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Doerfler, Elizabeth
Text Box
Figure 1: Revised version included in Addendum #4

Figure 2: Revised version included in Addendum #2

Figure 3: This cross section is not applicable to 2021 work and may be revised based on future discussions with Regulators.

Figure 4: This cross section is not applicable to 2021 work and may be revised based on future discussions with Regulators.

Figure 5: Revised version for Remediation Area 16 only included in Addendum #2. 

Figure 6: This cross section is not applicable to 2021 work and may be revised based on future discussions with Regulators.

Figure 7: This cross section is not applicable to 2021 work and may be revised based on future discussions with Regulators.

Figure 8: Revised version for area north of Field 4 only included in Addendum #3. 
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To:
Kimberly Tisa
PCB Coordinator – Region 1
United States Environmental Protection Agency
1 Congress Street, Suite 1100
Boston, MA 02114-2023

AECOM
500 Enterprise Drive
Rocky Hill, CT 06067
aecom.com

Project name:
Greenwich High School

Project ref:
60432365

From:
AECOM

Date:
April 26, 2021

Phase II RAP Cost-Benefit Analysis of Suggested 
Changes

On behalf of the Town of Greenwich, AECOM has prepared a focused evaluation of alternatives to address 
potential changes suggested by the Connecticut Department of Energy and Environmental Protection (DEEP) 
and United States Environmental Protection Agency (EPA) subsequent to an April 7, 2021 meeting, wherein 
AECOM and Agencies discussed the Phase II Remedial Action Plan (RAP) for Greenwich High School. The 
potential changes to the remedial design detailed in the Phase II RAP suggested by the Agencies related to 
whether the design could be modified to use a 2-foot clean material layer, rather than a 1.5-foot clean material 
layer along with the impermeable, welded linear low-density polyethylene (LLDPE) liner, high-density 
polyethylene (HDPE) geocomposite drains, and dense-graded aggregate (DGA) which comprise the proposed 
Engineered Control (EC) beneath the  artificial turf fields. The Agencies specific suggestions and a cost-benefit 
evaluation of each are presented below. 

Potential Changes to Design
Suggested Change 1: Remove an additional 6 inches of soil containing PCBs greater than 1 ppm within 
the top 2 feet to achieve a minimum of 2-feet of clean material overlying the remaining polluted soil.

There are two ways to effect this change, which maintains the proposed final surface grades. Either additional 
soil can be removed from below the liner without changing the liner’s surface elevation (Suggested Change 1a), 
or an additional 6 inches of soil can be removed to allow for the liner to be relocated 6 inches deeper (Suggested 
Change 1b). The costs and benefits of these two options are detailed below. 

Suggested Change 1a:  Removal of additional soil from below the liner would entail additional excavation from 
areas below Field 3, Field 4, and the spectator area where excavation to 1.5 feet below proposed final grade  
surface is specified in the RAP. While this would not change the design of the EC or the fields, it would share 
many of the same impacts to cost and schedule as the Change 1b option. 

Impacts to Cost and Schedule:

· Additional days to excavate impacted material.

· Additional disposal of PCB remediation waste.

· Loss of capacity beneath the impermeable liner to reuse and cap-in-place polluted soil.

· Additional import of clean fill/stone material below the liner.

· Additional days for backfilling.
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· Additional days working with contaminated soil below Field 3 will extend Phase 2 beyond one summer
season, which will result in loss of a field for over a calendar year and require the management of an open
excavation throughout the school year.

Suggested Change 1b: Removal of additional soil from above the liner and lowering the liner to a depth of 2
feet below final surface grade would entail redesign of the impermeable liner system, stormwater features,
groundwater collection system, and additional excavation from areas below Field 3, Field 4, and the spectator
area where excavation to 1.5 feet is specified in the RAP.

Impacts to Cost and Schedule:

· Redesign of impermeable barrier Engineered Control and associated stormwater collection system and
groundwater collection system.

· Project will be delayed one year, due to need for redesign.

· Additional days to excavate impacted material.

· Additional disposal of PCB remediation waste.

· Loss of capacity beneath the impermeable liner to cap-in-place polluted soil.

· Additional import of clean fill/stone material above the liner.

· Additional days for backfilling.

· Additional days working with contaminated soil below Field 3 will extend Phase 2 beyond one summer
season, which will result in loss of a field for over a calendar year and require the management of an open
excavation throughout the school year.

The lower liner elevation will result in collection of more groundwater in the HDPE geocomposite placed below
the liner to alleviate static pressure and potentially risk the integrity of the liner due to pressure caused by
groundwater. Based on continuous groundwater gauging data collected in the last three years, groundwater
elevation at MW-Y9 (located at the southwest corner of Field 3) exceeded the lowered liner elevation for multiple
days at a time. While installation of the impermeable liner is expected to reduce infiltration, thereby decreasing
the episodic response to rainfall, the lower elevation of the impermeable barrier will likely necessitate more
frequent pump outs of the groundwater collection cisterns and offsite disposal of impacted groundwater. Further
evaluation would be required to determine the technical feasibility of lowering the liner.

Suggested Change 2: Add an additional 6 inches of clean soil above the impermeable liner and below
the artificial turf fields, raising the proposed final grade of the fields 6 inches, to achieve a minimum of 2-
feet of clean material overlying the liner and remaining polluted soil.

Impacts to Cost and Schedule

· Redesign of impermeable barrier Engineered Control, redesign Field 3 and Field 4 perimeter grading tie-ins,
redesign of ADA compliant access ramp, adjacent spectator area, and block retaining wall.

· Redesign of stormwater conveyance and detention system and updating of the Stormwater Management
Site Plan due to changes in the post-construction grades at the site.

· Reevaluation of hydraulic modelling completed for the project for the West Brothers Brook Watershed.

· Update and resubmit Inland Wetlands and Watercourses permitting due to changes in the post-construction
grades at the site in the wetland buffer area.

· Project will be delayed one year, due to need for redesign.

· Additional import of clean fill/stone material above the liner.

· Additional days for backfilling.
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Additional Alternatives to Increase Clean Soil
The Agencies requested an assessment of potential alternatives for increasing the thickness of the EC from 1.5
to 2 feet.  Additional potential alternatives to place a 2-foot clean material layer above remaining polluted soil
would involve a combination of Suggested Changes 1 and 2. Any change to the design elevation of the
impermeable liner or change in grade would necessitate a redesign of the liner system and stormwater
management system and an associated one-year delay to the project. Suggested Change 1a is the only
alternative to designing a 2-foot-thick cap that would not involve such a delay.

Evaluation of Benefits of the Suggested Changes
The impermeable liner EC proposed in the RAP is located beneath the artificial turf field components which
include 1-inch turf fibers, an infill layer, a 1-inch thick shock pad, and 6 inches of dynamic stone base. The top of
the EC is demarcated by a high visibility geotextile followed by 12 inches of DGA or vegetative fill, an HDPE
geocomposite, an LLDPE membrane liner, and a second HDPE geocomposite. The total thickness of this
proposed cap, excluding the turf fiber and shock pad, is 18 inches.

· Increasing the thickness of soil incorporated into the EC by six inches will not reduce incremental risk or
affect potential for exposure due to the EC.

· All soil beneath the fields will be rendered inaccessible and environmentally isolated by the EC and an
Environmental Land Use Restriction. This will not change as a result of a thicker clean soil component of
the EC.

While a 2-foot thick barrier can be more protective than a thinner barrier in some instances, the nature of the
proposed cap for Fields 3 and 4 at the site is such that the additional thickness does not provide any additional
protectiveness. The proposed cap includes 6 separate manufactured layers (i.e., turf, padding, flat drain, marker
fabric, geocomposite drain (above liner), geomembrane liner, and geocomposite drain (below liner)), in addition
to clean fill that act both as barrier and deterrent to disturbance of the underlying impacted material. With these
manufactured components emplaced, which are unlikely to be disturbed, and an ELUR recorded to prevent
disturbance of the bottom four artificial layers and the majority of the clean fill, the EC will be fully protective
without an additional 6 inches of clean fill incorporated into it.

Table 1 presented below summarizes the costs for each of the Suggested Changes. A detailed cost estimate is
provided as Table 2.

Additional Cost Item
Suggested Change 1a
Remove Additional 6
Inches Below Liner

Suggested Change 1b
Remove Additional 6
Inches Above Liner

Suggested Change 2
Raise Grade by Placing
6 Additional Inches of

Clean Fill

Soil Excavation $54,000 $54,000 $0

Fill Placement &
Impermeable Liner Install

$127,000 $155,000 $251,000

Post-Remediation
Groundwater Treatment

$0 $1,000,000 $0

Air Monitoring $11,000 $11,000 $6,000

Waste Transportation
and Disposal

$935,000 $935,000 $0
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Additional Cost Item
Suggested Change 1a
Remove Additional 6
Inches Below Liner

Suggested Change 1b
Remove Additional 6
Inches Above Liner

Suggested Change 2
Raise Grade by Placing
6 Additional Inches of

Clean Fill

Remedial Design,
Construction
Management, Reporting

$69,000 $169,000 $302,000

Subtotal $1,196,000 $2,325,000 $560,000

Total (including 20%
contingency)

$1,435,000 $2,800,000 $670,000

Time constraints associated with the earthwork of contaminated materials during the summer break limit the
amount of excavating and backfilling that can be performed in one mobilization. Therefore, additional digging
and backfilling, particularly in Phase 2, may require work be completed in another mobilization, leaving a field
unfinished for a year and requiring fencing and other interim measures to manage the open excavation during
the school year until field construction can be performed. Please let us know if you have any questions or
comments on the information provided.

Kind regards,

Patrick Haskell, LEP, CHMM
Technical Lead

Michael Doherty, Vice President

cc:  Amy Siebert, Greenwich Department of Public Works
Jeff Wilcox, CT DEEP
Gary Trombly, CT DEEP
Amber Trahan, CT DEEP
Jane Warren, McCarter & English

Attachments:

Table 2 – Detailed Cost Estimate



Table 2
Cost-Benefit Analysis

Agency Suggested Changes
Phase II RAP

April 2021

Greenwich High School
10 Hillside Road

Greenwich, CT

Additional Quantities for Change 1a: Additional Quantities for Change 1b: Additional Quantities for Change 2:

Number of Excavation Days 8 days 8 days 0 days

Number of Backfill Days 5 days 5 days 7 days

Soil Dry Volume 2200 CY 2200 CY 0 CY

Volume of Soil Excavated 2200 CY 2200 CY 0 CY

Tons of Soil Excavated 3740 tons 3740 tons 0 tons

Description Unit Unit Rate Change 1b
Additional Quantity

Change 1b
Additional Cost

Change 1a
Additional Quantity

Change 1a
Additional Cost

Change 2
Additional Quantity

Change 2
Additional Cost

Site Clearing and Grubbing $0 $0 $0
Excavation Shoring $0 $0 $0
Stockpile, Laydown Area, Decon Construction $0 $0 $0
Construction Dewatering $0 $0 $0
Soil/Sediment Excavation $54,020 $54,020 $0
Backhoe Day $950 8 $7,600 8 $7,600 0 $0
Excavator (2 excavators) Day $8 8 $11,040 8 $11,040 0 $0
Loader Day $8 8 $9,680 8 $9,680 0 $0
Skid Steer Day $4 8 $1,900 8 $1,900 0 $0
Laborer (3 laborers) Day $1,665 8 $13,320 8 $13,320 0 $0
Operator (2 operators) Day $1,310 8 $10,480 8 $10,480 0 $0
Drying of Saturated Soils Ton $22 0 $0 0 $0 0 $0
Sampling $0 $0 $0
Fill Placement / Impermeable Barrier Install $126,740 $155,137 $251,111
Compactor Day $4 5 $1,950 5 $1,950 7 $2,889
Excavator Day $4 5 $3,450 5 $3,450 7 $5,111
Loader Day $4 5 $3,025 5 $3,025 7 $4,481
Bulldozer Day $4 5 $3,200 5 $3,200 7 $4,741
Operator Day $1,310 5 $6,550 5 $6,550 7 $9,704
Laborer Day $1,665 5 $8,325 5 $8,325 7 $12,333
Backfill Analytical Test Samples Each $600 5 $3,000 5 $3,000 7 $4,444
Geocomposite Install (includes material) SY $0 0 $0 0 $0 0 $0
LLDPE Membrane Install (includes material) SY $0 0 $0 0 $0 0 $0
Demarcation Layer SY $1.3 0 $0 0 $0 0 $0
Membrane Boot Each $500.0 0 $0 0 $0 0 $0
Piping System (Gas) LS $50,000.0 0 $0 0 $0 0 $0
Common Fill (includes install) Ton $26 3740 $97,240 -3145 -$81,770 0 $0
Vegetative Fill (includes install) CY $37 0 $0 0 $0 0 $0
DGA (includes install) CY $56 0 $0 3704 $207,407 3704 $207,407
Post Remediation Groundwater Treatment $0 $1,000,000 $0
Groundwater Collection System O&M (10 years) Year $100,000 0 $0 10 $1,000,000 0 $0
Air Monitoring $11,000 $11,000 $6,221
Mob/Demob Each $1,100 0 $0 0 $0 0 $0
Equipment Month $2,800 0.5 $1,400 0.5 $1,400 0.3 $840
Air Technician Day $475 13 $8,320 13 $8,320 7 $4,741
Analytical Samples LS $500 0 $0 0 $0 0 $0
Office Support Week $475 2 $1,280 2 $1,280 1 $640
Site Restoration $0 $0 $0
Waste Transportation and Disposal $935,000 $935,000 $0
PCB Disposal > 50 Ton $250 3740 $935,000 3740 $935,000 0 $0
Turf Field Installation $0 $0 $0
EC Maintenance and Monitoring $0 $0 $0
Program Management $69,000 $169,000 $302,222

Remedial Design, Construction Management, Reporting LS Varies $69,000 $169,000 $302,222

$1,195,760 $2,324,157 $559,554

$239,152 $464,831 $111,911

Total Additional Cost
for Change 1b $1,434,912 Total Additional Cost

for Change 1a $2,788,989 Total Additional Cost
for Change 2 $671,465

Subtotal

Contingency (20%)

Total

\\usrkh2fp001\data\EVERYONE\60432356 Greenwich High School Remediation\400-Technical\411 RAP Design\Cost Estimates\RAP Cost Estimates 4-20-21.xlsx Page 1 of 1
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Ms. Kimberly Tisa 
PCB Coordinator – Region 1 
United States Environmental Protection Agency 
1 Congress Street, Suite 1100 
Boston, MA 02114-2023 
 

  AECOM 
500 Enterprise Drive 
Rocky Hill, CT 06067 
aecom.com 
 

 
April 26, 2021 
   
 

  
 

 
Contingency Groundwater Remedy Design 
Greenwich High School 
10 Hillside Rd 
Greenwich, Connecticut  

 
Dear Ms. Tisa,  

 
On behalf of the Town of Greenwich (Town), AECOM is providing this summary of the groundwater 
contingency remedy design for your use in reviewing the January 15, 2021 Phase II Remedial Action Plan 
(RAP) for the Greenwich High School site. Based on verbal comments received from the United States 
Environmental Protection Agency (EPA) and Connecticut Department of Energy and Environmental 
Protection (DEEP), AECOM developed a design for a contingency groundwater containment system, 
elements of which will be installed in conjunction with soil excavation and Engineered Control construction 
activities. The conceptual basis for that design, a groundwater model used to develop the details of the 
design, and the elements of the design to be constructed as part of activities performed under the Phase II 

RAP are described herein. 

