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REMEDIAL WORK PLAN
VOLUNTARY CLEANUP PROGRAM
INDEX NUMBER D2-0023-00-08
21-16 44™ ROAD
LONG ISLAND CITY, NEW YORK

1.0 INTRODUCTION

The premises located at 21-16 44" Road, Long Island City, New York (“the Site”) is
the subject of a Voluntary Cleanup Program (VCP), Index Number D2-0023-00-08 by Virginia
S. Peterson, as Trustee, Wendy Peterson Smithson, Judy Ann Sarkisian, Arthur Corey
Sarkisian, David P. Close, as Successor Executor/Trustee, Gabrielle V. Sarkisian as Successor
Executor/Trustee and Frederick Hanssen, as Successor Executor/Trustee pursuant to the New
York State Department of Environmental Conservation (NYSDEC) VCP. Figure 1 shows the
location of the Site in the Long Island City area. The Site consists of an approximately
30,000 sq. ft. (square feet) building with a basement area of 10,000 sq. fi. and approximately
5,000 sq. ft. parking lot. The implementation of the VCP is intended to allow the use of the
former industrial building as a high school.

Previous uses of the Site included metal cleaning, painting, degreasing, plating and fin-
ishing. Advanced Cleanup Technologies, Inc. (ACT), 115 Rome Street, Farmingdale, New
York conducted .a Phase 1 and Phase II investigation and completed Interim Remedial Measures
(IRM) between January 2000 and January 2002. Leggette, Brashears & Graham, Inc. (LBG),
110 Corporate Park Drive, Suite 112, White Plains, New York completed additional IRMs and
a remedial investigation program for determination of soil and ground-water conditions beneath
the Site and (o obtain data for preparation of this Remedial Work Plan (RWP).

The remedial goals of the proposed work plan are the following:

. removal of residual contamination from the areas which were not addressed

during the IRMs;
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. protect and isolate the building from any potential impact by volatile organic
compounds (VOCs) detected in soils and ground water under the building;

. remediate the ground water under the building and adjacent areas; and,

. remove soil with metals associated with the fill at the site.

In order to achieve these goals the following work will be completed at the site:

. installation of a soil vapor extraction (SVE) system under the building and the
former drum storage area;

. removal of VOCs from under the slab area using the SVE system and prevent
future buildup of VOC from any source onsite or offsite;

. install a soil vapor barrier under the building (first floor and basement);

. install and operate a pump and treat system to remove VOCs found in ground
water under the building and adjacent areas; and,

. remove soil with concentrations of metals above agreed Site specific cleanup
objective (SSCO).

The objective of the work plan is to ensure that all tasks are defined and completed

adequately and safely. The plan includes:

. site background;
» procedures for drilling and constructing wells and piping;
. procedures for pilot testing and data analysis;

. Health and Safety Plan;
. description and specifications of proposed remedial systems; and,

. schedule,

The work will be conducted in accordance with applicable State and Federal regulations, rules

and guidance.
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2.0 SITE LOCATION AND DESCRIPTION

The Site is located in an industrial area in the northwest portion of the Borough of
Queens in New York City. The Site is located on the southeast corner of the intersection of
44" Road and 21* Street. The East River is located approximately 2,000 feet to the west of the
Site. A site map is presented as figure 2.

The Site consists of a vacant four-story masonry and stucco structure. The footprint of
the building is approximately 30,000 square feet in area. A parking lot, approximately
5,000 square feet in area, is also present in the southwest corner of the Site. The ground
surface of the parking lot is covered with asphalt. A small area to the immediate south of the
building, formerly used for drum storage, remains unpaved.

Natural gas and water services enter the building underground along the western
property boundary. The gas and water meters for the building are located in the western por-
tion of the first floor. The electrical service enters the building along the northern property
boundary. Electric meters are located in the northern portion of the basement and the southern
portion of the ground floor. The Site is connected to the New York City municipal sewer
system with the connection located at the southwest corner of the building tapping into the
sewer on 21* Street.

The Site was previously used by a drapery hardware manufacturer and distributor. The
eastern portion of the factory was dedicated to cleaning, degreasing, oil-extraction, powder
coating and painting of metal drapery hardware. Prior to this usage, the Site is believed to
have contained a metal plating and finishing facility. The Site is presently under

reconstruction.

