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VIIL. HYDROGEOLOGIC ASSESSMENT REPORT

As stated in DRGSW Section 4.2.1.5, a hydrogeological assessment investigation must be
performed and a report must be presented and signed by a Delaware Professional Geologist.
Accordingly, Blazosky Associates, Inc., prepared a Hydrogeologic Assessment Summary in
October 2004, Revised in 2005, for Delaware Recyclable Products, Inc., (DRPI) as part of the Cell
6 expansion and it is included on CD along with Attachments VII-1 to -10.

Summary tables for historical groundwater elevations and quality data from 1995 through 2017
from the DRPI Industrial Waste Landfill 2017 Annual Report prepared by Taylor Geoservices on
February 28, 2018, are presented as Attachment VII-11. Current groundwater contour maps from
the 2017 Annual Report (Taylor, 2018) are also included in Attachment VII-11.

ME1571/MD18024 V-1 July 2018
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HYDROGEOLOGIC ASSESSMENT REPORT
AND
ATTACHMENTS VII-1 TO VII-10,
BY BLAZOSKY ASSOCIATES, INC.,
2004, REVISED FEBRUARY 2005



T%}/EO” @@Qﬁ@f\!éﬁ%ﬁ, MNC. Geology, Biology, Environnienial & Mapping Services
038 Lincoln Avenue, Suite 203, Springfield, PA 19081 e Phone: 610-543-1590 &  Fax 610-543-3374

Via Overnight Delivery

October 18, 2004

Mr. David Espinoza
GeoSyntec, Inc.

10015 Old Columbia Road
Suite A-200

Columbia, MD 21046
(410) 381-4333

RE: DRPIIndustrial Waste Landfill
Proposed Cell 6 Expansion Hydrogeologic Assessment Summary
Final Document

Dear David:

Please find enclosed 6 copies of the above ceferenced final report document. Three of these are
the revised versions of the document that you returned to me and three are the additional new
copies that you requested. I believe Jeff Shanks has one of the original documents that was sent
to you in August of this year. T will work directly with Jeff to make the necessaty revisions to
his copy so that it is update with the enclosed versions.

David, if you have any question regarding the content of the documment, pleas feel free to contact
me directly at Taylor GeoServices. Thank you.

Sincerely,

Taylor GeoServices, Inc.

/ :
)A7,-b7’ /0 / L

Andrew J. Sokol, P.G.
Project Technical Consultant
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WASTE MANAGEMENT

DELAWARE RECYCLABLE PRODUCTS, INC.
DRPI INDUSTRIAL WASTE LANDFILL

PROPOSED DISPOSAL CELL 6 EXPANSION
HYDROGEOLOGIC ASSESSMENT SUMMARY

CERTIFICATION STATEMENT

On behalf of Waste Management Blazosky Associates, Inc. (BAI), has prepared this
Hydrogeologic Assessment Summary for the proposed Disposal Cell 6 Expansion at the
Delaware Recyclable Products, Inc. (DRPI) Industrial Waste Landfill.

This Report has been prepared using newly acquired geologic and hydrogeologic
information acquired by BAI as well as historic data that was previously acquired by others and
which was accepted by the Delaware Department of Natural Resources and Environmental
Control (DNREC)

The relevant information pertaining to site-specific geologic and hydrogeologic conditions

contained within this document has been reviewed by a professional geologist registered in the
state of Delaware. The seal and signature of the professional geologist are affixed below.

Signature: M’ /M/ ' Date: li@@i

Andrew Sokol P.G.

State of Delaware
Professional Geologist Registration Number S4-0000974
Expiration Date September 30, 2006

Waste Management DRFI Proposed Cell 6 Expansion Prepared. October 18, 2004
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WASTE MANAGEMENT

DELAWARE RECYCLABLE PRODUCTS, INC.
DRPI INDUSTRIAL WASTE LANDFILL

PRCOPOSED DISPOSAL CELL 6 EXPANSION
HYDROGEOLOGIC ASSESSMENT SUMMARY

NARRATIVE
1.0 Introduction

The Delaware Recyrlable Products, Inc. (DRPI) Industrial Waste Landfill is located in
Minquadale Borough, New Castle County, in Northern Delaware. The site location is
approximately two miles sauth of Wilmington, Delaware along U.S. Route 13 and to the south
of Interstate 495 and the Christina River (refer to Figure 1, Site Location Map). The site has
been an active landfill since approximately 1983 and currently consists of five disposal cells.
Prior to this, the area occupied by the DRPI Landfill was a sand and gravel quarry, which began
operation sometime in the late 1940s or early 1950s. A separate diy waste landfill also exists
immediately to the south of the DRPI Landfill and was operated by the Petrillo Brothers, Inc.
(Petrillo) from the late 1970s through the late 1980s. Two other industrial properties also exist
betwéen the DRPI and Petrillo sites.

~As indicated during several meetings and through active communications with the
Delaware Department of'I‘»Jsa;furaI Resources and Environmental Control (DNREC), DRPI is
seeking to expand the DRPI Landfill to the south over the Petrilio Dry Waste Landfill and the
other two industrial properties. As part of this landfill expansion permitting effort, DRPI
contracted with Blazosky Associates, Inc. (BAI) to conduct the hydrogeologic assessment
portion of the solid waste disposal permit application.

The purpose of this report is to summarize the existing geologic and hydrogeologic data
and present some limited new data that was acquired as part of this permitting process. The
scope of the hydrogeologic assessment work for the proposed Disposal Cell 6 expansion was
presented to DNREC in a work plan dated August 8, 2003. This work plan was ultimately
approved by DNREC with some minor medifications via a comment letter dated September 11,
2003.