Background 

Soon after the Phase II RAP was submitted, DEEP indicated that although constituents associated with 
the soil to be capped under the proposed Engineered Control (EC) were not present in groundwater at 
concentrations exceeding Surface Water Protection Criteria (SWPC) near downgradient receptors, the 
installation of the underground components of a groundwater containment system in conjunction with soil 
remediation and EC construction would make it easier to approve the EC. Such a system would provide a 
means to address potential slow migration of dissolved constituents, should that be observed subsequent 
to the construction of the EC. In response to that request, AECOM developed a design for such a system 
based on hydrogeologic and groundwater chemistry data for the site. This system focuses on containing 
groundwater in the shallow aquifer, where constituent concentrations are highest and theoretically have 
the potential to migrate to surface water. During recent meetings between AECOM and the Agencies, 
where the design for the contingency groundwater containment system was discussed, CT DEEP 
expressed concern that deep groundwater could migrate off-site through bedrock independent of the 
shallow aquifer. This report therefore includes a broader discussion of groundwater flow behavior at the 

site, as well as presenting the conceptual design for the contingency groundwater remedy.  

Site Hydrogeology 

The site is located at 10 Hillside Road in Greenwich, Connecticut (see Figure 1). West Brothers Brook 
runs through the site, entering at the northwest corner of Field #4 (see Figure 2), being routed through a 
concrete channel around Fields #4, #3 and #2, before returning to its natural channel, flowing into Cider 
Mill Pond, south of the school buildings. Cider Mill Pond is formed by the impoundment of West Brothers 
Brook behind a man-made boulder dam, over which surface water falls approximately 15 feet and flows 
through three reinforced concrete pipes that convey surface water off-site beneath East Putnam Avenue, 
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where West Brothers Brook discharges to Greenwich Creek. West Brothers Brook and Greenwich Creek 
form a sub-regional drainage basin that drains directly to Long Island Sound, and which is located 
immediately west of the Mianus River regional drainage basin and east of the Horseneck Brook sub-
regional drainage basin. The extent of the Greenwich Creek drainage basin and the site location are 

depicted in Figure 3.  

The site is located in the lower part of the Greenwich Creek drainage basin, where it narrows just 
upstream of the confluence of West Brothers Brook and Greenwich Creek. In this area, the drainage basin 
is bounded by bedrock highlands along Brookridge Drive, located one block east of the site, and Maple 
Avenue, located three blocks west of the site. Drainage patterns in this narrow part of the drainage basin 
are directly toward Greenwich Creek from the uplands to the east and west, as the land slopes steeply 

down to West Brothers Brook and Greenwich Creek.  

The nature of the site hydrogeology is such that groundwater flows similar patterns. Site-wide 
groundwater elevations have consistently remained higher than surface water elevations since water level 
measurements began at the site in 2011, indicating the groundwater elevation gradient is oriented towards 
West Brothers Brook, rather than along the valley of the drainage basin. This is illustrated by site 
groundwater contour maps, a typical example of which is provided as Figure 4. In bedrock, the potential 
for down-valley flow is even less, as outcrops on valley sides allow for discharge to more permeable 
overburden formation material or to surface water, the transmissivity of which is many orders of magnitude 

more permeable than bedrock.  

At the site, groundwater has been observed in shallow overburden materials that include till, fill , and 
wetland (peat or highly organic) deposits. The thickness of the fill material encountered varies greatly 
across the Site influencing the groundwater levels observed in monitoring wells across the Site. The 
thickest fill material and wetland deposits are observed to be below Fields 3 and 4, in an area of lower 
bedrock elevation, referred to as the bedrock bowl, in which the wetlands that were formerly present at the 
site developed. These wetlands received water and groundwater discharge from the surrounding uplands 
and were drained by West Brothers Brook. Groundwater in the bedrock bowl, like the former wetland, is 

still drained by West Brothers Brook.  

Before the construction of Fields 3 and 4, historic wetland drainage channels flowed southeast and east 
across Fields 3 and 4 (see Figure 7 in Appendix A). These drainage channels originated at the base of 
the bedrock hillside, northwest of Field 4, indicating that groundwater is discharging from the western 
bedrock uplands to surface water at the site. Current shallow groundwater elevation contours indicate 
groundwater flow parallels the historic wetland channels. While steep gradients exist between the shallow 
aquifer and the culverted portions of West Brothers Brooks, indicating resistance to groundwater flow, the 
gradient on the eastern portion of the fields generally follows the southeasterly orientation of the historic 
location of West Brothers Brook that bisects the fields. The former channels represent areas where peat 
deposits are thinner and, thus, were filled with more permeable fill, that likely acts as a drain promoting 

flow to the southeast toward the existing natural channel of West Brothers Brook to the southeast.  

Appendix A presents a series of figures from the Hydrogeologic Investigation Report that illustrate a 
geological cross-section along the direction of groundwater flow from the fields to the south, toward the 
brook. The extent of the silty peat unit is depicted in cross-section. The absence of the silty peat unit 
below the western portion of Field 2 means that the deep aquifer is hydraulically connected to West 
Brothers Brook. Because the silt unit does not extend across the site to the brook, deep overburden 

materials discharge to the brook, rather than flowing through bedrock.  

While groundwater at some sites can migrate along permeable layers in highly fractured rock formations 
with dominant fracture orientations, such as weathered sandstone, in a massive rock formation such as 
the Harrison Gneiss, which underlies the site (Rogers, 1985), groundwater flow through bedrock generally 
occurs through secondary porosity (i.e., fractures), in smaller quantities. Where groundwater can 
discharge to surface bodies that provide virtually no resistance to flow; groundwater flow through bedrock 

occurs only over short distances.   
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Generally, in layered hydrogeologic systems with overburden and bedrock present, the majority of 
groundwater flow occurs in the overburden due to significantly higher hydraulic conductivity [Freeze and 
Cherry, 1979].  The overburden materials present at the site which overly the Harrison Gneiss consist 
primarily of silty sands and have an estimated hydraulic conductivity of approximately 15 feet per day, 
based on site specific-slug testing.  The Harrison gneiss encountered at the site has been noted as 
weathered in the top one or two feet, but competency increases with depth. Literature values estimate the 
range of fractured crystalline rocks to be between 0.0003 and 30 feet per day [AGI, 2016].  The upper end 
of the range includes highly fractured bedrock, which has not been identified in the numerous outcrops at 
the Site. The more likely high-end range of the bedrock hydraulic conductivity based on observation of the 
lithology at the site is several orders of magnitude lower, approximately 0.3 feet per day. Even at this 
conservative estimate of hydraulic conductivity, it is still 50 times lower than that of the overburden 

materials. 

Considering the hydraulic sink formed by West Brothers Brook, with heads below that of the surrounding 
overburden create a preferred flow path to the brook, rather than downward or laterally into the bedrock 
aquifer. Due to the high elevations of bedrock outcrops surrounding the site, which would be recharged by 
precipitation, heads in the bedrock are also likely higher than those in West Brothers Brook. The most 
logical conceptualization of the groundwater interactions between the overburden and bedrock is that 
groundwater recharged in the upland areas of bedrock outcrop discharge to the alluvium, and then 
eventually to West Brothers Brook. Discharge from the bedrock to overburden below Fields 3 and 4 likely 
represents a small fraction of the overall groundwater flow through the overburden, which is primarily 
controlled by recharge from precipitation and discharge to surface water. The deep overburden therefore 
discharges to the brook, and thus, the appropriate monitoring point for potential plume migration from the 

deep aquifer is the overburden adjacent to the brook. 

Groundwater Chemistry 

Site investigation activities have characterized the extent of PCBs and other constituents in groundwater. 
The extent of impacts and comparison of concentrations to applicable criteria were detailed in the Phase II 
RAP. In the deep overburden, PCB concentrations exceed the Surface Water Protection Criterion (SWPC) 
only at well MW-AJ13D, which is located near the center of Fields 3 and 4, approximately 625 feet 
upgradient of the brook. Concentrations of PCBs in the deep overburden nearer the brook, at well 
MW-V16 are two orders of magnitude below the SWPC (AECOM, 2020). Concentrations are also below 
the SWPC at wells MW-Y9D, MW-AA12D, and MW-Y15D, which are located approximately 160 to 450 
feet upgradient of the brook. Based on the limited distribution of deep overburden contamination, and the 
reduction in flux into the deep aquifer from contaminated material in the shallow aquifer, due to expected 
reductions in downward hydraulic gradients, due to the installation of an impermeable cap below the 
fields, migration of groundwater into and through the deep overburden is expected to be further reduced. 

Therefore, groundwater containment in the deep aquifer is not necessary.  

Contingency Groundwater Remedy Conceptual Design 

Based on the above factors, the design of the contingency groundwater remedy for the Fields 3 and 4 
area focuses on the shallow aquifer. The hydraulic design was developed through use of groundwater 
analytical element flow model simulating the shallow aquifer above the silty peat unit present at the site. 
This model was calibrated to current groundwater contours and then used to simulate placement of an 
impermeable cap and pumping of a series of shallow groundwater wells located beyond the limits of the 
impermeable EC to be installed above contaminated soil beneath Fields 3 and 4. Details of that model 
and the hydraulic design of the contingency containment system are provided in the groundwater model 
report provided as Appendix B. Based on the groundwater flow model, the design flow for the 

contingency remedy is 5 gallons per minute.  

Contingency Groundwater Remedy Detailed Design 

Because groundwater impacts associated with soil contamination in the area of the EC are generally 
confined to the area of the soil contamination and groundwater concentrations do not extend to West 
Brothers Brook, which is the nearest potential exposure point, the physical elements of the contingency 
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groundwater remedy design focus on those elements that will be installed beneath the EC. These 
components include groundwater conveyance pumping, electrical conduits and associated pull boxes, and 
storage tanks. The tanks, which are a component of the passive groundwater control system already 
incorporated into the EC design, are located near the southeast corner of Field 3. Should the contingency 
system become necessary, a groundwater treatment system would be installed near these tanks and 
groundwater recovery wells would be installed at the locations determined based on the groundwater 
modeling. The storage tanks are equipped with fittings to make such a conversion simple and space is set 
aside for placement of a treatment system, which would incorporate physical and granular activated 
carbon filtration. Future recovery well locations will be monumented in the field during construction of the 

EC.  

The locations of the physical components of the contingency groundwater recovery system are depicted in 
the attached drawings provided in Appendix C. Due to the low pumping rate necessary to obtain 
containment of water, the infrastructure that is being installed has a far greater hydraulic capacity than the 
design flow. The piping and tanks are capable of managing flow rates that are more than an order of 
magnitude higher than the design flow that was developed to obtain capture of groundwater flowing away 
from the EC. This will allow flexibility in implementation, including performance testing, should the 

contingency remedy become necessary.  

Conclusions 

Given that the contamination being addressed by the Phase II RAP has been in place for over 50 years 
and excavation and capping will reduce the potential for groundwater contamination and dissolved-phase 
migration, implementation of the contingency remedy is not expected. However, while current conditions 
do not indicate the need for groundwater recovery, the contingency groundwater remedy would allow for 
groundwater recovery and treatment to be performed in the future, should slow-moving constituents like 
PCBs demonstrate gradual mobility in the future. The contingency remedy design is robust and would 

readily contain any plume should one develop in the future.  

Please let us know if you have any questions or comments on the attached materials.  