3.0 GEOLOGY AND HYDROGEOLOGY

3.1  Regional Geology and Hydrogeology

The Site is located in the Atlantic Coastal Plain physiographic province. The geology

of this province is comprised of interbedded layers of sand, clay and marl. In Long Island the
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marine deposits are overlain by drift. The marine deposits are Cretaceous and Quaternary.
The drift deposits are derived from glacial activity that occurred during the Pleistocene. The
total thickness of the marine and glacial deposits in Queens County ranges from zero feet in
northwestern Queens (Long Island City) to 1,100 feet in southeastern Queens.

The ground-water resources that underlie western Long Island is composed of a series
of unconsolidated deposits of sand, gravel and clay of late Cretaceous and Pleistocene age.
The principal water-bearing units that provide usable quantities of water are the Upper Glacial
Aquifer, the Jameco Aquifer, the Magothy Aquifer and the Lloyd Aquifer. Except for the
Upper Glacial Aquifer and Jameco Aquifer, these units are vertically separated from each other

by confining clay units.

3.2 Site Specific Geology and Hydrogeology

The topography of the Site area is generally level. Ground surface elevations at the
Site are approximately 15 feet above msl (mean sea level). As described in the geologic logs,
the shallow sediments beneath the Site consist primarily of silt, and fill/ash material, underlain
by fine to medium sand. A layer of ash material, approximately 0.5 to 1.0 foot thick was
present beneath the concrete slabs for the first floor and basement. The upper silt layer is
between 4 and 16 feet thick and it exists across most of the Site. The exception is beneath the
basement on the east side of the building, which is approximately 11 feet lower in elevation
relative to the first floor. The silt in this area was most likely removed during construction. In
the parking lot area the silt is mixed with fill material, which includes bricks, wood, ash and
sand and gravel. Beneath the silt is a layer of fine to medium sand, which was encountered in
all areas of the Site. The sand extends down to the bedrock surface, which at the Site was
encountered between 17 and 27 fit bg (feet below grade).

During drilling activities, ground water was encouhtered in the sand layer,

approximately 4 feet beneath the basement slab and approximately 13 ftbg across the
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remainder of the Site. Water levels were measured in the monitor wells on September 12,
2002. Based on these measurements, the water-table elevation is approximately 2 feet above
msl and the general direction of flow is towards the southwest. The data regarding ground-
water measurements, elevations and direction of ground-water flow were submitted in

Remedial Investigation Report (RIR) dated October 8, 2002.

4.0 BACKGROUND

4.1 ACT Phase I Environmental Site Assessment

ACT completed a report titled: “Phase [ Environmental Site Assessment” for the Site
which is dated May 14, 1997. The Phase I Environmental Site Assessment of the Site revealed
numerous Recognized Environmental Conditions (REC). A summary of this report is

presented in the LBG IRM report submitted on June 12, 2002.

4.2 ACT Phase II Environmental Site Assessment

ACT conducted a subsurface investigation and completed a report titled: “Phase 11
Environmental Site Assessment” for the Site dated July 14, 1997 which was submitted to
NYSDEC. This investigation included drilling of soil borings and collection of soil samples
from the metal plating and degreasing tank area, exterior drum storage area, 5,000-gallon fuel
oil and underground storage tank (UST) area and oil pump area. Soil samples were analyzed

for VOCs and metals. A summary of this report is presented in the June 12, 2002 IRM report.

4.3  ACT Revised Supplemental Investigation Report

ACT completed a report titled: “Revised Supplemental Investigation Report” for the
Site dated August 23, 2001 which was also submitted to NYSDEC. A summary of this report

1s presented in the June 12, 2002 IRM report.
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During this phase, twelve soil borings were drilled at the Site, both inside and outside
of the building. Soil samples were collected from the borings and submitted to a laboratory for
analysis. Summary information regarding the supplemental investigation is also included in the
IRM report as a part of the supplemental investigation.

ACT supervised the construction of four PVC monitor wells along the exterior of the
building and one PVC piezometer (MW-4) inside the building. Ground-water samples were
collected from the wells and submitted to a laboratory for analysis. Due to Site constraints, the
piezometer could not be constructed with a suitable sand pack surrounding the screened area.
As a result, excessive sediment entered into the well.

