:

* Layer 1 — Fill within the NTCRA 1 area; Fill and Outwash outside the general vicinity of the NTCRA 1
area
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¢ Layers 2 and 3 - Fill and Outwash

* Layer 4 — Glacial Till, with the exception of “till windows” where till is absent (i.e., not observed in boring
logs); in this case, the Layer 4 thickness is reduced to 0.5 feet and its hydraulic properties are
representative of the underlying bedrock unit

* Layer 5 — Upper Bedrock (upper 5 feet of bedrock)
* Layer 6 — Intermediate Bedrock (5 to 20 feet below the top of bedrock)

* Layer 7 — Deeper Bedrock (25 to 100 feet below the top of bedrock)

Preliminary field construction activities in 2010 and 2011 (which included excavations and dewatering via
pumping) identified a previously unknown medium-to-coarse sand unit of high permeability within the
glacial outwash unit along the railroad right-of-way. Previous conceptual and numerical models of the Site
inferred that the railroad ballast could serve as a high permeability zone near ground surface. The new
information indicated high-permeability sand extending at least several feet below ground surface, and
laterally beyond the limits of the railroad right-of-way. Subsequent investigation of this unit by additional
soil borings and reassessment of historical drilling logs suggested that the unit also extends into a portion
of the former Operations Area. Therefore, the 2006 calibrated model was modified to incorporate this unit
(Figure 2). For additional details regarding the delineation of the high permeability sand unit, see Arcadis
2012.

During the 2011 model updates and predictive simulations of thermal treatment, the following additional
modifications were made to the model:

* It was determined that localized areas of the bedrock surface required adjustment in the vicinity of the
overburden NAPL area. Therefore, portions of the bedrock surface from the regional NTCRA 2 model
(Arcadis 2011) were imported into the thermal treatment model.

* Sheetpile “wing walls” extending westward into the former Operations Area from the north and south
ends of the existing NTCRA 1 sheetpile wall were installed at the site and simulated in the model (see
Figure 1).

¢ Slight modifications to the aerial recharge rates were made as follows:

0 The area over the thermal treatment zone was assigned a value of zero to account for the surface
cover (cap) emplaced over this area.

0 The areas where till is inferred to be at or near ground surface had previously been assigned a
relatively lower rate than the surrounding valley fill area; during the 2011 updates, these distinct
areas were removed and assigned either valley fill or the lower highlands values as appropriate.

Figure 3 presents the distribution of a hypothetical fill layer added above the existing overburden. The
distribution of the fill layer was extended outside the boundaries of the NTCRA 1 area to evaluate the full
extent of the area where fill may be required. The fill material hydraulic conductivity was assigned a value
of 2 ft/d which is representative for the shallow overburden materials in the NTCRA 1 area.

All other structural features and boundary conditions in the current model are as described in the 2006
BBL model memorandum.
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3. MODEL RESIDUALS AND CALIBRATION STATISTICS

The 2006 model was originally calibrated to average hydraulic head data measured at 200 monitoring well
and piezometer locations between January 21, 1997, and August 17, 1998. As described in Arcadis 2012,
simulated groundwater elevations at the 200 monitoring well/piezometer locations in the 2011 model were
compared to the calibration targets previously used to calibrate the 2006 model. Tables 1 and 2 present
the 2011 simulated residuals (observed groundwater elevation minus simulated groundwater elevation) for
the entire model domain and the overburden NAPL area, respectively. Figures 4 and 5 present scatter
plots (observed groundwater elevation versus simulated groundwater elevation) for the entire model
domain and the overburden NAPL area, respectively (also for the 2011 model). Figure 4 also presents the
original, 2006 calibrated model targets for comparison.

The residual statistics for the 2011 model simulation indicate that the simulated groundwater elevations
are still similar to the observed groundwater elevations, and the calculated statistics are within acceptable
ranges. As shown in Figure 4, the residuals are reasonably close to the diagonal, “ideal match” line. As
indicated in the tables, the ratios of the standard deviations to the range in residuals for both the entire
domain and the specific overburden NAPL area wells are 0.02 and 0.10, respectively, indicating a good
agreement between the simulated and observed values. Figure 5 shows that the simulated heads in the
overburden NAPL area in the revised model are slightly lower than those in the original calibrated model
(1.1 feet lower, on average, for overburden calibration targets in the thermal treatment area). The
hydraulic gradient across the overburden NAPL area, however, is still consistent with the observed
gradient and the simulated gradient in the original calibrated model. That is, the slope defined by the data
plotted as circles (2012 model update) is similar to that defined by the data plotted as diamonds (2006
calibrated model; Figure 5). Therefore, the updated model was considered acceptable for performing
additional simulations of potential groundwater flow conditions during thermal treatment as well as for
performing an evaluation of NTCRA 1 shut down.