Sincerely, 
             

            
Patrick Haskell, LEP, CHMM  
Technical Leader 
 

Dave Estrella 
Water Resources Engineer 
 

cc:  Jeff Wilcox, CT DEEP 
Gary Trombly, CT DEEP 

Amber Trahan, CT DEEP 
Amy Siebert, Town of Greenwich 

Toni Jones, Greenwich Public Schools 
Dan Watson, Greenwich Public Schools 

Jane Warren, McCarter & English 

 

Attachments: 
Figure 1  Site Location Map 
Figure 2  Monitoring Well Network 
Figure 3  Subregional Drainage Basins 
Figure 4 November 2020 Shallow Potentiometric Surface Elevations  
Appendix A  Hydrogeologic Investigation Report Figures 
Appendix B  Contingency Groundwater Capture Evaluation 
Appendix C  Contingency Groundwater Capture Design Details 
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DETENTION
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AREA OF SOIL STOCKPILE
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1,000 GALLON  UST

DIESEL GENERATOR WITH

200 GALLON  AST

ELECTRIC SUBSTATION

LOCATION OF CURRENT AND

FORMER 15,000 GALLON  UST's

MISA AUDITORIUM

STORM DRAIN OUTLET
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AK11-SB431 AM11-SB436
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AK16-SB483
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AL15-SB480
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MW-F35-SB487
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Top of NE Bolt - Utility Pole

BM-4

46.71

Mag Nail in Concrete Sidewalk

BM-3

56.57

Mag Nail in Bituminous Sidewalk

BM-2

56.28

Mag Nail in Bituminous Sidewalk

BM-5

56.68

Mag Nail in Bituminous Sidewalk

BM-1

60.13

Mag Nail - Utility Foundation Concrete

BM-6

A'

B

B'

A

MW-Y9D

MW-Y15D

MW-AM16D

MW-AJ13D

C

C'

MW-AA12D

MW-AL10

AF21-SB202

AF22-SB215

AF23-SB203

AF24-SB217

AG21-SB214

AG22-SB213

AG23-SB216

AH21G-SB224

AH21B-SB219

AH21-SB206

AH21H-SB225

AH21C-SB220

AH21E-SB222

AH21D-SB221

AH21F-SB223

AH21A-SB218

AH22-SB212

AH23-SB204

AI21-SB211

AI22-SB205

AI23-SB208

AJ21-SB210

AJ23-SB207

AJ22-SB209

MW-AM16D

MW-AH16R

MW-AH16D

AOC-1

LEGEND

0-3" ONLY SAMPLE LOCATION (DTC)

FIGURE 3

SITE PLAN WITH CROSS-SECTION LOCATIONS

HYDROGEOLOGIC SITE INVESTIGATION

AECOM Environment

500 ENTERPRISE DR, STE 1A

ROCKY HILL, CT 06067

(860) 263-5800

www.aecom.com

MISA PROJECT SOIL BORING LOCATION (AECOM)

SOIL BORING LOCATION  (AECOM)

MONITORING WELL LOCATION (AECOM)

0-1' ONLY SAMPLE LOCATION (DTC)

0-3" and 0-1' SAMPLE LOCATION (DTC)

SOIL BORING LOCATION (DTC)

GEOTECHNICAL MONITORING WELL LOCATION

PIEZOMETER LOCATION (AECOM)

STEP OUT BORING LOCATION  (AECOM)

AOC 1 - FILL AREA

AREAS OF CONCERN

CROSS-SECTION TRANSECT LINE

A'A

NOTE:

MW-AM16D IS OFFSET 12.63' FROM TRANSECT A-A'

MW-AJ13D IS OFFSET 40.06' FROM TRANSECT B-B'

MW-Y9D IS OFFSET 25.40' FROM TRANSECT C-C'

MW-Y15D  IS OFFSET 10.90' FROM TRANSECT C-C'

MW-AA12D IS OFFSET 35.26' FROM TRANSECT C-C'
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FIGURE 4

CROSS SECTION A - A'

HYDROGEOLOGIC SITE INVESTIGATION

AECOM Environment

500 ENTERPRISE DR, STE 1A

ROCKY HILL, CT 06067

(860) 263-5800

www.aecom.com

GROUNDWATER PCB CONCENTRATION ( g/kg) (JUNE 2018)

WATER TABLE

PEAT MARKER

PEAT UPPER BOUNDARY

BOTTOM OF EXPLORATION
B.O.E.

PEAT LOWER BOUNDARY

14.338

0.0026

ND

PCB CONCENTRATION ( g/kg) >0.5

PCB CONCENTRATION ( g/kg) <0.5

PCB NOT DETECTED

NOTES:

1. ELEVATIONS SHOWN ARE BASED ON THE 1929 NGVD.

2. GROUNDWATER ELEVATIONS ARE BASED ON THE JULY 23, 2012 
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1. Introduction 

Purpose 
The purpose of this study was to use an analytical element model to assist in the design of a pump and treat system 

that could be used in the future to control groundwater migration, if necessary, in the shallow aquifer beneath athletic 

fields at Greenwich High School in Greenwich, Connecticut (Site).  The scope of work included development of a two-

dimensional (2-D) analytical element groundwater flow model using the software GFLOW, with the objective of 

evaluating well configurations and pumping rates necessary to establish a capture zone around the source of a 

polychlorinated biphenyl (PCB) plume in shallow groundwater beneath Fields 3 and 4 (see Figure 1-1).  Study tasks 

included review of available data, development of the analytical element model, model calibration, pump and treat 

design simulations, and sensitivity analysis.  Model calibration was limited to one set of water levels.  Predictive 

simulations were conducted to develop well configurations and pumping rates which will produce capture of the 

plume.  A sensitivity analysis was performed to demonstrate capture through a range of possible uncertainties.  

Software Selection 
An analytical element model (AEM), GFLOW V. 2.2.3 (Haitjema Software, 2018) , was utilized to achieve the 

objectives of this study.  GFLOW is a Windows-based and highly efficient stepwise groundwater flow modeling 

system based on the analytic element method developed by Haitjema Software, a subdivision of Haitjema Consulting, 

Inc. It models 2-D steady-state flow in a single heterogeneous aquifer using the Dupuit-Forchheimer assumption.   

The analytic element method was developed by Otto Strack at the University of Minnesota and avoids the 

requirement of discretized grids, specific domains, traditional boundary conditions. Instead, lake and stream sections, 

wells, and recharge are represented by closed-form analytical solutions called analytic elements, and the solution is 

obtained by the superposition of all elements in the model. The GFLOW computational engine is incorporated in the 

Environmental Protection Agency (EPA) software Wellhead Analytical Element Model (WhAEM), which is designed 

for capture zone delineation and protection area mapping in support of the Wellhead Protection Program (WHPP) 

and Source Water Assessment Planning (SWAP) for public water supplies in the United States  (Kraemer & Haitjema, 

2018).   
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2. Conceptual Site Model 
The hydrogeological conceptual site model (CSM) has been documented in the Artificial Turf Field and Site 

Hydrogeological Investigation Report (AECOM, 2019).  A brief summary is presented in this section.   

Two water bodies have been observed on historical maps. The central portion of the property was a former wetland. 

An unnamed pond that is currently referred to as Cider Mill Pond is shown in the southeast corner. West Brothers 

Brook historically entered the property at the same location as it does currently, flowed southeast into the wetlands 

and then beyond through Cider Mill Pond. Construction of the high school resulted in the wetlands being filled and 

West Brothers Brook being diverted through a concrete lined channel to accommodate playing fields and other 

improvements associated with the school. Currently, West Brothers Brook enters the Site near the northwest corner 

of Field 4, at which point it is culverted and returns to its natural channel approximately 200 feet southwest of Field 3. 

The geologic materials present at the site include: 

• Surficial Materials - Generally six inches of topsoil, asphalt in parking lot areas, and artificial turf beneath Fields 

3, 4, 6 & 7.  

• Fill - medium to very dense, fine to medium sand with some traces of silt or gravel with debris containing trace 

amounts of cinders, brick, glass, roots, wood, plastic, and rubber. Fill is encountered from ground surface to 

depths of up to 14 feet below ground surface (bgs). Fill material extends from the northwestern corner of the 

school, beneath much of the western parking lot, to Fields 2, 3, and 4, much of Field 5, and portions of Field 6. 

• Peat/Organic Silt - Beneath the non-native fill, a layer of soft organic material extended to depths ranging from 

2.5 to 28 feet bgs, with a maximum thickness of 18.5 feet. This peat is generally present in the same area as the 

fill material and is inferred to act as an aquitard in the area of the athletic fields.  

• Dense Till: A layer of dense silty sands (till) was encountered beneath the non-native fill and the peat/organic silt 

units. This material contained varying amounts of gravel, cobbles and boulders and extended to depths ranging 

from 8.5 to 59 feet bgs. 

• Gneiss Bedrock: Gneiss was encountered in numerous borings across the Site. Depth to bedrock surface 

ranges from zero to 59 feet bgs. 

The Site is surrounded by elevated land features to the east, north, and west, and bedrock outcrops are present 

around and on much of the Site. The bedrock surface beneath the Fields #2, #3, and #4 forms a bowl-like structure, 

in which a wetland formed with fine-grained sediment and plant materials accumulating into a silty peat layer over 

time. Prior to the construction of the athletic fields, historical channels were present in the wetland complex, some of 

which appeared to act as headwater-like groundwater discharge zones adjacent to upland areas, alongside a main 

channel (i.e. West Brothers Brook prior to its relocation), which bisected the wetland complex from northwest to 

southeast. Fill materials were placed in these channels and over the wetland to build the Site recreational facilities.  

However, groundwater recharge is still understood to occur from the area of the former headwaters and filled 

channels may act as preferential migration pathways where silt/peat deposits are thinner.  

Groundwater flow contours indicate a primary northwest to southeast direction to groundwater flow across  

the Site. A mound is evident in the water table that is centered beneath the southern portion of Field #3,  

which is the portion of the filled wetlands that is furthest removed from locations with natural discharge to  

surface water, subsequent to the construction of a concrete culvert to re-route West Brothers Brook. 
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3. Model Inputs and Calibration 

Input Parameters 
Input parameters for GFLOW include linesinks, used to represent water sources or sinks (such as rivers, lakes, and 

drainages), aquifer base elevation, hydraulic conductivity, porosity, and recharge.  A summary of model inputs is 

presented in Table 3-1.  Model setup is presented on Figure 3-1.      

Table 3-1: Model Input Parameters 

Parameter Zone Value Source Notes 

Aquifer Base Elevation Background 42 ft amsl Boring Logs Denotes top of peat 

elevation 

Aquifer Base Elevation Along west and south of 

Fields 3 and 4 

45 ft amsl Boring Logs Denotes top of peat 

elevation, (adjusted in 
calibration) 

Aquifer Thickness Entire Domain 10 ft Boring Logs Ground surface - top of 
peat elevation 

Hydraulic Conductivity Background 15.9 ft/d Slug Test Results Adjusted in calibration 

Hydraulic Conductivity Along west and south of 
Fields 3 and 4 

4.9 ft/d Slug Test Results Adjusted in calibration 

Hydraulic Conductivity Bedrock 0.01 ft/d Literature Value (Heath, 1983) 

Porosity Entire Domain 20% Literature Value (Morris & Johnson, 1967) 

Recharge Grass Area North of 
Fields 6 and 7 

5.30 in/yr 11.5% of 
precipitation 

Adjusted in calibration 

Recharge Turf Fields 3, 4, 6, and 7 1.06 in/yr 2.3% of 

precipitation 

Adjusted in calibration 

Recharge Baseball fields 2 and 5 3.18 in/yr 6.9% of 

precipitation 

Adjusted in calibration 

Recharge Area of added recharge 

along west and south of 
Fields 3 and 4 

12.88 in/yr 28.0% of 

precipitation 

Adjusted in calibration 

Recharge Parking lots and 
Buildings 

0 in/yr 0% of precipitation Adjusted in calibration 

Recharge Bedrock 0.0001 in.yr 1 % of precipitation  

Linesink Wetland / Low Area on 
Northeast corner of site 

Head - ranges from 
46.5 to 46 ft amsl 

Resistance - 0 days 

Site Topographic 
Survey 

 

Linesink Lined Portion of West 

Brothers Brook 

Head - ranges from  

46 to 44 ft amsl 

Resistance - 1 day 

Site Topographic 

Survey 

Resistance adjusted in 

calibration 

Linesink Unlined portion of West 

Brothers Brook and 
Cider Mill Pond 

Head - ranges from  

44 to 42.5 ft amsl 

Resistance - 0 day 

Site Topographic 

Survey 

 

Linesink Flow interaction with 
bedrock to east of Site 

Head - ranges from  
52 to 25 ft amsl 

Resistance - 10 days 

July 2019 
Groundwater 

Elevation Map 

Resistance adjusted in 
calibration 

Notes: 

ft amsl - feet above mean sea level 

ft - feet 
ft/d feet per day 

in/yr - inches per year 

Recharge rates as a percentage of precipitation are compared to total precipitation over the month of July 2019 at Westcheste r 

County Airport Station. Precipitation total was 3.9 inches (Weather Underground, 2021). 
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Model Calibration 
The GFLOW model was calibrated to one set of 32 water level measurements collected in July 2019. The calibration 

process included altering parameters discussed above within reasonable ranges until water levels were matched as 

well as possible given limitations of the simplified model setup.  A typical metric for adequate model calibration for a 

groundwater flow model is a scaled root mean square error (RMSE) of the observed versus computed heads of less 

than 10%. Observed and simulated water levels are shown in Table 3-2 and calibration statistics are presented in 

Table 3-3.  The model calibration resulted in a scaled RMSE of 10.10%. From a statistical perspective, the model is 

slightly above the threshold for adequate calibration; however, given the simplified model setup, the model is 

calibrated well enough to be used for pump and treat design with an appropriate sensitivity analysis.  Through the 

model calibration process, it was determined that only unreasonable parameter inputs would further reduce 

calibration statistics.  Simulated heads and residuals are shown on Figure 3-2.  A plot of observed versus simulated 

heads is shown on Figure 3-3. 

Table 3-2: Comparison of Observed and Modeled Heads 

Well ID Observed Head 
(ft amsl) 

Model Head 
(ft amsl) 

Residual (ft) Absolute Residual 
(ft) 

Square Residual 
(ft2) 

MW-Y9 49.57 46.71 -2.86 2.86 8.18 

MW-AL10 48.89 46.50 -2.39 2.39 5.73 

MW-Y26 48.1 46.09 -2.01 2.01 4.05 

MW-AJ13 44.74 46.69 1.95 1.95 3.81 

PZ-AM22 45.38 47.22 1.84 1.84 3.38 

MW-AM16 44.97 46.69 1.72 1.72 2.97 

MW-AG10 48.26 46.55 -1.71 1.71 2.93 

MW-AJ19 45.25 46.90 1.65 1.65 2.73 

MW-T23 46.09 44.49 -1.60 1.60 2.55 

PZ-AH19 45.22 46.82 1.60 1.60 2.55 

MW-AA12 48.54 47.01 -1.53 1.53 2.35 

MW-28 42.13 40.63 -1.50 1.50 2.24 

MW-U20 45.44 44.24 -1.20 1.20 1.43 

PZ-AG18 45.57 46.73 1.16 1.16 1.35 

MW-AE8 44.68 45.77 1.09 1.09 1.19 

MW-AG30 48.76 47.68 -1.08 1.08 1.18 

MW-AA19 45.02 46.09 1.07 1.07 1.15 

MW-V12 44.53 45.47 0.94 0.94 0.89 
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Well ID Observed Head 
(ft amsl) 

Model Head 
(ft amsl) 

Residual (ft) Absolute Residual 
(ft) 

Square Residual 
(ft2) 

MW-AP28 48.78 47.90 -0.88 0.88 0.77 

MW-X17 44.64 45.51 0.87 0.87 0.75 

MW-F35 36.57 35.71 -0.86 0.86 0.74 

MW-AH16R 47.54 46.73 -0.81 0.81 0.65 

MW-P7 43.88 44.67 0.79 0.79 0.62 

MW-Y15 46.51 45.91 -0.60 0.60 0.36 

MW-AM21 47.55 47.13 -0.42 0.42 0.17 

MW-S15 44.23 44.60 0.37 0.37 0.14 

MW-AP11 45.34 45.67 0.33 0.33 0.11 

MW-P11 44.42 44.69 0.27 0.27 0.08 

MW-L25 42.54 42.80 0.26 0.26 0.07 

MW-AV17 46.14 46.33 0.19 0.19 0.04 

MW-V18 44.74 44.91 0.17 0.17 0.03 

MW-H29 42.4 42.50 0.10 0.10 0.01 

 

Table 3-3: Model Calibration Statistics 

Statistic Value Unit 

Residual Mean -0.10 ft 

Abs Residual Mean 1.12 ft 

Sum of Square Residual 55.17 ft2 

RMSE 1.31 ft 

Min Head 36.57 ft 

Max Head 49.57 ft 

Range 13.00 ft 

Scaled RMSE 10.10% - 
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4. Pump and Treat Simulation 
Predictive simulations were set up to evaluate locations and rates for pumping wells which will adequately capture the 

PCB plume.  The only changes made between the calibrated model and predictive simulations were reduction of 

recharge to zero beneath the extent of the liner and addition of six pumping wells.  Locations of the liner and pumping 

wells are shown on Figure 4-1.  The pumping well rates were adjusted manually to be the maximum allowable without 

allowing the aquifer to go dry.  Pumping rates allocated to each of the six wells are presented in Table 4-1.  Capture of 

the pumping wells was assessed using forward particle tracking with particles place on a grid over the entire liner 

area.  Simulation results presented on Figure 4-1 demonstrate full capture of all particles.  Well-5 is located in the 

area of lower transmissivity near the mounding groundwater.  Variability is expected during field operation of the 

pumping wells and it is possible that this well in particular yields a higher volume.  Another factor which may lead to 

higher well yields in the field is vertical flow from the deep aquifer not accounted for in the 2-D GFLOW model.  It is 

recommended that a contingency capacity of the system of at least 1 gallon per minute (gpm) is available to account 

for increased yields and seasonal variability. 