ACT personnel collected one sediment sample from each of the sumps (SD-01 and
SD-03) and drain (SD-02) at the Site. Two sumps are located within the building and one
drain is located outside of the building. Each sample was submitted to a laboratory for analy-
sis. Following NYSDEC approval, the piezometer (also identified as MW-4) was removed by

LBG on February 12, 2002.

4.4 ACT Interimm Remedial Measures

During the IRM, ACT supervised the excavation of approximately 15 cubic yards of
soil from beneath the former drum storage area. Endpoint soil samples were collected from
the east wall, south wall and north wall of the excavation; however, no endpoint soil samples
were collected from the west wall or the bottom of the excavation.

ACT supervised the excavation of the sediments within two sumps (SD-01 and SD-03)
inside the building and from the drain (SD-02) located outside of the building.

ACT supervised the removal of all of the sediment within SD-01 and SD-02. As re-
ported by ACT, SD-01 was constructed with a concrete bottom and brick sidewalls and SD-02

was constructed of concrete. Due to the reported solid construction of SD-01 and SD-02, there
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were no endpoint sediment samples collected. Following the IRM, ACT completed a report

entitled: “Closure Report” dated January 30, 2002 submitted to NYSDEC.

4.5 LBG Interim Remedial Measures

LBG was retained to supervise the re-excavation of backfill to the depth of the former
excavation performed by ACT and to excavate remaining contaminated soils in the former
drum storage area. Additionally, LBG supervised the enlargement of the sump (SD-03) exca-
vation and the re-excavation of sediments beneath the sump until no staining was evident. The
purpose of this work was to remove all the contaminated soil and sediment above the ground-
water table in these areas of the Site, where feasible. The field activities were conducted to
supplement excavation activities performed by ACT on December 17, 2001. The activities
completed by LBG consisted of:

. excavation of contaminated soil from the former drum storage area;

. excavation of contaminated soil from the sump (SD-03) located in the northeast

corner of the basement;

. collection for analysis of soil samples from the above-referenced excavations,
the sump, the excavation soil stockpiles, and the three drums of sediment
generated from the sump;

. disposal of the contaminated soil stockpile generated from the drum storage area

excavation, and the three drums of sediment generated from the sump;

. removal and backfilling with sand of the piezometer located in the basement;
and
. conducting community air monitoring for the work area.
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4.6  Remedial Investigation

Between August 1 and October 8, 2002, LBG implemented, on behalf of the Volunteer,
a remedial investigation program at the Site. The program consisted of vapor, soil and
ground-water sampling from beneath the first floor and the basement. In addition, the work
involved soil sampling for lead in the parking lot from the area of the identified hot spots.

The investigation was used to determine the ground-water flow direction, hydraulic
gradient, depth of the bedrock, and to obtain data for ground-water remediation. The remedial
investigation concluded the following:

1. The ground-water flow direction beneath the Site is to the west with a small
component to the southwest. The hydraulic gradient between 0.0005 ft/ft (foot
per foot) and 0.0017 ft/ft indicates slow ground-water movement beneath the
area.

2. Semivolatile organic compounds (SVOCs) and inorganics were the only
compounds detected above Technical and Administrative Guidance
Memorandum (TAGM) recommended soil clean up guidelines. The same
compounds detected in the soil were also detected in the ash material that was
removed from the basement and first floor. Soil has been impacted by the
historical use of fill material containing ash to at least 16 feet below the first
floor and 6 feet below the basement, however, VOCs were not detected above
TAGM cleanup guidelines in the soil, confirming that the IRM were effective in
removal of source from the area.

3. The fill/ash material removed from beneath the first floor and basement
indicated that the material can be disposed as non-hazardous material.

4. Samples collected from the temporary vapor poiﬁts indicated the presence of

VOC (PCE) beneath the first floor slab and basement slab. The highest
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concentrations of vapors was detected in the vicinity of the former drum storage
ared.

5. Soil samples collected from the parking lot area and analyzed for total lead and
Toxicity Characteristic Leaching Procedure (TCLP) lead showed at two
locations an exceedance of the regulatory level of 5 ug/l (micrograms per liter)
used for the characterization of hazardous waste (TCLP lead).