Because the DRPI Landfill has been in operation for several years and has expanded

twice since its inception, a significant amount of geologic and hydrogéologic information already
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exists for the site. Additionally, as part of groundwater evaluation work required by DNREC for
closure, several geologic and hydrogeologic investigations have also been conducted on the
Petrillo Dry Waste Landfill property. Therefore, since the proposed Cell 6 Expansion Area is
located immediately adjacent to the existing permitted DRPI disposal area and on the Petrillo
Dry Waste Landfill, subsurféce information from the previous investigations conducted on both
sites was extensively relied upon in the preparation of this document. The only new
information presented in this document includes subsurface and groundwater quality data
collected from three new monitoring wells, which were installed within the proposed Disposal
Cell 6 Expansion Area in November and December 2003. Supplemental hydrogeologic test data
was also collected from several wells and piezometers located throughout the proposed
expansion area and is presented herewith.

The locations of the piezometers, monitoring wells and other subsurface monitoring
installations ﬁsed to prepare this permit application, are shown on both of the attached
groundwater contour maps for the shallow (Figure 2) and deep (Figure 3) flow systems. Drill
logs for the three new monitoring wells that were installed in 2003 and data from single well
drawdown and slug tests are included in Attachments 1 and 2 respectively. Drill logs and other
subsurface data collected during previous investigations can be found within several documents
that were previously submitted to DNREC by various entities. A list of these documents is
presented in Section 4.0 of this report.

Additionally, a geologic fence diagram has been developed for the proposed expansion
area and is based on site-specific test boring information. All of the attached figures, the above
summarized data and this narrative report together form the hydrogeologic assessment

summary for the proposed Disposal Cell 6 expansion.

2.0 Petrillo Site History

As depicted on the attached groundwater contour maps, a sizable portion of the
proposed Cell 6 Expansion Areas lies mostly on top of the former Petrillo Dry Waste Landfill.
Therefore, a brief discussion regarding the history of this landfill is warranted.

Based on information provided within the 1989 Operation and Closure Plan prepared by
Duffield Associates, the Petrillo Dry Waste Landfill began operating in the late 1970s or early

1980s as a construction and demolition debris landfill. The entire original Petrillo site is

Waste Management DRPI Proposed Cell 6 Expansion Prepared: October 13, 2004
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described as being 43-acres in size, however, only approximately 21-acres were used for
landfilling. Following several operational changes and orders from DNREC to cease landfilling,
the Petrillo site was closed in 1989. A closure plan was developed and included plans for final
grading and revegetation of the site, the installation and monitoring of groundwater wells and
gas vents, and post closure maintenance.

Currently there is a large-scale concrete mixing plant located in the northcentral portion
of the Petrillo property. Although this plant is no longer operational, much of the infrastructure
associated with it still remains. The other portions of the site are littered with scrap steel items
ranging from cement mixers to steel beams. The land surface is also poorly vegetated in some
areas with concrete wastes exposed at the surface, especially along the southern boundary

where there is a steep scarp forming a ravine through which an intermittent stream flows.

3.0 Regional and Local Settings

As presented within the October 1994 GeoSyntec report, the DRPI landfill and the
proposed Cell 6 Expansion Area lie entirely within the Atlantic Coastal Plain Physiographic
Province. Also as presented within that report, the two prevalent geologic units in the area are
the Cretaceous Potomac Formation, which is unconformably overlain by the Pleistocene
Columbia Formation. A more detailed description of these formations as they occur on the
DRPI site is presented in subsequent sections of this report.

- The sites are also situated between the Delaware and Christina Rivers. The Christina
River flows to the north of the site on the north side of Interstate 1-495. A large tidal marsh
that is directly connected to the Christina River lies immediately to the west of the DRPI
Disposal Cell 5. Based on topography of the site and observed groundwater flow directions
within the upper most flow zone, shallow groundwater and surface water ultimately discharge
to these two points. The Delaware River, which lies approximately 2.8 miles to the east and
also 3.6 miles to the south of the DRPI site is the discharge point for the regional groundwater
flow system.

Other features within the proposed expansion area include an active steel fabrication
facility (Summit Steel Corporation), a portion of which was once used to process municipal
waste incinerator ash material. According to DNREC records, the waste ash processing area of

this property was properly cleaned and no further action letter was reported issued to Summit

Waste Management DRPI Proposed Cell 6 Expansion Prepared: October 13, 2004
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Steel. The Summit Steel facility is located within a topographically low area between the DRPI
Landfill site and the Petrillo Dry Waste Landfill. A section of Marsh Lane also traverses between
the two landfills in an east-west direction. At its eastern end, this road lies within a broad

ravine with a local relief of about 40 feet.

4.0 Site Specific Geology/Hydrogeology

The geology/hydrogeology of the DRPI and Petrillo properties has been well
documented through several prior investigations. The results of these investigations are

summarized in the following reports:

» Hydrogeologic Assessment Report for Proposed Cell 4, Delaware Recyclable Products,
Inc., October 1994, GeoSyntec Consultants, Atlanta, Georgia

e Hydrogeologic Assessment, C&J Associates Permit Application, March 1993, WIK
Associates, Inc, New Castle, Delaware.

o Landfill Closure Report, Petrillo Dry Waste Landfill, New Castle, Delaware, November
1999, Duffield Associates, Inc. Wilmington, Delaware.

o Supplemental Combined Site Groundwater Characterization Report, DRPI Industrial
Waste Landfill and Petrillo Brothers, Inc. Dry Waste Landfill, November 2000, Blazosky
Associates, Inc., Valley Forge, Pennsylvania.

e Groundwater Analytical Data Summary, DRPI Industrial Waste Landfill, October 1999,
Blazosky Associates, Inc., Valley Forge, Pennsylvania.

e lower Potomac Aquifer Groundwater Characterization, Petrillo Brothers Dry Waste
Landfill, October 2001, Blazosky Associates, Inc. Valley Forge, Pennsylvania.

o Revised Site Wide Subsurface Monitoring Installation Summary, Waste Management,
DRPI Industrial Waste Landfill June 1999, Revise June 2002, Blazosky Associates, Inc.