Table 4-1: Pumping Well Locations and Rates 

Well ID Northing Easting Pumping Rate (gpm) 

Well-1 576991 761397 0.50 

Well-2 576838 761389 0.40 

Well-3 576643 761375 0.50 

Well-4 576505 761372 0.35 

Well-5 576370 761401 0.07 

Well-6 576380 761633 0.50 

Total   2.32 

Notes: 

Coordinate System NAD 1983 

State Plane Connecticut 
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5. Sensitivity Analysis 
A sensitivity analysis was performed to assess potential uncertainties in model inputs.  A sensitivity analysis was used 

to demonstrate that through a wide range of reasonable parameter input values, full capture of the plume is still 

achieved. A total of ten simulations were carried out, comparing both the changes to model calibration and predictive 

results. The analysis was performed in accordance with ASTM Designation D5611-94 (2016). Each parameter was 

categorized as Type I, II, III, or IV. Definition for parameter types is as follows: 

Type I Sensitivity—When variation of an input causes insignificant changes in the calibration residuals as well as the model’s 

conclusions, then that model has a Type I sensitivity to the input. Type I sensitivity is of no concern because regardless of the value 

of the input, the conclusion will remain the same. 

Type II Sensitivity—When variation of an input causes significant changes in the calibration residuals but insignificant changes in 

the model’s conclusions, then that model has a Type II sensitivity to the input. Type II sensitivity is of no concern because  

regardless of the value of the input, the conclusion will remain the same. 

Type III Sensitivity—When variation of an input causes significant changes to both the calibration residuals and the model’s 

conclusions, then that model has a Type III sensitivity to the input. Type III sensitivity is of no concern because, even though the 

model’s conclusions change as a result of variation of the input, the parameters used in those simulations cause the model to 

become uncalibrated. Therefore, the calibration process eliminates those values from being considered realistic.  

Type IV Sensitivity—If, for some value of the input that is being varied, the model’s conclusions are changed but the change in 

calibration residuals is insignificant, then the model has a Type IV sensitivity to that input. Type IV sensitivity can inval idate model 

results because over the range of that parameter in which the model can be considered calibrated, the conclusions of the model 

change. A Type IV sensitivity generally requires additional data collection to decrease the range of possible values of the p arameter. 

The results of the sensitivity analysis are presented in   
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Table 5-1. Sensitivity simulation #1 represents a case where the heterogeneous zone to the west and south of Fields 

#3 and #4, used to simulate the observed groundwater mound, was removed. Although the calibration residuals are 

greater, it represents a more conservative scenario where the transmissivity of the aquifer in that area is higher, thus 

requiring increases pumping to maintain capture zones. Results for this simulation, presented in Figure 4-2, 

demonstrate that even in this scenario full capture is still achieved. Full capture was achieved in all other sensitivity 

simulations as well leading to either type I or type II sensitivity for all parameters. 
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Table 5-1: Sensitivity Analysis Results 

Sensitivity Run Parameter 

Change 

Residual Mean Scaled RMSE Adequate 

Calibration 

Full Capture 

Achieved 

Sensitivity Type 

Base - -0.10 10.10% Yes Yes - 

#1 Removed low K, 
high base zone 

on Fields 3 and 
4 

-0.41 12.03% No Yes II 

#2 Hydraulic 
Conductivity x2 

-0.40 10.72% Yes Yes I 

#3 Hydraulic 

Conductivity /2 

0.35 10.64% Yes Yes I 

#4 Recharge +50% 0.08 10.09% Yes Yes I 

#5 Recharge - 50% -0.22 10.30% Yes Yes I 

#6 Aquifer Base 
Elevation -4 ft 

-0.73 13.02% No Yes II 

#7 Resistance of 
lined West 

Brothers Brook 
x10 

0.19 10.70% No Yes II 

#8 Resistance of 

lined West 
Brothers Brook 

/10 

-0.14 10.04% Yes Yes I 

#9 Resistance of 
eastern Bedrock 

Linesinks x10 

-0.34 10.47% Yes Yes I 

#10 Resistance of 
eastern Bedrock 

Linesinks /10 

0.34 11.33% No Yes II 
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6. Conclusions 
A 2-D analytical element model was developed for the shallow aquifer at the Greenwich High School Site using the 

Software GFLOW. The GFLOW model was calibrated to 32 water levels measured in July 2021. Calibration residuals 

were slightly higher than the conventional criterion for calibration of a groundwater model of a scaled root mean 

square error of less than 10%. However, a sensitivity analysis was performed to bracket the uncertainty within 

reasonable ranges. Parameter values to achieve better calibration were not considered reasonable by AECOM 

hydrogeologists, and a limited number of model inputs were contributing factors. Predictive simulations were carried 

out to evaluate well locations and pumping rates using forward particle tracking to assess capture of the currently 

existing PCB plume.  Based on the predictive simulations, the following conclusions can be made for the Site: 

• Capture of the PCB plume can be achieved with a liner in place and 6 wells pumping a total of approximately 

2.32 gpm. 

─ One well was only simulated to yield 0.07 gpm due to its location in a low transmissivity zone. 

─ Upward vertical flow from the deep is not accounted for in the GFLOW model, based on the presence of 

the low-permeability peat unit in the area of interest. 

─ A contingency of at least 1 gpm is recommended in system design. 

• A sensitivity analysis was performed and demonstrated that through a range of reasonable changes to 

parameter inputs, capture of the PCB plume was achieved. 

─ The sensitivity analysis accounts for uncertainty in model inputs and acts as validation of sufficient 

conservatism in the system design. 
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total precipitation over the month of July 2019 at Westchester 
County Airport Station. Precipitation total was 3.9 inches 
(Weather Underground, 2021).
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County Airport Station. Precipitation total was 3.9 inches 
(Weather Underground, 2021).
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GFLOW Model Calibration
Plot of Simulated versus Observed Heads
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Note:
Aerial Imagery Source - 
University of Connecticut
2019 Orthophotography
Recharge rates as a percentage of precipitation are compared to
total precipitation over the month of July 2019 at Westchester 
County Airport Station. Precipitation total was 3.9 inches 
(Weather Underground, 2021).
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LINER ATTACHMENT TO CONCRETE

7

D-05

CHAIN LINK FENCE (4' GALV.)

7

D-05

CHAIN LINK FENCE (4' BLACK VINYL)

PW-2

PW-3

PW-4
PW-5

PW-6

PW-1

JUTE MATTING

STABILIZATION

PROVIDE TEMPORARY POWER TO

SCOREBOARD (SEE NOTE 11)

SYNTHETIC TURF RESTORATION AREA

GRASS TURF RESTORATION AREA

GRASS SOD RESTORATION AREA

BRICK PAVER RESTORATION AREA

ASPHALT RESTORATION AREA

CONCRETE RESTORATION AREA

DGA RESTORATION AREA

STONE RESTORATION AREA

STRUCTURE RESTORATION (CONCRETE SLAB)

BLOCK RETAINING WALL

CONCRETE RETAINING WALL

50

PROPOSED CONTOURS (1 FT. INTERVAL)

LIMITS OF WORK

CONCRETE CURB

CHAIN LINK FENCE

DECORATIVE ALUMINUM FENCE

LIGHT POLE BASE

WATER LINE

UNDERGROUND ELECTRIC

UNDERGROUND COMMUNICATION (CCTV / SIGNAL)

IRRIGATION WATER LINE

IRRIGATION SYSTEM LIMITS

W

EUG

CUG

IRR

PHASE KEY

LIMITS OF PHASE 1 EXCAVATION AND RESTORATION

LIMITS OF PHASE 2 EXCAVATION AND RESTORATION

LIMITS OF PHASE 3 EXCAVATION AND RESTORATION

PROPOSED PUMPING WELL LOCATION (FUTURE BY OTHERS)
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Greenwich High School
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Greenwich, Connecticut

I/R DATE DESCRIPTION

ISSUE/REVISION

60432356

04-12-2021

RANDALL TWISS, P.E.

CTPE Lic. No. 33626

Date: 04-12-2021

ENGINEER'S CERTIFICATION:

THE UNDERSIGNED HEREBY CERTIFIES

THIS PLAN TO BE AN APPROPRIATE

REPRESENTATION OF THE PROPOSED

SITE FEATURES. THE COMPLIANCE OF THE

IMPLEMENTATION OF CONTRACT WORK IS

THE CONTRACTOR'S SOLE RESPONSIBILITY.

00 40' 80'

RESTORATION PLAN

NOTES

1. RESTORE SURFACES TO EXISTING GRADE IN AREAS INDICATED.

2. SEE SHEET C-15 FOR ADDITIONAL FINAL GRADING INFORMATION.

3. EXISTING SIGNS TO BE REMOVED, STORED AND REPLACED IN LOCATIONS AS DIRECTED BY THE ENGINEER.

4. SEE SHEET C-16 FOR REMEDIATION AREA 02 RESTORATION.

5. SEE REFERENCE DRAWING SET BY MILONE  & MACBROOM (SLR) FOR SYNTHETIC TURF, TURF CURB AND FIELD FENCING / GATE, BLEACHERS AND DRINKING

FOUNTAIN  INFORMATION AND DETAILS.

6. RESTORATION SHALL BE COMPLETED FOR EACH PHASE UNLESS OTHERWISE NOTED.

7. FINAL ASPHALT RESTORATION SHALL BE COMPLETED DURING PHASE 2. CONTRACTOR TO INSTALL BINDER COURSE PAVEMENT FOR THE AREA INDICATED

AT THE COMPLETION OF PHASE 1.

8. END OF CONDUITS SHALL BE CAPPED, LEFT BELOW GRADE AND SURVEYED FOR FUTURE CONNECTIONS.

9. TWO 2-INCH SCH80 PVC PIPES SHALL BE INSTALLED THROUGH CISTERN RISERS (LIQUID TIGHT PENETRATIONS) AND WYE INTO A 3-INCH SCH80 PVC PIPE

(MIN. 42 INCH BELOW GRADE) FOR FUTURE PUMP DISCHARGE.

10. SEE SHEET C-12 FOR ADDITIONAL FIELD ACCESS AND RETAINING WALL INFORMATION AND PROFILE.

11. CONTRACTOR TO PROVIDE TEMPORARY SOLAR POWER WITH BATTERY BACKUP TO SCOREBOARD AT COMPLETION OF PHASE 1 WORK UNTIL PERMANENT

POWER IS PROVIDED AT THE COMPLETION OF PHASE 2.

PLAN

LEGEND

PHASE 1

PHASE 2

PHASE 3

PHASE 3

PHASE 3

PHASE KEY

PHASE 3

PHASE 3

PHASE 2

C-10

1001

1002

DETAIL
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CUG

EUG

DETAIL



COMMON FILL

1
(2 MIN.)

9"-THICK RIP-RAP (D50 6")

8 OZ/SY
GEOTEXTILE
(BLACK)

MEET EXISTING GRADE AT
LIMITS OF REMEDIATION

PROPOSED SLOPE GREATER
THAN 3:1

VARIES

CURB / EOP
STATION LINE

EXISTING CATCH BASINS

W W

W

EXISTING CATCH BASIN

4" PVC WATER MAIN (IRRIGATION)

1" WATER SERVICE (FOUNTAIN)

4" PVC WATER MAIN (IRRIGATION)
1" WATER SERVICE (FOUNTAIN)

EXISTING 18"
DRAINAGE PIPEWATER UTILITY TRENCHWATER UTILITY TRENCH

10 FT. (MIN.)

CONCRETE ENCASEMENT

CONCRETE ENCASEMENT

1
8

"

(
M

I
N

.
)

PARKING LOT

6"
(MIN.)

6" (MIN.)
COVER

SEE ASPHALT DRIVEWAY / PARKING
LOT SURFACE DETAIL

GRASS

4 FT.
(MIN.)

SAW CUT
(FULL DEPTH)

SAND COVER (PIPE BEDDING MATERIAL)

DGA

3"- 4" PVC WATER MAIN (IRRIGATION)

1" WATER SERVICE (DRINKING FOUNTAINS)

COMMON FILL

TOP SOIL

EXCAVATION PROTECTION,
AS REQUIRED

SECTION

PLAN

EXISTING GRADE
EXISTING MANHOLE

EXISTING GRADE

6" LAYER OF CRUSHED
STONE (CONNDOT NO. 6)

18" (MIN.) SEPARATION (SHARED TRENCH)

UNDISTURBED EARTH

UNDISTURBED EARTH
SHELFWATER UTILITY TRENCH NOTE:

1) SHARED TRENCH SHOWN. OMIT EITHER PIPE FOR
SINGLE PIPE TRENCH APPLICATION, MAINTAIN ALL
BEDDING DIMENSIONS.

NOTE:

1) ONE FULL SECTION OF PIPE SHALL BE CENTERED
ON CROSSING PIPE(S) TO ACHIEVE GREATEST
DISTANCE TO NEAREST JOINT.