6. VOCs and metals were detected in the ground water above water-quality
standards. PCE was the primary VOC compound detected above standards.
The highest concentrations of VOCs were detected in the vicinity of the former
drum storage area, which is the most likely source. The plume extends beneath
the eastern half of the first floor and the basement, and the concentrations
decrease with distance from the former drum storage area. VOCs were not
detected beneath the western half of the first floor building or the parking lot
nor were detected beneath the northern half of the Site. The source of metals in
the ground water appears to be the historical fill material which contained
clevated metals concentrations. The metals detections were fairly evenly
distributed across the Site, consistent with the distribution in the soil.

7. The contamination beneath the Site which requires remediation and consists of
VOC (PCE and other solvents) and metals located in soil and ground water

beneath the Site.

Based on the IRM and remedial investigations conducted at the Site the following RWP

was developed for this Site.
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5.0 SCOPE OF WORK

5.1  Scope of Work Overview

The subsurface investigation and IRM work including soil excavation and disposal was
used to evaluate the subsurface conditions for developing a RWP. Residual solvent
contamination remains beneath the former drum storage area. As part of the IRM, the
concrete slab of the first floor and basement has been removed. The concrete columns and
outer walls of the building remain in place. Soil vapor monitoring has indicated an off gassing
of soil-vapor contaminant concentrations as a result of floor removal. Because the accessible
source material has been removed, the next step is to protect the future indoor air quality of the
proposed school by preventing residual vapors from entering the school. In order to protect
indoor air quality, SVE systems and a vapor barrier (impermeable liner) will be installed prior
to and set below the new concrete slab floor. The liner will form a complete seal with the
walls and columns, and will act as a vapor barrier to the soil beneath the liner. SVE pipes will
be installed below the concrete floor and the vapor barrier. The SVE system under the
basement floor will be separate from the system serving the first floor. Both systems will be
situated in a layer of clean pea stone. After the vapor barrier is installed, a SVE pilot test will
be conducted to size the blowers. The new concrete slab floor will be poured above the vapor
barrier and SVE system to create the new slab on grade. In addition, a ground-water
extraction system will be constructed and operated from the outside of the building in order to
remediate the ground water. The work presented in the RWP will be completed-in accordance
with the site specific Health and Safety Plan (Appendix I). The objectives of the actions
described in the RWP are as follows:

. control, and stop upward migration of residual vapors using an impermeable

barrier in the basement and first floor areas;

. remediate the soil by removing VOC vapors from the unsaturated zone beneath

the building;
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. remediate the dissolved VOCs in ground water;

. remove so0il containing lead from the parking lot area above the Site specific

cleanup objective; and,

. remediate the soil and ground water from the former drum storage area.

5.2  Remediation of Soeil in the Former Drum Storage Area

Analysis of vapors from the temporary points sampled on August 7, 15 and
September 23, 2002 showed the highest concentration of vapors to exist in the GP-8 and GP-6
areas. These vapor points are located inside of the first floor of the building in the immediate
vicinity of the building south wall and north of the former drum storage area. In addition, the
highest concentration of dissolved VOCs was detected in a well located outside of this area
{(MW-6) (Plate 1).

Based on the remedial investigation results, the soil remediation in this area will be
completed using four vertical vapor extraction wells located outside of the building and
horizontal vapor extraction pipes located inside of the building. The vertical SVE wells will
remove the residual vapors located beneath the south wall of the building. The locations of the
vapor extraction wells (VE1-4) are shown on Plate 1.

Construction diagrams and geologic logs are included in Appendix II. Each SVE well
is constructed with 4-inch diameter, schedule 40, 20-slot PVC screen, set from approximately
2.5 to 3 ft bg to the top of the bedrock. The four SVE wells will be connected to a blower
which will be used to remove the vapor from the area. A SVE pilot test of the four wells will
be conducted in order to determine the vacuum required and to select the permanent

equipment.
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5.3 Remediation of the First Floor

The remedial investigation of the first floor indicated the presence of vapors collected
from the temporary vapor points. Soil sampled from the locations contained solvents including
PCE below the TAGM soil cleanup guidelines. PCE was also detected in ground-water
samples collected from temporary geoprobe points set beneath the eastern two thirds of the

building.