Valley Forge Pennsylvania.
In summary, the work documented in these reports demonstrates that unconsolidated
sands, silts and clays of the Columbia and Potomac Formations, underlie the proposed Cell 6
expansion area. These formations unconformably overlie the Wissahickon schist (GeoSyntec,
1994). Sands and gravels of the Columbia Formation remain in thin remnants across the
Petrillo property and are absent from most all of the DRPI property as the result of decades of

surface mining. As documented in several of the above reports, the Potomac Formation

Waste Management DRPI Proposed Cell 6 Expansion Prepared. October 13, 2004
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consists of sands, silts and clays and is divided into two separate units, the Upper Potomac and
the Lower Potomac. As described further in the following section of this summary, much of the

upper unit is absent from the area of concern.

5.0 Stratigraphic Evaluation

As described within the previous subsurface investigation reports conducted for DRPI
(GeoSyntec, 1994) and the Petrillo site (BAI and Duffield), the stratigraphy beneath both sites
consists of four separate stratigraphic units. These are the 1) Potomac Formation, 2) the
Columbia Formation, 3) Holocene Sediments, and 4) fill sediments. In addition to these four
units, there is also an extensive layer of dry waste material deposited over a large portion of
the proposed expansion area. Additionally, there is some silty clay fill material located on the
surface of portions of the western side of the expansion area that is currently owned by DRPI.
This silty-clayey fill was removed from the DRPI site during construction of Disposal Cell 5 and
stockpiled within a portion of the proposed expansion area owned by DRPI.

In order to evaluate the stratigraphic units that underlie the DRPI site as they relate to
the proposed Cell 6 expansion, a three-dimensional geologic fence diagram has been developed
in place of the cross sections that were originally proposed. This fence diagram, which is
included within this application as Figure 3, was specifically requested by DNREC in their letter

approving the work plan.

5.1 Potomac Formation

As depicted on the fence diagram, the early Cretaceous age Potomac Formation
is the most prevalent stratigraphic unit beneath both the DRPI site and the proposed
expansion area. It is described as unconformably overlying bedrock that is correlated as
the lower Paleozoic age Wissahickon Schist. The Potomac Formation itself is described
as fluvial in origin and is regionally divided into upper and lower units. As depicted on
the fence diagram, the Upper Potomac is thickest through the central part of the
proposed expansion area where it is approximately 60 feet thick. It appears to thin on
the western side of the site where it is only approximately 20 feet thick. It appears that
the upper part of the Potomac has been eroded and replaced by the overlying Columbia

on both the western and eastern sides of the proposed expansion area.

Waste Management DRPI Proposed Cell 6 Expansion Prepared: October 13, 2004




Page 6 of 22

The lower portion .of the Potomac, or the Lower Potomac, underlies the upper
unit and is identified near the base of the fence diagram by two continuous sand layers.
Previous studies describe the Lower Potomac as a single continuous sand layer as
identified at the bottom of Monitoring Well MW-7(D). However, more recent drilling at
wells C1-S1(D) and MW-101(D) has identified that the sand layer located approximately
10 to 20 feet above the basal sand encountered in well MW-7(D) is also representative
of the Lower Potomac. This conclusion is based on the similar potentiometric head
levels between MW7(D) and the head levels recorded in both wells C1-51(D) and MW-
101(D).

5.2 Columbia Formation

Immediately above the Potomac Formation is the Pleistocene age Columbia
Formation, which is also a fluvial deposit. The Columbia, however, was extensively
mined for its sand and gravels beginning in the 1950s. Therefore, much of it has been
removed from the DRPI site and portions of the proposed expansion area leaving the
Potomac Formation at the surface. Much of the Columbia was also likely removed from
the central portion of the proposed expansion area as part of construction of the
industrial facilities that currently occupy that area. |

The only location where the Columbia remains in quantity is in the southeastern
corner of the DRPI site at the location of monitoring well MW-7(S) and (D). The
Columbia is also believed to be in place under the eastern portions of the proposed
expansion area where quarrying was not conducted and under the adjacent residential
development located along marsh lane. . Here, sands and gravels of the Columbia are
approximately 20 to 30 feet thick. Based on drill log information from this location the
Columbia is described to consist of yellow-brown to orange fine to coarse sands and

gravels.

5.3 Sediments, Fill Material and Dry Waste

Both naturally deposited sediments of Holocene age and recent fill material are
present over much of the surface of the DRPI site and proposed expansion area. The

sediments are described as being derived from stream deposits, while the fill material is

Waste Management DRPI Proposed Celf 6 Exparnision Prepared: October 13, 2004
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sourced from the extensive mining and landfilling operations that have occurred on the
sites over the past 50 years.

A veneer of dry waste material, reportedly consisting mostly of concrete wastes
and wood debris, is also present over much of the Petrillo property and within the
proposed expansion area. This waste was landfilled by Petrillo over 20 to 25 acres of
the proposed expansion area from the late 1970s to about 1989. The thickness of this
waste is estimated to be between 10 and 30 feet through the central portion of the
proposéd expansion area and is based on information from historic aerial photographs
and the drill logs for three gas vents that were installed into the upper portion of the
waste as part of a previous site investigation. Waste thicknesses of this range were also
encountered in Wells DMW-2 and MW-102(S).

5.4 Geologic Fence Diagram; Detailed

The Geologic Fence Diagram (Figure 3) consists of three separate generalized
cross sections, which are labeled as; cross section A-A’, B-B’ and C-C’. Section A-A’ runs
approximately north-south across both properties and cuts across the middle of DRPI's
disposal cells 1, 2, 3 and 4. The length of the A-A’ section is roughly 3,700 feet. The
2,600 foot cross section B-B' is aligned east-west along the boundary between the DRPI
and Petrillo properties (Marsh Lane). The final and third cross section labeled C-C’ runs
along the southwestern border of the proposed Cell 6 expansion area and is
approximately 1,200 feet in length.