4. PREDICTIVE SIMULATIONS

As described above, predictive simulations were performed to design passive groundwater drainage
features to mitigate water-table mounding upgradient of the sheetpile wall following the potential future
cessation of NTCRA 1 system groundwater extraction. The model was used to support the design of
sheetpile wall openings (number and locations), the locations and extent of gravel collection trenches to
collect groundwater upgradient of the sheetpile wall and distribute it to the native overburden materials
downgradient of the sheetpile wall, and the thickness and extent of fill materials above the existing ground
surface to minimize the potential for groundwater reaching the ground surface following NTCRA 1 system
shutdown.

Multiple simulations were performed to compare various alternatives and develop the proposed NTCRA 1
modifications. Predictive simulations used an initial head condition representing the groundwater flow field
with the NTCRA 1 system pumping at a steady-state rate of 10 gpm. The predictive simulations were run
in transient mode with the NTCRA 1 wells no longer pumping (but with the NTCRA 2 wells pumping at 30
gpm in the Town of Southington Well Field property). The predictive simulations included removal of
specific sections of the sheetpile wall to simulate openings in the sheetpile wall to limit the degree of
groundwater mounding, and various designs of shallow (4-foot deep) interior and exterior gravel trenches
(specified as high hydraulic conductivity model grid cells [10,000 ft/d]) to collect groundwater from the
interior of the NTCRA 1 area and distribute the groundwater to the native overburden materials
downgradient of the sheetpile wall.

arcadis.com
SRSNE_DRAFT Memo_NTCRA1 Modifications Modeling_0891612248_071416.docx

Page:
4/6



MEMO

Each simulation included forward particle tacking from each of the simulated openings in the NTCRA 1
sheetpile wall to depict the flow directions and ultimate discharge locations of groundwater that may
migrate through the openings. In addition, particle tracking was used to estimate the groundwater travel
time between the NCTRA 1 sheetpile wall and the predicted discharge locations.

5. RESULTS OF PREDICTIVE SIMULATIONS

The design for NTCRA 1 modifications is presented on Figure 6, and includes three openings in the south-
southeastern portion of the sheetpile wall. It is anticipated that one opening near well RW-1 and another
near RW-8 will operate under normal conditions. An third opening will also be included further to the east
to provide redundancy and operating flexibility, although this opening was not included in the model
simulations. The design also includes 4-foot deep, gravel-filled trenches to convey groundwater as follows:

* Along most of the interior side of the sheetpile wall,
* Along the exterior of the sheetpile wall from the south near well RW-7, and

* Four 60-foot long, linear trenches near the location of the sheetpile openings, extending toward the
south.

Figure 7 presents the simulated saturated thickness of fill above existing grade (i.e., in model layer 1). The
greatest degree of saturated fill is located in the southern (downgradient) portion of the NTCRA 1 area,
and within the general vicinity of well RW-9 (up to approximately 2.5 feet); note that this area is located
within a natural topographic low and has historically had water levels observed above grade at various
times throughout the year.

Figure 8 presents the simulated groundwater elevations within the native overburden material (model layer
2) and includes simulated groundwater flow paths from the MODPATH forward particle tracking analysis.
Particles were released within the simulated flow field along the sheetpile openings at four depths within
this layer of native overburden (model layer 2) and tracked forward in time. The figure includes arrows
depicting one year of simulated groundwater travel time. Travel times for these flow paths (read directly
from the MODPATH endpoint output file) range from 1.4 years to 10.2 years.

The proposed design is predicted to effectively collect groundwater within the NTCRA 1 area, convey it
through designed openings in the sheetpile wall, and discharge the groundwater to the downgradient
saturated overburden. The groundwater that migrates through the western and central openings in the
sheetpile wall migrates downgradient, where it is ultimately captured by the NTCRA 2 groundwater
extraction wells that are expected to continue operating for the foreseeable future. The design for the
NTCRA 1 area modifications also includes addition of sufficient fill materials above existing ground surface
to reduce or avoid occurrences of groundwater emerging at ground surface, which have historically
occurred within the NTCRA 1 area.
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square foot. This is substantially less than the loading associated
with a person walking on the cap, and far below the bearing capacity
of the materials.”

Based on USEPA’s recommendation from the September 21, 2016 conference
call, geogrid will be incorporated into the design to underlie the gravel access
road leading up the cap and adjacent to the solar array area.

EPA comments on Draft RCRA Cap 100% Remedial Design of August 18, 2016

| looked through the habitat restoration plans for SRSNE, and checked the plant list out
with respect to a USDA document that lists pollinator friendly plants. Most of the plants
listed in the SRSNE document appear to be high value plants and suitable to the type of
habitat in which they will be planted. Everything looks reasonable to me in the SRSNE
plan. In particular, | was pleased to see that they specified requirements for survival
rates of various plantings.

One threat to the survival of plantings such as trees and shrubs is grazing by deer. |
would recommend that a plan be in place to protect plantings from grazing by deer.
Usually this is achieved through fencing off the area, or by putting deer exclusion
fencing around the individual plantings. There are chemical repellents that can be
applied to the plants, however | don’t think that they are all that effective on a landscape
scale since they often need to be re-applied from time to time.

Other than the suggestion about deer browsing management, | have no comments.

Response: Much of the restoration area is already surrounded by fencing. We
will evaluate further measures to protect plantings from deer grazing.
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