5.3.1 Soil Vapor Extraction-First Floor

An SVE system will be installed beneath the vapor barrier in the first floor area.
The system will be installed in a 6-inch layer of pea stone placed under the entire floor
area. SVE pipes will be 2-inch diameter PVC installed horizontally at a 1 percent
slope. At the highest point, the invert of the SVE pipes will be set 1 foot below the
6-inch first floor concrete slab finished floor elevation.

Eleven 20-foot sections of slotted SVE pipes will be installed with a minimum
of 2 inches of pea stone above and below the pipes (Plate 2). The pea stone will be
placed directly over the existing soil after compaction. The 20-foot sections of slotted
PVC 2-inch diameter SVE pipes and 2-inch diameter solid pipes will connect to one
4-inch diameter solid header pipe, which will exit the building. The first floor SVE
system will exit the southern side of the building.

The blower and vapor treatment system associated with the SVE $ystem will be
located outside of the building adjacent to the exit point of the header pipe. Required
vapor treatment and flow will be designed based on the pilot test results. A conceptual

design of the SVE treatment system is presented on Plate 2.
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5.3.2 Vaper Barrier-First Floor

The subsurface will be sealed from the building with a HDPE (high density
polyethylene) liner having a minimum thickness of 40 millimeters. The liner will be
one unit and all seams will be sealed. The liner will be constructed above the SVE
pipes. The vapor barrier will also be installed beneath the elevator shaft and connected
to the first floor liner (Plate 1). A specification sheet for a HDPE geomembrane
manufactured by GSE Lining Technology, Inc. is included in Appendix III.

The 40-mil HDPE liner will cover the first floor area and the liner will be
secured to the existing concrete walls with a stainless steel batten. The liner will be
secured to the columns with a banding strip. The batten will be constructed of stainless
steel 3/8-inch thick and 1 1/2-inch wide. The liner will be secured to the batten with
3/8-inch diameter stainless steel cinch anchor bolts, 3 3/4-inch long, constructed at
6 inches on center. A 1/4-inch thick, 1 1/2-inch diameter neoprene gasket will be used
to seal between the concrete and the liner. The banding strip will be prefabricated to fit
the existing cylindrical columns, and will be installed in the same manner as the batten.
The concrete anchor detail is shown on Plate 1.

To ensure against failure of the liner at bends between the horizontal and
vertical surfaces, a 45 degree cove, filled with grout or polyfoam will be formed along
the corners. The cove will be at least 2 inches in each the horizontal and vertical
direction. See connection detail on Plate 1. The In-Line Plastics field installation
quality assurance manual is included in Appendix I11.

Penetrations through the liner for plumbing or electric conduits will also be
sealed to the liner through installation of custom HDPE pipe boots. Pipe boots are
custon-made HDPE sleeves with a lip that can be sealéd to the liner. See utility

conduit connection detail shown on Plate 2.

LEGGETTE, BRASHEARS & GRraHAM, INC.



-14-

A non-woven geotextile filter fabric of 8 to 10 ounce per square yard weight,
will be set over the entire pea stone surface area to prevent potential puncture of the
liner by the pea stone. A product description sheet and specification sheets for non-

woven geotextile manufactured by TC Mirafi are included as Appendix III.

5.4 Remediation of the Basement

Remedial investigation conducted in the basement showed low concentrations of VOC
vapors in the soils beneath the former slab. PCE was also detected in ground-water samples

collected from the temporary geoprobe points.

5.4.1 Soil Vapor Extraction-Basement

A SVE system consisting of horizontal piping will be installed beneath the vapor
barrier in the basement area. This system will be installed in a 6-inch layer of pea
stone. The vapor extraction piping will be 2-inch diameter which will be installed
horizontally at a 1 percent slope. At the highest point the invert of the piping will be
set at 1 foot below the 8-inch basement concrete floor.

Each pipe will be installed with a minimum 2 inches of pea stone above and
below the pipe. The pea stone will be placed directly over the native soil after
compaction. Six 20-foot sections of slotted PVC 2-inch diameter vapor extraction
piping will be connected to 2-inch diameter solid PVC pipe, which will be connected to
two 4-inch diameter solid header pipes, that exit the building. The blower and the
treatment systems associated with the vapor extraction pipes will be located outside of

the building (Plate 2).
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5.4.2 Vapor Barrier-Basement

The vapor barrier in the basement area will consist of a 40-mil HDPE liner
similar to that used under the first floor. The basement area will be completely sealed
and the HDPE liner will be secured to the concrete walls and columns. The vapor
barrier will be installed beneath the elevator shaft (Plate 1). The construction of the
HDPE liner will be completed in a manner similar to the first floor. Plate 1 shows the

details of the HDPE liners.