Several stratigraphic layers are depicted on the fence diagram including the
waste/fill layer over portions of the DPRI site, dry waste over portions of the Petrillo
property, the Columbia Formation and the Potomac Formation (Upper and Lower). A
review of the diagram depicts varying thicknesses of the Columbia Formation remaining
underneath the proposed Cell 6 expansion area. Moving down stratigraphically, into the
Upper Potomac, it is obvious that there is a single prominent sand layer within the
Upper Potomac unit. The Upper Potomac is labeled on the fence diagram and is
represented by an extensive clay and silty clay beneath the Columbia in the proposed
expansion area. Although saturated, this entire Upper Potomac stratigraphic layer is

described as a confining unit for the underlying Lower Potomac unit. This description as

Waste Management DRPI Proposed Cell 6 Expansion Prepared: October 13, 2004
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a confining unit is supported by an observed difference in potentiometric head levels in
groundwater monitoring installations that are completed separately above and below
the confining layer as identified on the fence diagram. The demarcation between the
Upper and Lower Potomac Formations is depicted with a dashed gray line on the fence
diagram.

As described above in Section 5.1, two separate sand layers that appear to be
relatively continuous across both the DRPI and Petrillo properties define the Lower
Potomac itself, Additional data from the newly installed wells MW-101(S), MW-101(D),
MW-102(S), DMW-1 and DMW-2 support existing data of a single upper sand layer in
the Upper Potomac Formation underlain by two sand layers in the Lower Potomac

Formation.

Supplemental Site Investigation Work

As part of this permit application, and as proposed in the approved work plan, some

additional site investigation work has been conducted. This included the installation of three
additional monitoring wells; MW-101(S), MW-101(D) and MW-102(S), the collection and

analyses of slug test and single well drawdown test data, the collection and analyses of

groundwater samples from the three new monitoring wells, and the monthly collection of water

level data for one calendar quarter. Summaries of the work performed as part of these

activities are presented in this section.

6.1 Monitoring Well Installation

As part of the investigation work required by DNREC for the proposed Cell 6
Expansion, three additional monitoring wells were installed between Novembef 24 and
December 2, 2003, Uni-Tech Drilling Co. Inc. of Malaga, New Jersey was'contracted by
DRPI to install the wells. Due to the saturated nature of the subsurface, sands silts and
clays, mud rotary drilling techniques were employed. This drilling technique was used
at the site before and has been found to be quite successful with regard to maintaining
the borehole during drilling and well construction.

Monitoring wells MW-101(S) and MW-101(D) were installed along the
southwestern edge of the proposed Cell 6 expansion area. The purpose of these two

Waste Management DRPI Proposed Cell 6 Expansion Prepared. October 13, 2004
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wells was to provide a nested hydrogeologic pair in this area of the DRPI property such
that the hydrogeologic characteristics of both the shallow flow zone and the deeper flow
zone in this vicinity could be assessed. As depicted on the two attached groundwater
contour maps (Sheet 1 and 2), two wells (MW-4(S) and MW-4(D)) were previously
located near this area. Both MW-4(S) and MW-4(D), however, were decommissioned to
accommodate construction of Cell 5E. Therefore, new wells were deemed necessary so
that current groundwater conditions in the area could be assessed. Since the previous
wells were installed to characterize both the shallow and deep flow zones, specifications
for the new wells, MW-101(S) and 101(D), were based on data from them. Well MW-
101(D) was constructed at a depth of 82 feet below the ground surface. However, well -
MW-101(S) was constructed at a depth of 36 feet below the ground surface which is
slightly deeper than the depth to which well MW-4(S) was installed.

As stated above, the third new well, MW-102(S), ‘was installed in the southern
portion of the proposed Cell 6 expansion area immediately adjacent to well DMW-2,
Well MW-102(S) was installed at a depth of 59 feet bgs. The purpose of this well was
to characterize water quality within the shallow flow zone beneath the southern portion
of the Petrillo property.

As seen on the groundwater contour maps, all three of the new wells were
placed outside the limits of the proposed Cell 6 disposal area such that all three could
be incorporated into the permanent compliance monitoring plan for the site. Each well
was constructed with flush threaded 2-inch diameter schedule 40 PVC well screen and
casing. In order to preclude vertical communication between water bearing zones
during drilling and well installation, steel casing was grouted in place through the
overlying sediments and waste material (MW-102(S)). Drilling to targét depths was
then commenced inside the grouted steel casings.

During drilling, split spoon samples were collected at varying intervals depending
on the geologic conditions encountered: typical intervals ranged from continuous to
every four feet. Standard Penetration Test (SPT) data was also collected during drilling
at MW-101(S). This data along with lithologic information are presented on the drill
logs for each well, which are included in Attachment 1. As seen on these drill logs,

unconsolidated silts, sands and clays were encountered at each location. Soil and gravel

Waste Management DRPI Proposed Cell 6 Expansion Prepared. October 13, 2004
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fill material were also encountered from the surface to a depth of 8 feet in both MW-
101(S) and 101(D). Concrete and wood wastes were encounter from the surface to a
depth of 34 feet in well MW-102(S). A more detailed discussion regarding the
lithologies encountered in the subsurface is presented above in Section 5.0.

Following installation, each monitoring well was developed using a combination
of an electric submersible pump and an air drive well development pump. Well
development using the air drive pump was conducted on wells MW-101(S) and 101(D).
During the development procedure, the pump was periodically surged within the
saturated interval of the well. This surge action induced a strong positive-negative
pressure action within the well that permitted fine sediment to be removed via
continuous pumping. The surge action also served to set the sandpack around the well
casing and purge it of sediments that may have become embedded during well
construction,  Similar procedures were employed using the submersible pump while
developing well MW-102(S).

6.2 Aquifer Testing

Although a considerable amount of hydrogeologic data has been compiled for
the two defined groundwater flow zones at the DRPI site, some additional hydrogeologic
testing was conducted as part of the proposed Cell 6 expansion permitting process. At
the request of DNREC, this new data has also been compared to available, previous
data. The findings from this investigation and the results of the comparison to previous

data are discussed further in this section.