4" SCH. 40 SOLID PVC
PIPE @ 1% SLOPE (MIN.)

EXISTING CATCH BASIN

 COUPLING
4" HDPE SLOTTED PIPE
TO 4" SCH40 PVC PIPE

GRASS TURF
(ATHLETIC FIELDS)

6" LAYER OF
DYNAMIC
STONE BASE

12" SLOTTED
COLLECTION PIPE

SYNTHETIC TURF

CHAIN LINK FENCE

MEMBRANE LINER UNDERDRAIN
4" HDPE SLOTTED PIPE -
ADS 0401-SLOTTED PIPE

4" SCH40 PVC 45° ELBOW (TYP)

12" SECTION OF 4" SCH40 PVC MIN

DEMARCATION
GEOTEXTILE LAYER (TOP OF EC)

COMMON FILL
TOPSOIL

CURB

12" LAYER
OF DGA

CRUSHED STONE
(CONNDOT NO. 6)

COMPOSITE
FLAT DRAIN

GEOTEXTILE (HIGH VISIBILITY)
(TOP OF EC)

THREADED
CAP

VALVE BOX
(NDS 107BC)

6" SCH40 PVC
PIPE COLLAR

4" SCH40 PVC 45° ELBOW (TYP)

12" SECTION OF 4" SCH40 PVC MIN

THREADED
CAP

VALVE BOX
(NDS 107BC)

 COUPLING
4" HDPE SLOTTED PIPE
TO 4" SCH40 PVC PIPE

PLANTING BED
(18" TOPSOIL)

COMMON FILL

CRUSHED STONE
(CONNDOT NO. 4)

FROST LINE

GEOTEXTILE (HIGH VISIBILITY)

COMMON FILL

V
A

R
I
E

S

4
"

GEOTEXTILE
(HIGH VISIBILITY)

NOTE:

1) SHALL BE PLACED AT BEGINNING AND ENDING
OF EAST AND WEST RUNS.

NOTE:

1) SHALL BE PLACED AT NORTH AND SOUTHMOST
ENDS ALONG BLOCK RETAINING WALL.

1

D-05

TURF DETAIL

SAND COVER
(PIPE BEDDING MATERIAL)

COMMON FILL

12345PW-6

6
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.
)

1 1/2" SCH. 80 PVC

1.5"

(TYP.)

1.5"

(TYP.)

ELECTRIC CONDUIT

CAUTION TAPE
(YELLOW - COMM.)
(RED - ELECTRICAL)

CRUSHED STONE (CONNDOT NO. 6)

6

D-02

KOR-N-SEAL

4" SCH. 40 SOLID PVC
90° BEND

1

C-13

BLOCK RETAINING WALL

10

D-04

MEMBRANE LINER PENETRATION BOOT

WALL UNDERDRAIN
(ADS 0401 - SLOTTED PIPE)

1
"

6
"

24"

FINISH GRADE SEE ASPHALT
DRIVEWAY / PARKING
LOT SURFACE DETAIL

6A

D-05

CONCRETE CURB

CURB END TRANSITION
1:4 (MAX. SLOPE)

ADJACENT FINISH GRADE
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1.5"
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CAUTION TAPE
(YELLOW - COMM.)
(RED - ELECTRICAL)
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TURF DETAIL 1
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TURF DETAIL

COMMON FILL
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"

(
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1 1/2" SCH. 80 PVC

1.5"

(TYP.)

ELECTRIC CONDUIT
COMMUNICATION
CONDUIT

CAUTION TAPE
(YELLOW - COMM.)
(RED - ELECTRICAL)

1

D-05

TURF DETAIL

COMMUNICATION
CONDUIT

COMMUNICATION
CONDUIT

COMMUNICATION
CONDUIT

1.5"

(TYP.)

COMMON FILL

1PW-2

6
"

(
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I
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1 1/2" SCH. 80 PVC

1.5"

(TYP.)

ELECTRIC CONDUIT
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CONDUIT
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(RED - ELECTRICAL)
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D-05

TURF DETAIL

1.5"

(MIN.)

COMMON FILL

PW-1

6
"

(
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1 1/2" SCH. 80 PVC

ELECTRIC CONDUIT
COMMUNICATION
CONDUIT

CAUTION TAPE
(YELLOW - COMM.)
(RED - ELECTRICAL)

1

D-05

TURF DETAIL

DEWATERING TRENCH NOTES:

1) CONDUIT SIZED FOR 6 - 1.5 HP SUBMERSIBLE PUMPS AND POWER FOR SCOREBOARDS.
2) WATER LINES SHALL HAVE LONG SWEEP ELBOWS FOR 90° BENDS.

LINER MATERIALS

GEOTEXTILE
(HIGH VISIBILITY)

GEOTEXTILE
(HIGH VISIBILITY)

GEOTEXTILE
(HIGH VISIBILITY)

GEOTEXTILE
(HIGH VISIBILITY)

GEOTEXTILE
(HIGH VISIBILITY)

GEOTEXTILE
(HIGH VISIBILITY)

GEOCOMPOSITE (TYPE 2)
40 MIL LLDPE MEMBRANE LINER

GEOCOMPOSITE (TYPE 1)

1" COPPER WATER SERVICE
TUBING SUPPLY LINE

WATER SERVICE BRASS
CURB STOP  (MUELLER B-25154N)
AND CURB BOX (MUELLER H-10312)
OR APPROVED EQUAL

1" COPPER WATER SERVICE  COMPRESSION TEE
(MUELLER H-15381N) OR APPROVED EQUAL

TRANSITION 1" COPPER TO 3/4" PE TUBING AT
NON-FREEZE RESISTANT DRINKING FOUNTAIN,

FOR ADDITIONAL INFORMATION
SEE DWGS. BY MILONE  & MACBROOM (SLR)

1" X 3" BRASS TREADED NIPPLE
WITH CAP AND PLUG

FOR CONNECTION TO COMPRESSED
AIR LINE PURGING AND SANITIZATION

PRECAST CONCRETE TRAFFIC RATED WATER METER
BOX (OLDCASTLE - CHRISTY G03) OR APPROVED EQUAL

ASPHALT PARKING LOT

FROST LINE

1
2

"

SAND COVER
(PIPE BEDDING MATERIAL)

SAND COVER
(PIPE BEDDING MATERIAL)

SAND COVER
(PIPE BEDDING MATERIAL)

SAND COVER
(PIPE BEDDING MATERIAL)

SAND COVER
(PIPE BEDDING MATERIAL)1" BRASS BALL VALVE

FLARED COPPER TO THREADED
(MUELLER B-25174N) OR APPROVED EQUAL

1" COPPER WATER SERVICE
TUBING SUPPLY LINE

4' (MAX.)

2

D-06

WATER UTILITY TRENCH

Printed on ___% Post-Consumer

Recycled Content Paper

REFERENCE

REGISTRATION

CONSULTANT

CLIENT

PROJECT

PROJECT NUMBER

A
N

S
I
 
D

 
2

2
"
 
x
 
3

4
"

SHEET TITLE

SHEET NUMBER

P
r
o

j
e

c
t
 
M

a
n

a
g

e
m

e
n

t
 
I
n

i
t
i
a

l
s
:

D
e

s
i
g

n
e

r
:

C
h

e
c
k
e

d
:

A
p

p
r
o

v
e

d
:

                        tel                            fax

www.aecom.com

AECOM

500 Enterprose Drive Suite 3B

Rocky Hill, CT 06067-3913

860.529.8882 860.529.3991

Phase II Remedial Action

Town of Greenwich

Greenwich High School

10 Hillside Road

Greenwich, Connecticut

I/R DATE DESCRIPTION

ISSUE/REVISION

60432356

04-12-2021

RANDALL TWISS, P.E.

CTPE Lic. No. 33626

Date: 04-12-2021

ENGINEER'S CERTIFICATION:

THE UNDERSIGNED HEREBY CERTIFIES

THIS PLAN TO BE AN APPROPRIATE

REPRESENTATION OF THE PROPOSED

SITE FEATURES. THE COMPLIANCE OF THE

IMPLEMENTATION OF CONTRACT WORK IS

THE CONTRACTOR'S SOLE RESPONSIBILITY.

DETAILS

6 OF 7

D-06

2
WATER UTILITY TRENCH

NOT TO SCALE

1

C-14

WATER UTILITY AT STORM SEWER

NOT TO SCALE

4
STONE ARMOR LINING

NOT TO SCALE

3

C-14

UNDERDRAIN CONNECTION TO STRUCTURE

NOT TO SCALE

6

C-07

UNDERDRAIN CLEANOUT -2

NOT TO SCALE

5

C-07

UNDERDRAIN CLEANOUT -1

NOT TO SCALE

7

C-10

CRUSHED STONE SURFACE

NOT TO SCALE

8
CURB END DETAIL

NOT TO SCALE
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C-14

WATER SERVICE VALVE AND METER PIT

NOT TO SCALE

10

C-10

DEWATERING TRENCH

NOT TO SCALE
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C-10

DEWATERING TRENCH
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DEWATERING TRENCH
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DEWATERING TRENCH
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DEWATERING TRENCH
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Ms. Kimberly Tisa
PCB Coordinator – Region 1
United States Environmental
Protection Agency
1 Congress Street, Suite 1100
Boston, MA 02114-2023

AECOM
500 Enterprise Drive
Rocky Hill, CT 06067
aecom.com

May 19, 2021

Phase II RAP Addendum #2
Greenwich High School
10 Hillside Road
Greenwich, Connecticut

Dear Ms. Tisa,

On behalf of the Town of Greenwich, AECOM has prepared this addendum to the Phase II Remedial
Action Plan (RAP) for the above referenced property (the site). The Phase II RAP was submitted to the
United States Environmental Protection Agency (EPA) and the Connecticut Department of Environmental
Protection (DEEP) on January 7, 2021. This addendum details the scope of work for which the Town of
Greenwich is requesting approval to perform in the year 2021 and presents revised limits of the
Engineered Controls (ECs) to be constructed in 2021, based on conversations between the Town, DEEP,
and EPA.

Scope of Work for 2021
The scope of work for 2021 includes:

Excavate and backfill Remediation Areas (RAs) RA10, RA10A, RA11, RA12, RA13, RA14, RA16,
RA17, and RA18, as shown on Figure 1.

Load, transport, and dispose impacted soil from Remediation Areas RA10, RA10A, RA13, RA16,
RA17, and RA18 as PCB Remediation Waste (greater than 50 mg/kg).

Load, transport, and dispose impacted soil from Remediation Area RA14 as PCB Remediation
Waste (less than 50 mg/kg) in accordance with 40 CFR 761.61(a)(5)(i)(B)(2)(ii). Additional data
demonstrating that PCB concentrations in that area are provided in Attachment 1.)

Remove and replace Field 4 artificial turf and field infrastructure including turf carpet, infill, shock
pad, concrete perimeter curbing, and perimeter fencing.

Consolidate beneath the impermeable liner impacted soil containing PCBs at a concentration of
less than 10 mg/kg excavated from 0 to 1.5 feet bgs in RA11 and RA12.

Construct an Engineered Control cover system beneath the artificial turf of Field 4.

Construct stormwater piping and the stormwater detention system associated with Field 4.

Construct an Engineered Control cover system in the grassy areas in the southwest corner of
Field 5 (RA16 area) and west of Field 4 (RA12 area).
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Construct an Engineered Control cover system at the southeast corner of Field 4 consisting of
asphalt and subbase where an asphalt walkway to the field is present and will be restored
following earthwork activities.

Details of the engineered controls are provided below. The elements of work proposed for 2021 are shown
on Figures 1 and 2.

Engineered Controls
Based on discussions with EPA and DEEP, the vertical limits of ECs to be constructed in 2021 have been
updated as follows:

The EC beneath artificial turf Field 4 will begin beneath the turf shockpad and be comprised of
(from top to bottom) a high visibility demarcation layer, 6 inches of dynamic stone base, flat
drains, a geotextile liner, 12 inches of dense-graded aggregate (DGA), an HDPE geocomposite,
and a 40-mil. LLDPE membrane liner.

The Engineered Control beneath Field 4 will incorporate a stormwater management system
consisting of perforated and solid HDPE piping and a detention system located north of Field 4. A
separate system consisting of a geocomposite drain and 4-inch HDPE slotted pipe will be
installed beneath the EC to manage groundwater and prevent hydrostatic pressure from building
up beneath the impermeable membrane liner.

The EC beneath restored asphalt will begin at ground surface and be comprised of (from top to
bottom) 4 inches of asphalt, 12 inches of DGA, a high visibility demarcation layer, and 56 inches
of common fill/unrestricted reuse material.

The EC beneath grassy areas in RA12 where excavations are proposed will begin at ground
surface and be comprised of (from top to bottom) grass, 6 inches of topsoil, a high visibility
demarcation layer, 18 inches of common fill/unrestricted reuse material, and a second high
visibility demarcation layer. Sprinklers are not located west of Field 4, therefore the only
maintenance activity expected to occur in this area is cutting of the grass.

The EC beneath grassy areas in RA16 where excavations are proposed will begin at 18 inches
bgs and consist of (from top to bottom) a high visibility demarcation layer and 54 inches of
common fill/unrestricted reuse material.

In grassy areas where the stormwater detention piping is to be installed, the EC will begin at 12
inches bgs and consist of (from top to bottom) a high visibility demarcation layer, approximately  6
inches of pipe bedding, 24 inches of piping/pipe bedding, approximately 4 inches of pipe bedding,
and an 8 oz. geotextile.

A summary of EC conditions is provided in Table 1. A plan view showing the locations of the various
restoration areas where ECs will be constructed is provided as Figure 3. Cross sections depicting the
vertical extents of ECs beneath artificial turf, grass, and asphalt are provided as Figures 4 through 7.