6.2.1 Methodology

As part of the assessment for the Cell 6 Expansion, BAI conducted pumping
tests on three wells located on the Petrillo property (MW-1(S), MW-2(D) and DMW-1).
A pumping test was also conducted on one well located on the southern side of the
DRPI property (C1-S1D). Slug testing was also performed on two piezometers (P-1(S)
and P-3R(S)) located on the south side of the DRPI Disposal Cell 1. The data resulting
from these tests was then compared with the historic hydrogeologic data previously
collected from the DRPI site.
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Aquifer testing conducted as part of this investigation was performed on
February 11 and 12, 2004 and also on June 30, 2004. These tests consisted of short
duration single well pumping tests and slug testing of piezometers. Installations on

which testing was performed are summarized in the following table:

InstallationID. | TestTyp  Formation Monitored
| k : Single Well Pumping |
MW-1(S) Test Upper Potomac
MW-2(D) Single V\!I?;L’Ic: Umping Lower/Upper Potomac
DMW-1 Single Well Pumping Lower Potomac
Test
C1-51(D) Single VYI?" Pumping Lower Potomac
est
P-1(S) Slug Test Upper Potomac
P-3R(S) Slug Test | Columbia

The single well drawdown pumping tests were conducted using a Redi-Flow-II®
electric submersible pump and either an electronic pressure transducer or an electric
water level meter for obtaining water level measurements. The duration of each
pumping test typically lasted between 2.5 to 4 hours. Recovery data was also recorded
at some of the wells following cessation of pumping. Slug testing was performed in a
similar manner using transducers to collect depth to water level measurements following
the introduction of a measured one-gallon “slug” of water. Analysis of the pumping test
data was performed using the Cooper-Jacob Modified Nonequilibrium Equation (1946).
Relevant calculation shéets and graphs are included in Attachment 2. Because no
change in depth to water levels were observed in the piezometers that were slug tested
or in the pumping test of well MW-1S, these data were not evaluated. A discussion

regarding this is presented in the following sections.

6.2.2 Results Discussion

The historic hydraulic conductivity’ values previously developed by GeoSyntec

(1994) were calculated using analysis from Shelby tube samples, pumping and slug
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testing. Testing data was developed for the Upper and Lower Potomac beneath DRPI
and are summarized in their 1994 Hydrogeologic Assessment Report for Disposal Cell 4.

As part of this evaluation for the proposed Cell 6 Expansion, some additional
aquifer testing of the two groundwater flow zones was conducted by BAI. This testing
consisted of conducting short duration single well pumping tests at monitoring wells
MW-1(S), MW-2(D), DMW-1 and C1-S1(D) and slug testing at piezometers P-1(S) and P-
3R(S).

Although partially screened through a thin remnant zone of the overlying
Columbia Formation sands, well MW-1(S) is representative of the shallow Upper
Potomac Aquifer. Also, well MW-2(D) is screened to the base of the Upper Potomac
Formation but has a borehole sandpack that extends beneath the bottom of the screen
down into the Lower Potomac Formation. As discussed further in section 6.4, geologic
and laboratory analytical data indicate that despite its construction, MW-2(S) is
representative of the shallow aquifer.

Piezometers P-1(S) and P-3R(S) were also used for additional slug testing in the
Upper Potomac however, the results from these piezometers indicate poor well yield.
The poor yield observed in these two piezometers is attributed to possible well bore skin
effects. Both piezometers were installed approximately 10 years ago and have not been
developed since their initial installation. Consequently, data from these two tests were
determined not to be representative of hydraulic properties consistent with the shallow
aquifer. A review of water level measurements collected from these two piezometers on
March 4,V 2004 showed a return of the water levels to near historic static conditions as
measured in January and February. . Although these piezometers did not vyield
representative hydraulic data, the water level measurements from them are considered
to be representative of the shallow aquifer.

As seen on the calculation sheet in Attachment 2, well MW-1(S) was pumped for
approximately three hours at a constant rate of 2 two gallons per minute with only 0.01
feet of drawdown observed. Because only minimal drawdown (0.01ft) was observed in
this well an accurate hydraulic conductivity (K) value could not be determined for this
well. Pumping of the well at a greater rate was also not possible at the time due to

constraints of the small diameter pump used.
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Well MW-2(D) was also pumped for approximately three hours but at a rate of
one gallon per minute with a maximum drawdown of approximately 4.8 feet. Also as
observed on the graph for this well, some minor fluctuations in water levels were
observed near the end of the test. These fluctuations are believed to be associated with
minor decreases and resulting manual adjustments in the pumping rate as the pump
used was sensitive to head level changes. Based on the pumping rate of one gallon per
minute and the observed drawdown of 1.59 feet between 3.5 minutes and 10.5 minutes
the K value at well MW-2(D) was calculated to be 4.18 x 10™* cm/sec. Comparatively,
the GeoSyntec 1994 aquifer test work resulted in K values for the Upper Potomac
Aquifer ranging from 5.0 x 10~ cm/sec to 5.75 x 10”° cm/sec. |

Pumping tests were also conducted in two wells within the Lower Potomac
Aquifer: DMW-1 and C1-S1(D). A brief step pumping test was also performed at DMW-
1. The step test was conducted for a total of four hours with variable pumping rates
(Q) over this time period. Based on the step test, a pumping rate of 4 to 5 gallons per
minute was determined to be appropriate for DMW-1. The drawdown versus time graph
for this stép test is presented in Attachment 2.

The short duration pumping test of DMW-1 was conducted on June 30, 2004.
During this test, DMW-1 was pumped at a constant of 4 gpm for approximately 2.5
hours. This rate was found to be the maximum capable for the particular Redi-Flow-II®
pump that was used. Additionaily, the test was ceased after 140 minutes due to a
mechanical failure of the pump. | |

Results from pumping test of DMW-1 are summarized in Attachment 2 along
with the other data from the well. Based on analyses using the Cooper Jacob method
the resulting hydraulic conductivity was determined to be 1.12 x 10 cm/sec. This value
is similar to the historic k values determined from the DRPI site.

The pumping test for deep well C1-S1(D) was conducted for approximately 2.5
hours at a rate of 4 gpm. Recovery data from this well was also evaluated as a check.
Analysis of the pumping and recovery test results indicated K values of 7.94 x 10*

cm/sec for the pumping data and 8.80 x 10” cm/sec for the recovery data.
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In comparison of similar Lower Potomac Formation wells, GeoSyntec reported K
values for deep wells MW-4D and MW-7D of 3.51 x 10” cm/sec and 5.6 x 10 cm/sec,
respectively.

Additionally, previous K values were reported for the confining sequence
between the Upper and Lower Potomac Formations. During this most recent round of
aquifer testing, no tests were performed on wells in the Petrillo property that were
screened only within the confining layer. However, as part of the BAI single well
pumping tests, pressure transducers were installed in surrounding monitoring wells
when available to monitor drawdown in the observation wells that were screened above
or below the confining layer, opposite the pumping well. No drawdown was recorded in
any of these wells for any of these tests. Most notably, during the four hour pumping
test conducted in February 2004 at the deep well DMW-1 (during the last two hours of
which the pumping rate was 5 gpm), there was no measurable drawdown in MW-1(D)
which is screened in the lower sand of the Upper Potomac. Nor was there any
communication with MW-1(S) or MW-2(D).

| In summary, the new aquifer data appear to be consistent with previous data
and support two separate aquifers beneath the Petrillo property with no evidence of

inter-communication.
6.3 Groundwater Sampling

On December 16, 2003, groundwater samples were collected from all three of
the newly installed monitoring wells (MW-101(S), MW-101(D) and MW-102(S)). The
wells were sampled using standard low-flow purging techniques. A Grundfos Redi-Flo-
II® submersible pump was used to purge MW-102(S) and MW-101(D). Well MW-101(S)
was purged and sampled using a peristaltic pump. Field measurements consisting of
pH, specific conductivity, turbidity, temperature, dissolved oxygen and oxidation
reduction potential were periodically monitored during the purge events at each well.
All samples were collected into laboratory supplied bottle ware and were shipped via
overnight courier to Severn Trent Laboratories (STL) in Amherst, New York for analyses.

Results from these analyses are discussed below in Section 6.1.
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6.4 Groundwater Level Monitoring and Groundwater Contour Maps

Monthly groundwater level measurements were obtained from existing
subsurface monitoring installations located throughout the DRPI site and the proposed
expansion area. Water levels were also obtained from the three new monitoring wells
that were installed in November and December of 2003. As proposed, these levels were
obtained monthly over a calendar quarter beginning in January 2003. Additional,
historic groundwater level data from existing site installations has also been included
with all relevant water level data presented on Table 1.

Of noteworthy interest, the groundwater level in the Petrillo monitoring well MW-
2D, which was drilled by Duffield Associates, Inc. in 1999, is not considered to be
representative of either the shallow or deep flow zones. During drilling, this well was
apparently advanced into the underlying sands of the Lower Potomac Formation. The
borehole was then backfilled with sand up to a depth corresponding to the sand layer in
the Upper Potomac where it was screened. Therefore, since this well was constructed
with a porous media across the basal silty clay of the Upper Potomac, it does not exhibit
groundwater levels that are characteristic of the shallow flow zone. Therefore, the
groundwater levels observed in this well were not used to construct either contour map.

In addition, the groundwater level at well MW-101(S) was also found to be
somewhat inconsistent with the shallow flow zone. As seen in Table 1, the groundwater
levels in MW-101(S) are at elevations ranging between 5.76 ft MSL to 8.27 ft MSL. In
comparison, groundwater levels at the nearby gas monitoring probe GP5-2 range
between 15.72ft MSL and 17.52ft MSL. Historic groundwater elevations in the
previously existing well MW-4(S), which was located just to the north of GP5-2, were
also more similar to those observed in GP5-2 (around 20 ft MSL). The difference in the
groundwater elevations between well MW-101(S) and GP5-2 and the old MW-4(S) well
are attributed to well MW-101(S) being screened at a greater depth (28ft to 39ft) than
GP-5 (5ft to 23ft) and MW-4(S) (oft to 14ft). Additionally, well MW-101S is also
screened within a sandy layer that was not encountered in GP5-2 and MW-4(S).
Although found to be continuously saturated from just below ground surface, this
deeper sand layer encountered in well MW-101(S) does not appear to exhibit the same

potentiometric head levels as the over lying sediments through which GP5-2 and MW-
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4(S) are screened. Therefore, it is concluded that some localized perched conditions
occur above the sand layer in the vicinity of MW-101(S). This conclusion can also be
evidenced by wetland type conditions throughout the surface area surrounding well
MW-1015 and GP5-2. These observed saturated surface conditions in the area are likely
attributed to poor vertical drainage through the shallow fine grained sediments.

Groundwatér contour maps were prepared for both shallow and deep zones and
the subsurface monitoring installations that were used to prepare the contours are
highlighted on each map. As seen, there is clearly a marked contrast between the two
maps owing to the two separate flow regimes.

The shallow groundwater contour map depicts an overall gradient to the north-
northwest with a resultant discharge of shallow groundwater to the Christiana River and
adjacent tidal marsh lake. The effects of the continuous dewatering beneath Cells 4 and
5 of the DRPI are also obvious on the shallow groundwater contour map.

The groundwater contour map for the deep flow zone (Lower Potomac Aquifer)
shows a very flat gradient (0.0001) with groundwater flow toward the east-southeast.
Historically, the deep zone has always exhibited a flat gradient and has varied in flow
direction from south to east-southeast. The reasons for the varying flow direction have
been attributed fo groundwater pumping from off site locations. It has also been
presented (GeoSyntec 1994) that the deep flow zone is minimally influenced by tidal
conditions. This tidal influence, however, is based on limited groundwater and tidal
observation data and its overall influence was concluded to not be more than a few
hundredths of a foot.