The Maintenance, and Monitoring (M&M) Plan submitted in conjunction with the Phase II RAP will be
updated to reflect these changes. Typical maintenance activities for artificial turf fields include monthly
grooming of the turf carpet and raking of the infill, and yearly deep cleaning of the turf carpet, addition of
infill, and seam repair. None of these activities will require disturbance of the EC. Every 10 to 15 years, the
artificial turf carpet and infill is replaced. The shockpad is meant to last for at least two synthetic turf
replacement cycles and only require spot replacement if damaged by turf removal activities. Typically,
regrading of the stone beneath the shockpad is not needed during replacement unless the field
experiences drainage or sinkhole issues. However, the M&M plan will include provisions for regrading,
which will require lifting the Environmental Land Use Restriction (ELUR), if it becomes necessary.
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Groundwater Elevation Evaluation
The Groundwater Elevation Evaluation Memo submitted as an appendix to the Phase II RAP has been
updated with revised elevation data for MW-AL10, which is located immediately west of Field 4. The top of
PVC elevation of MW-AL10 was re-surveyed in April 2021 and measured to be 2.9 feet lower than
previous survey data indicated. Based on this lower elevation, groundwater has not been observed at
elevations approaching or exceeding the design elevation of the 4-inch slotted PVC pipe associated with
the passive groundwater collection underdrain beneath the impermeable liner for Fields 3 or 4. While on
one occasion, groundwater elevations were observed to be above this elevation for a few hours at
monitoring well MW-Y9, the expectation is that groundwater recovery by the passive groundwater drain
system will be minimal. As noted during our conversation of May 13, 2021, while the elevation of this 4-
inch slotted PVC drain pipe is a few inches higher than the lowest elevation of the impermeable liner, the
limited extent of the liner below this elevation (1.5 feet wide) and presence of the nearby slotted drain pipe
will prevent hydrostatic pressure from displacing the liner. The updated groundwater elevation evaluation
memo is included as Attachment 2.

Administrative Record
An updated administrative record documenting reports submitted to EPA and DEEP regarding the site is
provided as Attachment 3. This update includes the administrative record provided in conjunction with the
Environmental Conditions Assessment Form in May 2017, as well as documents related to PCB
investigation and remediation that were submitted to DEEP and EPA since that time.

Please let us know if you have any questions or comments regarding this requested modification.

Kind regards,

Patrick Haskell, LEP
Technical Leader

Michael Doherty, P.E.
VP, Remediation

Attachments:
Table
Figures
Attachment 1 – RA14 Less Than 50 ppm Delineation
Attachment 2 – Updated Groundwater Elevation Evaluation Memo
Attachment 3 – Administrative Record

cc: Jeff Wilcox, CT DEEP
Gary Trombly, CT DEEP
Ray Frigon, CT DEEP
Amy Siebert, Town of Greenwich
Toni Jones, Greenwich Public Schools
Dan Watson, Greenwich Public Schools
Jane Warren, McCarter & English
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Doerfler, Elizabeth
Text Box
Table 1 - Summary of Proposed Engineered Controls revised in Addendum #3
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Area for which approval is
requested for 2021 work

FIGURE 1 - EXCAVATION PLAN



Area for which approval is
requested for 2021 work

FIGURE 2 - RESTORATION PLAN



Synthetic Turf Fields 3 & 4 - General
(Right side of Detail #1)

Synthetic Turf Field 4 Perimeter Pipe
(Right side of Detail #1)

Grass Area - Solid Conveyance Pipes
(No Impermeable Liner)
(Left side of Detail #1)

Grass Area - Stormwater Detention
Piping  (Detail #2)

Grass - 2 ft Excavation Area in RA12
(Left side of Detail #1)

Newly Restored Asphalt
(Detail #4)

Grass Area - 6 Foot Excavation in RA16
(Detail #3)

FIGURE 3 - ENGINEERED CONTROL CROSS SECTION LOCATIONS



TOP OF EC
LEGEND:

BOTTOM OF EC

FIGURE 4
DETAIL #1

ENGINEERED CONTROL
CROSS SECTIONS

High Visibility Marker
Fabric

Detail #1
Synthetic Turf Field 4 - General

Synthetic Turf Field 4 - Perimeter Perforated Piping
Grass Area - Solid Conveyance Pipes (No Impermeable Liner)

Grass Area - 2 foot Excavation in RA12

FLAT DRAIN/8 OZ. GEOTEXTILE



Doerfler, Elizabeth
Text Box
Figure 5 - Detail #2 Grass Area - Detention Piping North of Field 4: Revised version provided in Addendum #3. 



TOP OF EC
LEGEND:LEGEND:

BOTTOM OF EC

Detail #3
Grass Area - 6 Foot Excavation in RA16



TOP OF EC
LEGEND:

FIGURE 7
DETAIL #4

ENGINEERED CONTROL
CROSS SECTION

56" of Unrestricted
Reuse Material

Detail #4
Newly Restored Asphalt Walkway in RA16

BOTTOM OF EC



Attachment 1
RA14 Less Than 50 ppm Delineation



1

May 2021 Samples:
1-LT50-RA14(0.5-1)_LOC2
1-LT50-RA14(1-1.5)_LOC2

May 2021 Samples:
1-LT50-RA14(0.5-1)_LOC1
1-LT50-RA14(1-1.5)_LOC1



Remediation Area 14
Less Than 50 ppm Delineation

Phase II Remediation
Greenwich High School

Location ID AL13-SB439 AL13-SB439 AM13 AM13 AM13 AM13-E
Depth Interval 2 - 3 ft 3 - 4 ft 1 - 1.5 ft 2 - 4 ft 4 - 5 ft 0 - 0.5 ft
Sample ID AL13-SB439(2-3)070612-1 AL13-SB439(3-4)070612-1 AM13 (1-1.5)-1 AM13 (2-4)-1 AM13 (4-5)-1 AM13-E-071118-1
Sample Date 7/6/2012 7/6/2012 9/18/2020 9/18/2020 9/18/2020 7/11/2018
SDG SB52371 SB52371 20I1051 20I1051 20I1051 18G0509
PCBs
Aroclor 1016 ug/kg NE < 22.9 U < 121 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1221 ug/kg NE < 22.9 U < 121 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1232 ug/kg NE < 22.9 U < 121 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1242 ug/kg NE < 22.9 U < 121 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1248 ug/kg NE 2440 < 121 U 22000 33000 13000 < 87 U
Aroclor 1254 ug/kg NE < 22.9 U < 24.3 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1260 ug/kg NE 133 < 24.3 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1262 ug/kg NE < 22.9 U < 24.3 U < 2300 < 4200 < 2100 < 87 U
Aroclor 1268 ug/kg NE < 22.9 U < 24.3 U < 2300 < 4200 < 2100 < 87 U
Total PCB Aroclors ug/kg 1000 2570 < 121 U 22000 33000 13000 < 87

Notes:
This is a summary table. Only detected analytes are shown.
<0.010 = Not detected above the laboratory reporting limit
Bold = Detected above reporting limit
Blue highlighted cells exceed the 2013 RES DEC
RES DEC = Residential Direct Exposure Criteria
NE = Criteria has not been established
NS = Not sampled for this constituent
ug/kg = micrograms per kilogram

Unit 2013 RES DEC

U = The analyte was not detected above the detection limit

Page 1 of  2



Remediation Area 14
Less Than 50 ppm Delineation

Phase II Remediation
Greenwich High School

Location ID
Depth Interval
Sample ID
Sample Date
SDG
PCBs
Aroclor 1016 ug/kg NE
Aroclor 1221 ug/kg NE
Aroclor 1232 ug/kg NE
Aroclor 1242 ug/kg NE
Aroclor 1248 ug/kg NE
Aroclor 1254 ug/kg NE
Aroclor 1260 ug/kg NE
Aroclor 1262 ug/kg NE
Aroclor 1268 ug/kg NE
Total PCB Aroclors ug/kg 1000

Notes:
This is a summary table. Only detected analytes are shown.
<0.010 = Not detected above the laboratory reporting limit
Bold = Detected above reporting limit
Blue highlighted cells exceed the 2013 RES DEC
RES DEC = Residential Direct Exposure Criteria
NE = Criteria has not been established
NS = Not sampled for this constituent
ug/kg = micrograms per kilogram

Unit 2013 RES DEC

U = The analyte was not detected above the detection limit

1-LT50-RA14(0.5-1)_LOC1 1-LT50-RA14(1-1.5)_LOC1 1-LT50-RA14(0.5-1)_LOC2 1-LT50-RA14(1-1.5)_LOC2
0.5 - 1 ft 1 - 1.5 ft 0.5 - 1 ft 1 - 1.5 ft

1-LT50-RA14(0.5-1)_LOC1 1-LT50-RA14(1-1.5)_LOC1 1-LT50-RA14(0.5-1)_LOC2 1-LT50-RA14(1-1.5)_LOC2
5/11/2021 5/11/2021 5/11/2021 5/11/2021
21E0666 21E0666 21E0666 21E0666

< 860 < 1900 < 92 < 4500
< 860 < 1900 < 92 < 4500
< 860 < 1900 < 92 < 4500
< 860 < 1900 < 92 < 4500
6600 12000 600 20000
< 860 < 1900 < 92 < 4500
< 860 < 1900 < 92 < 4500
< 860 < 1900 < 92 < 4500
< 860 < 1900 < 92 < 4500
6600 12000 600 20000

Page 2 of  2



















































Attachment 2
Updated Groundwater Elevation Evaluation 
Memo
Revised version included in Addendum #3



Attachment 3
Document Record



Greenwich High School
Document Record

May 2021

Title Date Consultant
Phase I Environmental Site Assessment 08/2011 DTC

Significant Environmental Hazard Report 11/2011 DTC

IRM Completion Report, Fields 6 & 7 01/2012 DTC

IRM Completion Report, Field 1 01/2012 DTC

MISA Investigation Report 01/2013 AECOM

Soil RAP, MISA Phase IIB 01/2012 AECOM

IRM Completion Report, Fields 3 & 4 01/2012 DTC

IRM Completion Report, Fields 2 & 5 01/2012 DTC

Soil RAP Addendum, MISA Phase IIB 04/2012 AECOM

MISA Response to Comments 08/2012 AECOM

MISA Soil RAP Phase IIA Construction Schedule 09/2012 AECOM

MISA: Email regarding waterproofing 11/2012 AECOM

Remedial Investigation Report 02/2013 AECOM

Arsenic Background Determination 03/2013 AECOM

Screening Level Ecological RA 02/2013 AECOM

Human Health RA 04/2013 AECOM

Arsenic Background Study 04/2013 AECOM

Focused Feasibility Study 04/2013 AECOM

Annual Groundwater Results 11/2013 AECOM

Remedial Action Plan 11/2013 AECOM

MISA Modification Request 12/2013 AECOM

Soil Re-use Request 01/2014 AECOM

Response to Comments, RAP 02/2014 AECOM

Response to Comments, RAP 10/2014 AECOM

MISA Soil RAP Addendum 02/2015 AECOM

Modification to Approved IRMs 05/2015 AECOM

Groundwater Monitoring Results 07/2016 AECOM

Response to Comments, RAP 07/2016 AECOM

Western Parking Lot Completion Report 12/2016 AECOM

Environmental Conditions Assessment Form 05/2017 AECOM

Screening Level Ecological RA Addendum 10/2017 AECOM

Data Gaps Investigation Work Plan 02/2018 AECOM

1 of 2



Greenwich High School
Document Record

May 2021

Title Date Consultant
Annual Progress Report – June 2017 to May 2018 07/2018 AECOM

Turf Sampling Summary Memo 06/2018 AECOM

Turf Sampling Summary Memo 08/2018 AECOM

Turf Remedial Action Report 01/2019 AECOM

Artificial Turf Field and Hydrogeologic Investigation Report 03/2019 AECOM

Completion of Investigation Report 05/2019 AECOM
Interim Remedial Action Plan (resubmitted as the Phase I
Remedial Action in 12/2019) 05/2019 AECOM

Engineered Control Variance Application 05/2019 AECOM

Annual Progress Report – June 2018 to May 2019 07/2019 AECOM
Remedial Action Completion Report – MISA Construction
Project 07/2019 AECOM
Response to Agency Comments and
Revised Phase I Remedial Action Plan 12/2019 AECOM

Revised Phase I RAP Addendum 04/2020 AECOM

LUST Closure Report 03/2020 Big East Environmental

Application for Groundwater Classification Change 05/2020 AECOM

Annual Progress Report – June 2019 to May 2020 09/2020 AECOM

Phase II Remedial Action Plan 01/2021 AECOM

Application for Engineered Control Variance 01/2021 AECOM

Request for Approval of Criteria for Additional Polluting
Substances and Certain Alternative Criteria 01/2021 AECOM

Phase I Remedial Action Plan Modification Request 02/2021 AECOM

Request for Reuse of Polluted Soil 02/2021 AECOM
Fields 6 & 7 Engineered Control Groundwater Monitoring
Update 02/2021 AECOM

Field 2 Scoreboard Notification 03/2021 AECOM

Phase II Remedial Action Plan Addendum #1 04/2021 AECOM

Phase II Remedial Action Plan Addendum #2 05/2021 AECOM

Notes:
Submitted after entrance to the Voluntary Program

2 of 2
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Ms. Kimberly Tisa 
PCB Coordinator – Region 1 
United States Environmental 
Protection Agency 
1 Congress Street, Suite 1100 
Boston, MA 02114-2023 
 

  AECOM 
500 Enterprise Drive 
Rocky Hill, CT 06067 
aecom.com 
 

 
June 2, 2021 
   
 

  
 

 
Phase II RAP Addendum #3 
Greenwich High School 
10 Hillside Road 
Greenwich, Connecticut  

 
Dear Ms. Tisa,  

 
On behalf of the Town of Greenwich, AECOM has prepared this addendum to the Phase II Remedial 
Action Plan (RAP) for the Greenwich High School property (the site) to address questions raised by DEEP 
and EPA via telephone subsequent to the submittal of Addendum #2 on May 19, 2021. This addendum 
presents additional detail of the Engineered Controls (ECs) to be constructed in conjunction with the 
installation of stormwater detention piping north of Field 4, a revised plan for post-excavation sampling, 

and clarification regarding the proposed reuse of onsite soils. 

Engineered Controls 

Based on discussions with DEEP, the vertical limits of ECs to be constructed north of Field 4 in 2021 have 

been updated as follows: 

• In grassy areas where the stormwater detention piping is to be installed north of Field 4, the EC 
will begin at 6 inches bgs and consist of (from top to bottom) a high-visibility demarcation layer, 
approximately a minimum of 12 inches of common fill, 6 inches of pipe bedding, 24 inches of 

piping/pipe bedding, 4 inches of pipe bedding, and an 8 oz. geotextile. 

• In grassy areas north of RA10, where detention piping is not installed, the need for an EC will be 

dependent upon the results of verification sampling. Where verification samples indicate the 
presence of constituents at concentrations exceeding Residential Direct Exposure Criteria (R 
DEC), excavations to a depth of two feet below ground surface will be extended laterally from the 
Field 4 construction area, as needed, and an EC constructed. This EC will begin at ground 
surface and be comprised of (from top to bottom) grass, 6 inches of topsoil, a high visibility 
demarcation layer, 18 inches of common fill/unrestricted reuse material, and a second high-

visibility demarcation layer.  