7.0  Historic Groundwater Quality

A total of four previous groundwater characterization investigations have focused on the
Petrillo property and southern portion of the DRPI site. Two of these investigations were
conducted separately but simultaneously by Duffield and BAI in 1999. Both the third and .
fourth investigations were conducted by BAI in 2000 and 2001 respectively. Analytical results
from all four of these sampling events are summarized on Tables 2A and 2B.

Although separate, the first two investigations conducted by Duffield and BAI in 1999
were related in that the work performed by Duffield focused on the Petrillo property, while work
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performed by BAI focused primarily on the southern portion of the DRPI site. The goal of both
investigations was to characterize the shallow groundwater quality and flow underneath the
Petrillo and DRPI properties. However, because the investigations were conducted
independently, DNREC requested that a more comprehensive combined assessment of both
properties be performed. Therefore, BAI conducted a third investigation in 2000 that focused
on both properties as one site.

Results of the groundwater characterization from this third report indicated that several
of the monitoring wells located on the Petrillo property (MW-2D, MW-3 and MW-4) exhibited
elevated concentrations of some metals and other typical leachate indicator parameters (TDS,
Ammonia, Chloride, Total Alkalinity, Specific Conductance and Iron). Methyl Tert Butyl Ether
(MTBE) was also identified in these wells at extremely low concentrations just above the
laboratory detection levels. None of the reported concentrations for these parameters,
however, were found to exceed their Maximum Contaminant Levels (MCLs) for drinking water
as established by the US Environmental Protection Agency (USEPA).

In March 2001, DNREC concurred with the findings of the third investigation, however
they requested that some additional work be performed. The -additional work regarded the
characterization of the deeper groundwater flow system, which was not addressed by any of
the previous investigations. Therefore, in October 2001 BAI submitted the Lower Potomac
Aquifer Groundwater Characterization, which summarized the installation of two downgradient
deep monitoring wells (DMW-1 and DMW-2) and the subsequent sampling and results. Drilling
data and water level measurements supported that these additional deep monitoring wells were
installed within the upper confined sand layer of the Lower Potomac Aquifer. Based upon the
laboratory analytical results from this sampling event, which are presented on Tables 2A and
2B, no parameters of concern were detected in these two deep monitoring wells. The analytical
data indicate that the quality of the groundwater within the deep zone at well DMW-1 and
DMW-2 are similar to the quality at the other locations on the DRPI site where the deep zone is
monitored (MW-4R(D), MW-7(D), MW-9(D) and C1-S1D).

7.1  Recent Groundwater Quality Data Analysis

As stated above in Section 5.1, two of the three new wells installed in 2003
(MW-101(S) and MW-102(S)) monitor the shallow flow zone (Upper Potomac Aquifer),
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while the third new well (MW-101(D)) monitors the deep flow zone (Lower Potomac
Aquifer). The samples collected from these three wells in December 2003 were
analyzed for an extensive list of chemical parameters commonly associated with solid
waste landfills. The results from this latest groundwater sampling event are also
presented in Tables 2A and 2B.

Based on review of all of the analytical results presented in Tables 2A and 2B, it
appears that the groundwater within the proposed expansion area is of relatively good
quality. Neither the deep flow zone (Lower Potomac Aquifer) beneath either site or the
shallow zone beneath the southern portion of the DRPI site exhibit evidence of negative
impacts. The two new shallow wells (MW-101S and MW-102S) along with some of the
previously existing wells on the Petrillo Property, however, do exhibit higher
concentrations of the major cation and anion parameters. A comparison of thése
parameters between the Petrillo shallow wells [MW-1(S), MW-2(D), MW-3, MW-4, MW-
102(S) and Piezometer P-1], the southern DRPI shallow wells [MW-2(S), MW-4(S) and
MW-101(S)] and all of the deep wells on the Petrillo property and southwestern side of
the DRPI site [MW-4(D), DMW-1, DMW-2 and MW-101(D)] is presented in the table
below.

As seen in the summary table below, the average COncentfations of these'
parameters are higher in the shallow wells on the Petrillo property in comparison with

the shallow wells on the south side of the DRPI Site and the deep wells on both sites.

Average Cation and Anion Parameter Concentrations

Parameter Petrillo Shallow Welis | DRPI Shallow Wells Petgggpar\;vdeﬁsRPI
(Cations) ,
Sodium 66.2 mg/l 9.1 mg/l 9.5 mg/|

Potassium 19.8 mg/! 1.0 mg/I 2.1 mg/l
Calcium 94.3 mgy/l 6.0 mg/i 14.1 mg/|
Magnesium 47.9 mg/| 1.6 mg/l 3.4 mg/|
(Anions)
Chloride 75.2 mg/l 5.6 mg/l 10.4 mgyl
Alkalinity, Total 449.3 mg/I 27.3 mg/| 35.0 mg/I
Suifate 20.1 mg/l 20.7 mg/| 12.4 mg/|

Averaged from the most recent sampling event of each well.
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In addition to the above summary table, Piper diagrams and graphical Stiff plots
of the major cations and anions (in milliequivalents) for each of the above referenced
wells have also been produced and are included as Attachment 3 to this narrative. The
Piper diagrams for each of the data sets from the most recent sampling of each of the
above wells indicates a wide variability in ion concentrations. Because of this variability,
the Piper diagrams do readily demonstrate an obvious chemical signature. The DRPI
shallow wells do tend to plot along the central axis of the upper diamond plot, while the
Petrillo wells plot out on either side of the axis.