A cross section depicting the updated vertical extents of ECs beneath grass is provided as Figure 1. A 

summary of EC conditions, revised from RAP Addendum #2 for these two areas, is provided in Table 1.  

Post-Excavation Sample Plan 

The Phase II RAP proposed verification sampling of PCBs at excavation sidewalls at the edges of 
proposed ECs and supplemental sampling of PCBs at excavation bottoms in areas beneath ECs to 
document concentrations left in place. At the request of DEEP, additional post-excavation soil sampling 
will be performed to document concentrations on the base of the excavation and to ensure that soil in 
grassy areas located west and north of Field 4 do not contain constituent concentrations above R DEC. In 
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addition, in locations north and west of portions of Field 4 (RA10 and RA11), where limited investigation 
data was collected, three additional verification sidewall samples will be analyzed for pesticides, CT15 
metals, volatile organic compounds, semi-volatile organic compounds, and extractable total petroleum 
hydrocarbons, in addition to PCBs. A revised version of Figure 7-1 from the RAP, depicting post-

excavation sampling activities, is attached.  

Soil Reuse 

Site soils are proposed for reuse as backfill of Phase II remedial excavations. The various reuse situations 

proposed include: 

1. Reuse of approximately 4,000 cubic yards of polluted soils excavated during the construction of 
the Music Instructional Space and Auditorium (MISA) from 2014 to 2015. Polluted soils from the 
MISA footprint contain ETPH, PAHs, metals, and PCBs at concentrations above laboratory 
reporting limits but below the R DEC. These soils will be utilized as backfill either beneath the 
impermeable liner and above the water table. A reuse request for this soil was submitted to DEEP 

on February 11, 2021. 

2. Reuse of approximately 750 cubic yards of clean soil excavated during the renovation of Cardinal 
Stadium in 2021. Analytical data indicate that no compounds were detected above laboratory 
reporting limits. These soils will be utilized as backfill either beneath the impermeable liner and 

above the water table or beneath a top cover of 6 inches of topsoil in grassy areas. 

3. Reuse of approximately 800 cubic yards of soil containing trace amounts of pesticides excavated 
during the renovation of Cardinal Stadium in 2021. Analytical data indicate that chlordane is 
present at a concentration of 0.042 milligrams per kilogram (mg/kg). No other COCs were 
detected at concentrations above background levels. These soils will be utilized as backfill either 
beneath the impermeable liner and above the water table or beneath a top cover of 6 inches of 

topsoil in grassy areas. 

Locations where reuse soils were excavated from the Cardinal Stadium area are shown on Figure 3.  

Groundwater Elevation Evaluation 

The updated groundwater elevation evaluation memo included in Addendum #2 was missing page #8. A 

revised version is included herein as Attachment A.  

Please let us know if you have any questions or comments regarding this addendum.  

Kind regards, 

 
 
 
 

Patrick Haskell, LEP  
Technical Leader 
 

Michael Doherty, P.E. 
VP, Remediation 
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Attachments: 
Table 1 – Summary of Proposed Engineered Controls (Revised from Addendum #2) 
Figure 1 - Grass Area Engineered Controls Near Detention Piping North of Field 4 
Figure 2 – Cardinal Stadium Soil Excavation Areas 
Revised RAP Figure 7-1 
Attachment A – Updated Groundwater Elevation Evaluation Memo 

 

cc:  Jeff Wilcox, CT DEEP 
Gary Trombly, CT DEEP 

Ray Frigon, CT DEEP 
Amy Siebert, Town of Greenwich 

Toni Jones, Greenwich Public Schools 
Dan Watson, Greenwich Public Schools 

Jane Warren, McCarter & English 
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Revised 6/1/2021 Table 1

Summary of Proposed Engineered Controls

For 2021 Work

Greenwich High School

Restoration Area EC Description

Depth to Top of EC 

(inches bgs)

Thickness of EC 

(inches bgs) Detail Number

Synthetic Turf Field 4 - General

1. High Visibility Marker Fabric

2. 6" Dynamic Stone Base

3. Flat Drains/8 oz. Geotextile

4. 12" DGA

5. HDPE Geocomposite

6. LLDPE Membrane Liner 

Below the turf field 

shockpad
18 inches 1

Synthetic Turf Field 4 - Perimeter Perforated 

Stormwater Piping

1. High Visibility Marker Fabric 

2. Approx. 18" Dynamic Stone Base

3. 12" HDPE Perforated Pipe

4. HDPE Geocomposite

5. LLDPE Membrane 

Below the turf field 

shockpad
30 inches 1

Grass Area - Solid Stormwater Conveyance 

Pipes (No Impermeable Liner) 

1. 6" Topsoil

2. High Visibility Geotextile 

3. Approx. 18" Common Fill/Pipe Bedding

4. 12" HDPE Pipe 

5. High Visibility Geotextile

Surface 30 inches 1

Grass Area - 2 foot Excavation in RA12 and 

north of RA10 (if excavation is necessary)

1. 6" Topsoil

2. High Visibility Geotextile

3. 18" common fill/unrestricted reuse material

4. High Visibility Geotextile

Surface 24 inches 1 & 2

Grass Area - Detention Piping North of Field 4

1. 6" Topsoil

2. Geotextile

3. Min. 12" Common Fill

4. 6" Pipe Bedding

5. 24" Pipe/Pipe Bedding

6. 4" Pipe Bedding

7. 8 oz. Geotextile

Surface 52 inches (min.) 2

Grass Area - 6 foot Excavation in RA16
1. High Visibility Geotextile

2. 54" of common fill/unrestricted reuse material
18 inches 54 inches 3

Newly Restored Asphalt Walkway in RA16

1. 4" Asphalt

2. 12" Subgrade

3. High visibility geotextile

4. 56" of common fill/unrestricted reuse material

Surface 72 inches 4

Notes:

Details #1, 3 and 4 included in RAP Addendum #2.

Detail #2 revised 6/1/21 and included in RAP Addendum #3. Revisions shown as red text. 
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Subject:  Groundwater Elevation Evaluation  

Phase II Remediation Design 

Greenwich High School 

 

1. Introduction 

AECOM has prepared this technical memorandum to evaluate the elevation of groundwater over time in the area 

where the installation of an impermeable liner is proposed as part of an Engineered Control overlying 

contaminated soil beneath Fields 3 and 4 and the area located between the fields and the western parking lot at 

Greenwich High School.  

The existing drainage system below Fields 3 and 4 consists of 12-inch perforated drains present at elevations 

ranging from approximately 50.1 feet to 48.2 feet under Field 3 and 49.0 feet to 48.0 feet (NAVD 88) under 

Field 4. Field observations and analytical data indicate that groundwater occasionally enters the perforated 

drains under Field 3 and, less often, enters the perforated drains under Field 4. The proposed remediation 

design will utilize an impermeable liner to prevent stormwater from entering the field drains which discharge to 

West Brothers Brook.  

The impermeable liner will be installed at elevations ranging from 51.0 feet (NAVD 88), along the perimeter of 

the fields to 56.1 feet (NAVD 88), where the impermeable liner meets the retaining wall along the western edge 

of the Western Parking Lot. A geocomposite field drain will be installed directly beneath the impermeable liner 

and will drain to six-inch slotted groundwater collection pipes installed at the edges of the impermeable barrier. 

The bottom of the 6-inch slotted collector pipes will be at an elevation of approximately 50.5 feet. As shown in 

Figure 1, the groundwater collector pipes are only located at the eastern and western edges of Fields 3 and 4. 

Groundwater that approaches the bottom of the impermeable liner will be collected through the geocomposite 

drainage blanket and underdrains to prevent hydraulic pressure from damaging the liner during high water table 

periods. Groundwater collected will be routed to a series of tanks that are expected to be pumped-off via tanker 

truck for treatment and disposal. The purpose of this evaluation is to determine whether a groundwater treatment 

system is required to more frequently manage groundwater recovered by the field drain network, based on 

groundwater elevation data previously collected at the site.  

2. Background 

A detailed evaluation of the artificial turf field layers was performed in 2017 and 2018 as part of the Artificial Turf 

Field and Site Hydrogeological Investigation (AECOM, 2019). It was concluded that while the layers of the 

artificial turf fields allow infiltration, they reduce the amount of it directly below the fields by allowing precipitation 

to flow to the edges of the fields through a permeable drainage blanket, which discharges into perforated 

drainage pipe and stone trenches that surround Field 4 and three sides of Field 3. The compact stone base is 

also in communication with the gravel trenches, allowing water to drain from this layer to the trenches when the 

infiltration capacity of the underlying fill material is exceeded. Water that flows horizontally to the drainage 

trenches and does not infiltrate there is directed to two outfalls on West Brothers Brook via the perforated pipe 

(AECOM, 2019).   
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3. Methods 

Solinst© Levelogger pressure transducers have been used at the site to continuously record water levels and 

temperature in select monitoring wells since 2017. The pressure transducer network has been reconfigured 

multiple times. Pressure transducers are currently installed at eight shallow monitoring wells located around 

Fields 3 and 4 including wells MW-Y9, MW-AA12, MW-AJ13, MW-AM16, MW-Y15, MW-AG10, MW-AL10, and 

MW-AE8. When pressure transducers are installed in the monitoring wells, the top of the PVC is left open to 

allow for the Levelogger to measure atmospheric pressure and thereby determine the changes in water table 

elevation, corrected for barometric pressure changes.  

The existing pressure transducer network and footprint of the proposed impermeable barrier are shown on 

Figure 1. Continuous groundwater elevation measurements are plotted and compared to groundwater 

temperature and total daily rain amounts in the attached Figures 2 through 10. Data for total daily rain amounts 

for the Stamford 4.2 Station were obtained from the National Oceanic and Atmospheric Administration (NOAA).  

4. Data Summary 

Table 1 summarizes the relevant groundwater elevation statistics for each of the eight monitoring wells in or near 

Fields 3 and 4. All groundwater elevations inside the subject area were converted from the 1929 National 

Geodetic Vertical Data (NVGD 29), to which the monitoring well measuring points are reference, to the 1988 

North American Vertical Datum (NAVD 88), in which the engineering design was developed, by subtracting 1.1 

feet. A 99.9th percentile upper value of groundwater elevations measured at each monitoring well was also 

calculated to filter out transient spikes in water level due to rainwater entering the well casing during precipitation 

events. The 99.9th percentile groundwater elevations are also shown on Figure 1. The following sections 

describe the long-term patterns and anomalies observed at each monitoring well. All elevations are given in 

NAVD 88. It is noted that elevations shown in Figures 2 through 10 are given in NVGD 29 and a conversion 

factor is provided. The propose of Figures 2 through 10 are to show the relative increases and decreases in 

groundwater elevations alongside rainfall and temperature measurements.  

These figures provide a means of evaluating which groundwater elevations measurements are transient in 

response to rainfall and also indicate when changes are the result of stormwater directly entering the well casing 

rather than infiltrating through the subsurface. Rapid temperature changes that correlate with rainfall are 

indicative of rainwater entering the well directly, rather than infiltrating. When rainwater infiltrates through the 

ground down to the water table, it has a temperature proximate to the ground temperature, as opposed to 

stormwater directly entering the well, which has a temperature proximate to the air temperature. Observations of 

changes in water level that are indicative of rainwater directly entering the well are noted below, along with 

observations of changes in actual groundwater elevation observed in the data.   

4.1.1 MW-AA12 

MW-AA12 is located under Field 3, towards the southern end of the field. Relevant information for MW-AA12 is 

summarized below: 

• The top of PVC elevation is 52.55 feet.   

• The average groundwater elevation is 47.21 feet. 

• The maximum groundwater elevation is 52.6 feet, which is at the top of PVC elevation and indicative of 

direct rainwater infiltration. 

• The 99.9th percentile groundwater elevation is 50.15 feet. 

• MW-AA12 is heavily influenced by rain events. Data points approaching or exceeding 50.5 feet correspond 

to increases or decreases in groundwater temperature and elevated daily rain totals, indicating these spikes 

are caused by rainwater entering the well through the top of the PVC.  An example of an event where 

rainwater directly entered the well casing is summarized below: 

─ 4/16/2018 through 4/17/2018 (total of 2.68 inches rain recorded) 
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▪ Starting elevation (EL) = 46.64 feet on 4/16/2018 @ 1:08 AM   

▪ Max EL = 51.37 feet  on 4/16/2018 @ 10:53 AM. Elevation exceeds 50.5 feet for approximately 5 

hours.  

▪ Return to stable EL (48.05 feet) on 4/18/18 @ 2:23 PM 

• The water level at MW-AA12 did not approach or rise above 50.5 feet except when rainwater directly 

infiltrated the well casing. 

• A slug test performed in April 2018 indicated that the water level responded too rapidly to quantify, indicating 

that the local formation is highly permeable. 

• PCBs are present in groundwater at MW-AA12 at concentrations exceeding the GWPC and SWPC. The 

average PCB concentration is 3.1 µg/L and the maximum is 16.1 µg/L.  

These data indicate that the groundwater elevation in the vicinity of well MW-AA12 has not approached the level 

of the proposed passive groundwater drain beneath Field 3, indicating that this area is unlikely to contribute flow 

to the passive groundwater collection system.  

4.1.2 MW-AJ13 

MW-AJ13 is located under Field 4, towards the southern end of the field. Relevant information for MW-AJ13 is 

summarized below: 

• The top of PVC elevation is 52.69 feet . 

• The average groundwater elevation is 44.36 feet. 

• The minimum groundwater elevation is 42.64 feet. 

• The maximum groundwater elevation is 49.02 feet. 

• The 99.9th percentile groundwater elevation is 47.64 feet. 

• MW-AJ13 is approximately 30 feet north of a field drain running east to west between Fields 3 and 4.  

• Peaks in groundwater elevation correspond to rain events. Peak groundwater elevations do not approach 

the impermeable barrier design elevation. 

• A slug test performed in April 2018 determined an average hydraulic conductivity (K) of 1.52E-03 cm/s or 

4.3 ft/day. 

• PCBs are present in groundwater at MW-AJ13 at concentrations exceeding the GWPC and SWPC. The 

average PCB concentration is 3.5 µg/L and the maximum is 15.1 µg/L. 

These data indicate that the groundwater elevation in the vicinity of well MW-AJ13 has not approached the level 

of the proposed passive groundwater drain beneath Fields 3 and 4, indicating that this area is unlikely to 

contribute flow to the passive groundwater collection system.  

4.2 MW-AM16 

MW-AM16 is located in natural grass in Field 5. MW-AM16 is 27 feet east of Field 4. Relevant information for 

MW-AM16 is summarized below: 

• The top of PVC elevation is 52.36 feet. 

• The average groundwater elevation is 45.16 feet. 

• The minimum groundwater elevation is 42.10 feet. 

• The maximum groundwater elevation is 48.71 feet. 
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• The 99.9th percentile groundwater elevation is 48.10 feet.  

• Peaks in groundwater elevation correspond to rain events. Peak groundwater elevations do not approach 

the impermeable barrier design elevation.   

• A slug test performed in April 2018 determined an average hydraulic conductivity (K) of 1.04E-02 cm/s or 

29.5 ft/day.  

• PCBs are typically detected in groundwater at concentrations less than the GWPC and SWPC. The average 

PCB concentration is 0.1 µg/L and the maximum is 0.54 µg/L.  

These data indicate that the groundwater elevation in the vicinity of well MW-AM16 has not approached the level 

of the proposed passive groundwater drain beneath Field 4, indicating that this area is unlikely to contribute flow 

to the passive groundwater collection system.  

4.3 MW-Y9 

MW-Y9 is located in natural grass 50 feet south of Field 3. Relevant information for MW-Y9 is summarized 

below: 

• The top of PVC elevation is 50.37 feet. 

• The average groundwater elevation is 48.52 feet. 

• The minimum groundwater elevation is 40.41 feet. Sudden drops in groundwater elevations at this well are 

a result of drawdown during low flow sampling. 

• The maximum groundwater elevation is 50.57 feet (which is greater than the top of PVC elevation). 

• The 99th percentile groundwater elevation is 50.15 feet.  

• A slug test performed in April 2018 determined an average hydraulic conductivity (K) of 7.23E-03 cm/s or 

20.5 ft/day. 

• As evaluated in the 2017 Hydrogeologic study, the water level in well MW-Y9 exceeded the reference top of 

PVC elevation  on March 2018 (3/3/2018) for about 10 hours during a precipitation event before continued 

infiltration of rainwater allowed the water table to decline. Well MW-Y9 is located in an area where ponded 

rainwater has been observed in the past, and this high groundwater elevation is indicative of the ponded 

water having reached the local infiltration capacity and generated saturated conditions throughout the 

subsurface in that area (AECOM, 2019). At no other time between 3/3/2018 and 4/6/2020 did the 

groundwater elevation exceed the reference elevation.  

• Prior to filling of the wetlands, the area of MW-Y9 formed a headwater of a stream, which may be indicative 

of groundwater discharge from bedrock uplands in this area.  

• There is no artificial turf field drain running east to west at the southern end of Field 3. 

• PCB concentrations in groundwater at MW-Y9 are generally not detectable. The maximum PCB 

concentration detected is 0.026 µg/L, which is well below the SWPC and GWPC. 

These data indicate that the groundwater elevation in the vicinity of well MW-Y9 has approached the level of the 

proposed passive groundwater drain beneath Field 3 on one occasion in the past three years, indicating that 

there is the potential for this area to contribute flow to the passive groundwater collection system but that it will 

only occur episodically for short periods of time.  

4.4 MW-Y15 

MW-Y15 is located in natural grass within a soil berm between Field 3 and the Western Parking Lot. MW-Y15 is 

approximately 45 feet southeast of Field 3. Relevant information for MW-Y15 is summarized below: 
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• The top of PVC elevation is 56.48 feet. MW-Y15 casing was raised above the height of the surrounding soil 

stockpile in 2015.  

• The average groundwater elevation is 45.07 feet. 

• The minimum groundwater elevation is 42.78 feet. Sudden drops in groundwater elevations at this well are 

a result of drawdown during low flow sampling. 

• The maximum groundwater elevation is 46.20 feet. 

• The 99.9th percentile groundwater elevation is 45.93 feet.  

• Peaks in groundwater elevation correspond to rain events although impacts from rainwater are minimal. 

Peak groundwater elevations do not approach the impermeable barrier design elevation. 

• A slug test performed in April 2018 determined an average hydraulic conductivity (K) of 5.39E-03 cm/s or 

15.3 ft/day. 

• PCBs are present in groundwater at MW-Y15 at concentrations exceeding the GWPC and SWPC. The 

average PCB concentration is 11.6 µg/L and the maximum is 21 µg/L. 

These data indicate that the groundwater elevation in the vicinity of well MW-Y15 has not approached the level 

of the proposed passive groundwater drain beneath Field 3, indicating that this area is unlikely to contribute flow 

to the passive groundwater collection system.  

4.5 MW-AH16R 

MW-AH16R is located on the western edge of the Western Parking Lot. Relevant information for MW-AH16R is 

summarized below: 

• The top of PVC elevation is 47.47 feet. 

• The average groundwater elevation is 46.40 feet. 

• The minimum groundwater elevation is 40.46 feet. Sudden drops in groundwater elevations at this well are 

a result of drawdown during low flow sampling. 

• The maximum groundwater elevation is 48.33 feet (which is greater than the top of PVC elevation). 

• The 99.9th percentile groundwater elevation is 48.01 feet.  

• MW-AH16R is located below the soil berm between Field 4 and the Western Parking Lot (outside the 

footprint of the impermeable barrier). MW-AH16R receives runoff from the soil berm. This runoff is likely the 

cause of the high groundwater elevations observed at this well. Peak groundwater elevations do not 

approach the impermeable barrier design elevation, which is higher in this area due to the retaining wall.  

• PCBs are present in groundwater at MW-AH16R at concentrations exceeding the GWPC and SWPC. The 

average PCB concentration is 13.5 µg/L and the maximum is 37.6 µg/L. 

These data indicate that the groundwater elevation in the vicinity of well MW-AH16R has not approached the 

level of the proposed passive groundwater drain beneath Fields 3 and 4, indicating that this area is unlikely to 

contribute flow to the passive groundwater collection system.  

4.6 MW-AG10 

MW-AG10 is located under Field 3, towards the northern end of the field. Relevant information for MW-AG10 is 

summarized below: 

• The top of PVC elevation is 51.77 feet.  

• The average groundwater elevation is 47.04 feet. 
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• The minimum groundwater elevation is 45.30 feet. Sudden drops in groundwater elevations at this well are 

a result of drawdown during low flow sampling. 

• The maximum groundwater elevation is 47.66 feet. 

• The 99.9th percentile groundwater elevation is 47.63 feet.  

• Based on temperature readings, rainwater does not enter MW-AG10 through the top of the PVC (road box 

does not fill up with rainwater).  

• Groundwater elevations at MW-AG10 do not approach the impermeable barrier design elevation. 

• PCBs are typically detected in groundwater at concentrations less than the GWPC and SWPC. The average 

PCB concentration is 0.1 µg/L and the maximum is 0.52 µg/L.  

These data indicate that the groundwater elevation in the vicinity of well MW-AG10 has not approached the level 

of the proposed passive groundwater drain beneath Field 3, indicating that this area is unlikely to contribute flow 

to the passive groundwater collection system.  

4.7 MW-AL10 

MW-AL10 is located in the grass area, approximately 10 feet to the west of Field 4. Relevant information for MW-

AL10 is summarized below: 

• The top of PVC elevation is 51.45 feet. 

• The average groundwater elevation is 45.45 feet. 

• The minimum groundwater elevation is 40.30 feet. Sudden drops in groundwater elevations at this well are 

a result of drawdown during low flow sampling. 

• The maximum groundwater elevation is 48.75 feet. 

• The 99.9th percentile groundwater elevation is 48.25 feet.  

• A perforated drain runs along the western edge of Field 4, approximately 10 feet to the east of MW-AL10. 

Stormwater which falls on turf Field 4 is redirected to the perimeter of the field.  

• The concrete lined channel west of MW-AL10 prevents discharge of groundwater to the West Brothers 

Brook.  

• PCB concentrations in groundwater at MW-AL10 have not exceeded the GWPC or SWPC. The average 

PCB concentration is 0.008 µg/L and the maximum is 0.03 µg/L. 

These data indicate that the groundwater elevation in the vicinity of well MW-AL10 does not reach the level of 

the proposed passive groundwater drain beneath Field 4.  

4.8 MW-AE8 

MW-AE8 is located in the grass area, approximately 28 feet to the west of Field 3. Relevant information for MW-

AE8 is summarized below: 

• The top of PVC elevation is 50.89 feet.  

• The average groundwater elevation is 44.77 feet. 

• The minimum groundwater elevation is 43.81 feet.  

• The maximum groundwater elevation is 47.83 feet. 

• The 99.9th percentile groundwater elevation is 47.75 feet.  
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• Peaks in groundwater elevation correspond to rain events. Peak groundwater elevations do not approach 

the impermeable barrier design elevation. 

• PCB concentrations in groundwater at MW-AE8 have not exceeded the GWPC or SWPC. The average 

PCB concentration is 0.04 µg/L and the maximum is 0.19 µg/L. 

These data indicate that the groundwater elevation in the vicinity of well MW-AM16 has not approached the level 

of the proposed passive groundwater drain beneath Field 4, indicating that this area is unlikely to contribute flow 

to the passive groundwater collection system.  

5. Summary and Recommendations 

At one monitoring well, MW-Y9, maximum groundwater elevations have approached or exceeded the proposed 

impermeable barrier design elevation in the past three years of water level monitoring. On each occasion, the 

rise in groundwater levels was a temporary response to rainfall that quickly attenuated. These data suggest that 

the proposed passive groundwater collection drain with intercept groundwater rarely. 

A summary table providing key information for each well where maximum groundwater elevations approach or 

exceed 50.5 ft is shown below.  

Table 2: Summary Table of Design Elevation Exceedances 

 

 

Monitoring 

Well 

 

 

Location of 

Well 

Average PCB 

Concentrations 

in 

Groundwater 

Number of 

Times 

Groundwater 

Elevation 

Exceeded 50.5 ft 

Time groundwater 

Elevation 

Exceeded 50.5 ft 

Considerations 

MW-AA12 
Under artificial 

turf Field 3 
3.1 ppb 8 events 

Varies from 0.25 to 5 

hours 

PVC fills up with 

rainwater. Evident 

from exceedance 

durations, water 

temperatures, and 

field observations.  

 

Actual groundwater 

elevation does not  

exceed lowest 

elevation of field 

drainage system 

MW-Y9 

In natural grass 

southwest of 

Field 3 

Non-detect 

(maximum = 

0.026 ppb) 

1 event – 2.00 

inches rainfall 
3/2/2018 – 4 hrs 

~40 feet south of 

proposed liner and 

field drainage 

 

Based on the evaluation of groundwater elevations at monitoring wells in and surrounding the area of the 

proposed impermeable liner, it is assumed that insignificant groundwater collection by the membrane liner and 

associated groundwater underdrain will occur. Since groundwater may rise to elevations greater than 50.5 feet 

during intense rainfall events, subsurface groundwater storage vessels will be incorporated into the remediation 

design and monitored via a telemetry system. Collected groundwater will be analyzed for waste characterization 

parameters and pumped-off via tanker truck for treatment, if necessary.  

Following installation of the impermeable liner, episodic response to rainfall events is expected to decrease, due 

to the reduction of infiltration. However, groundwater levels may be affected by the removal of the field drains, 

which currently appear to intercept groundwater during high water-level conditions and may therefore have a 

moderating influence on groundwater levels. The passive drain beneath the impermeable liner will serve a 

similar function. If it intercepts more groundwater than anticipated based on this analysis, a groundwater 
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treatment system can be installed near the groundwater collection tanks to treat and discharge groundwater to 

the sanitary sewer. 

6. References 

AECOM, 2019. Artificial Turf Field and Site Hydrogeological Investigation Report. Greenwich High School, 

Greenwich, CT. Rocky Hill, CT: AECOM. February 2019. 
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Table 1
Groundwater Elevation Summary Statistics

December 2020
Revised May 2021

Greenwich High School
10 Hillside Road

Greenwich, CT

Well ID Summary Data
Start Date

Summary Data End
Date

Well Reference
Elevation (feet)

Average Groundwater
Elevation (feet)

Minimum Groundwater
Elevation (feet)

Maximum Groundwater
Elevation (feet)

99th Percentile Groundwater
Elevation (feet)

99.9th Percentile
Groundwater Elevation (feet)

Average PCB Concentration
(µg/L)

MW-AA12 3/1/2018 4/6/2020 52.55 47.21 45.10 52.60 48.81 50.16 3.12

MW-AJ13 4/12/2017 4/6/2020 52.69 44.36 42.64 49.02 47.06 47.64 3.52

MW-AM16 4/12/2017 4/6/2020 52.36 45.16 42.10 48.71 47.53 48.10 0.10

MW-Y9 4/12/2017 4/6/2020 50.37 48.52 40.41 50.57 49.91 50.15 0.02

MW-Y15 4/12/2017 4/6/2020 56.48 45.07 42.78 46.20 45.70 45.93 11.60

MW-AH16R 2/26/2019 4/6/2020 47.47 46.40 40.46 48.33 47.69 48.01 13.34

MW-AG10 2/26/2019 4/6/2020 51.77 47.04 45.30 47.66 47.54 47.63 0.10

MW-AL10 2/26/2019 4/6/2020 54.35 48.35 43.20 51.65 49.90 51.15 0.008

MW-AE8 10/22/2019 4/6/2020 50.89 44.77 43.81 47.83 46.74 47.75 0.04

Notes
1. Groundwater elevations are in NAVD 88 datum.
2. MW-AL10 reference elevation revised from 54.45 feet to 51.48 feet based on survey 
data collected in April 2021.

51.45 45.45 40.30 48.75 47.00 48.25
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Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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MW−Y9 Reference Elevation = 51.47 ft MSL                                     
MW−Y9D Reference Elevation = 51.71 ft MSL                                     

Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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Figure 6
MW­Y15 & MW­Y15D
Shallow/Deep Groundwater
Temperature and Elevation
Greenwich High School
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Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88

Figure 7 - MW-AL10 Groundwater Elevation and Temperature Greenwich High School
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Figure 8 - MW-AG10 Groundwater Elevation and Temperature Greenwich High School

Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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Figure 9 - MW-AE8 Groundwater Elevation and Temperature Greenwich High School

Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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Figure 10 - MW-AH16R Groundwater Elevation and Temperature Greenwich High School

Note: Elevations shown in NGVD 29. 
Site conversion factor: NGVD 29 - 1.1 = NAVD 88
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