The graphical Stiff plots, however exhibit the most pronounced contrast between
the three groups of wells. The plot that compares all of the relevant shallow wells
clearly shows a difference in chemistry between the DRPI wells (MW-2(S), MW-4(S) and
MW-101(S)) and the downgradient Petrillo wells (MW-3 and MW-4). The upgradient
shallow wells (MW-1(S) and MW-102(S)) on the Petrillo site also appear to be more
similar to the three DRPI wells. The other notable characteristic is seen in the Petrillo
well MW-2(D). As indicated above in Section 6.4, this well is screened in the upper flow
zone, however, it was drilled down to the basal clay of the Upper Potomac and then
backfilled with sand to the base of it screen interval. Although the reason for this
construction is unknown, the water chemistry in this well, as depicted on the Stiff plot,
is clearly similar to that of the Petrillo wells completed in the shallow flow zone.

The Stiff diagrams also graphically depict a notable difference between the deep
and shallow flow zones. As seen on these diagrams, the deep flow zone wells all exhibit
significantly lower miIIiequiva|énts per liter concentrations of both the major cation and

anion groups than do the shallow flow system wells.
Proposed Groundwater Monitoring Network

Because the proposed Cell 6 Expansion is going to increase the aerial extent of the DRPI

landfill, it is observed that additional groundwater monitoring points will be required to provide

effective compliance monitoring.  Several existing monitoring points will also be properly

decommissioned to permit development of the expansion.

Based on the conceptual design of the proposed Cell 6 Expansion area, only seven

existing monitoring wells within the Cell 6 Expansion area [MW-1(S), MW-1(D), DMW-1, DMW-
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2, MW-102(S), MW-101(S) and MW-101(D)] and one gas probe (GP5-2) are proposed to
remain. All other wells, piezometers and gas probes will be properly decommissioned. Those
proposed to be decommissioned include Wells C1-S1D, MW-2(S), MW-3, MW-4 and MW-2(D):
Gas Probes GP5-1, GP-6, GP-5 and GP-3R(S); Piezometers P-1(S), P-2R(S) and P-3(S).

Because the seven wells that are proposed to remain are located such that they will
effectively monitor both the upper and lower groundwater flow zones, no additional
groundwater monitoring points are proposed to be installed. Several new gas probes are
however proposed to be installed. The locations and construction specifications for these
probes are presented within the engineering design portion of the applicatipn package that was
prepared by GeoSyntec.

In accordance with the current groundwater monitoring plan for the DRPI site, it is
proposed that the three new deep monitoring wells DMW-1, DMW-2 and MW-101D be sampled
annually for the same groundwater quality parameters as the existing DRPI site wells.
Groundwater levels will be collected semi annually such that the required groundwater contour
maps can be generated.

With regard to the new monitoring wells in the shallow flow system, three of these
[MW-101(S), MW-102(S) and MW-1(S)] are proposed to be sampled for groundwater quality.
Well MW-101(S) is located downgradient of the proposed Cell 6 Expansion Area and will
effectively monitor shallow groundwater flowing from the western side of the site. As with the
- other DRPI shallow wells, well MW-101(S) is proposed to be monitored on a semi-annual basis.
The other two wells are both located upgradient of the expansion area and will provide
information pertaining to background groundwater quality. Although, background or
upgradient groundwater quality monitoring has not been a part of the DRPI groundwater
monitoring plan in the past, it is considered applicable for the proposed expansion. This is
primarily because no groundwater underdrain system will be incorporated into the design of the
proposed Cell 6. These wells are proposed to be sampled on an annual basis following the
same schedule as the deep DRPI monitoring wells. Details regarding revisions to the DRPI
groundwater monitoring plan are presented within the Revised Groundwater, Surface Water
and Leachate Monitoring and Reporting Program Plan, which is included in Attachment 5. For

reference, the proposed groundwater monitoring network will consist if the following wells:
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Proposed Monitoring Well Network

Piezometers/Wells
Groundwater Level

Shallow Wells Deep Wells Monitoring Only
MW-4RS MW-4RD MW-7S
C4-N1S MW-7D MW-8S
C5-N1S MW-9D C4-E1RS

C5-W1RS MW-101D P-8
C5-W2s DMW-1
MW-1S DMW-2
MW-101S
MW-102S

8.1 Well Relocation Contingency

Two monitoring wells, MW-7(S) and MW-7(D), are currently located on the southeast
side of the DRPI site. Both wells were installed on property that was and is currently owhed by
Corrado American, Inc. Based on communications with DRPI personnel, it appears that the
property on which the wells are located maybe be sold in the near future to New Castle County
for development of a new county police barracks. Should this real estate transaction occur,
there may be a need to abandon and relocate both wells MW-7(S) and MW-7(D).

The planned contingencies for this event would be to either modify the well heads and
maintain the wells at their present locations or to relocate both wells across Marsh Lane and
slightly southwest of their present locations. This contingency location is on property owned by
DRPIL. Both replacement wells would be installed such that they monitor the same groundwater
zones in which they are presently installed. Detailed well specifications for replacément wells
and a work plan for the decommissioned of the "existing wells will be submitted to DNREC prior

to the conduct of the work.

9.0 Summary

The considerable amount of existing data from the DRPI facility combined with new and
existing data from the Petrillo property support previous conclusions regarding the definitions of
groundwater flow zones. Additionally, available geologic drill log data was used to construct

the three-dimensional geologic fence diagram, which depicts subsurface conditions beneath
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both the DRPI site and the proposed expansion area. Based on a review of this fence diagram,
it is apparent that the stratigraphy is similar with some distinct differences.

Work conducted as part of this investigation has established the existence of a lower
sand horizon in the Upper Potomac Formation. This horizon appears to be thickest in the
southern portion of the Petrillo property, thinning northward and disappearing completely
beneath the DRPI facility. The Lower Potomac beneath the Petrillo property contains two
significant sand horizons, which are prevalent across the entire proposed Cell 6 expansion.
However, the upper horizon appears to become discontinuous through the DRPI facility. It is
likely that additional deep drilling would support the existence of the lower sand horizon in the
Lower Potomac to be prevalent and extensive across the southern portion of the DRPI facility.

Furthermore, the latest round of groundwater samplingv and groundwater level
monitoring supports earlier conclusions that the two flow zones are separate and each has

different chemical signatures with no evidence of significant water quality degradation.
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