5.5  Soil Vapor Extraction Pilot Testing

An SVE pilot test will be conducted following installation of the vertical SVE wells and
horizontal SVE pipes. Data collected during the pilot test will be used to size treatment system
equipment. The pilot test will be used to: (1) determine the vacuum required to extract the
maximum air flow from the formation; (2) determine the radius of influence of the SVE
system; (3) determine the pneumatic conductivity of the formation; and, (4) model the potential
contaminant recovery. Having knowledge of these important design parameters will ensure the
blower(s) is sized correctly and the appropriate emission controls are specified. As the system
will be installed in pea stone, a minimum radius of influence of 20 feet will be accomplished.

The pilot test will be conducted after the vapor barriers and SVE are installed. The
SVE pilot test will consist of installing monitor points, connecting a temporary vacuum source
to the wells and the horizontal extraction pipes, then measuring key parameters and monitoring
air quality. Measurements that will be recorded include flow rates and pressures at the vacuum
source, vacuum at monitor points and temperature. Air quality monttoring will include
recording photoionization detector (PID) readings and explosivity percentages and sampling
soil vapor for laboratory analysis. The monitor points will be temporarily installed through the
vapor barrier. Vacuum influence will be measured from tﬁree dual screened (nested)

monitoring points, spaced from 20 to 70 feet from the point of extraction. Each manifold will
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be tested individually, to account for Site inconsistencies. Following the completion of the
pilot test the monitor points will be removed and a seal will be placed at these locations.

Based on the pilot test data the treatment system will be designed. SVE treatment
system effluent will meet NYSDEC requirements. A conceptual design of the SVE treatment

system is presented on Plate 2.

5.6 Ground-Water Remediation

In order to evaluate the feasibility of ground-water remediation using a pump and treat
system a pumping test was conducted from a temporary 8-inch diameter well constructed inside
of the basement in the vicinity of the new elevator shaft. The purpose of the test was to
determine the aquifer parameters (transmissivity and storage coefficient) for designing the
ground-water extraction system.,

The temporary well used for testing was constructed inside of the basement at
approximately 9 feet below the existing grade. The well was constructed of 8-inch diameter
20-slot PVC screen. A pumping test was conducted on October 18, 2002 from the temporary
well at a rate of 9 gpm for approximately 8 hours., The ground water from the well was
pumped in a 20,000 gallon fractionation tank. The water from the fractionation tank will be
discharged into the New York City sewer system. Prior to the discharge a permit will be
obtained from the New York City Department of Environmental Protection (NYCDEP). The
discharge will meet the criteria of 20 ppb (parts per billion) for PCE. Prior to and during the
pumping test, ground-water levels were measured in the pumping well and Monitor
Wells MW-6, MW-7, MW-8, MW-9 and MW-10. Table 1 lists the depth to ground water,
drawdown and ground-water elevations in pumping well and monitor wells at the end of the
8 hour pumping test.

Based on data from MW-10 and MW-9 the transmissivity ;)f the aquifer was calculated

to range between 7,700 gpd/ft (gallons per day per foor) and 15,800 gpd/ft. The storage

LEGGETTE, BRASHEARS & GRraHAM, INC.



-17-

coefficient was calculated to range between 0.016 and 0.039 (figures 3 and 4). Based on data
observed during the pumping test, it was determined that ground-water pumping from an
extraction well has the potential to induce a cone of depression which extends over 124 feet
(figure 5).

The field data indicates a water-table aquifer in the overburden on top of surficial
bedrock. The pumping test data were also used to calculate the optimum pumping rate for
ground-water remediation at the Site. It was determined that ground water pumping at 15 gpm
from a well located to the south of the building will induce sufficient drawdown beneath the
first floor and the basement and will be capable of remediating the ground water (figure 6).

The pumping test results indicated that the ground-water remediation at the Site can be
accomplished by the pump and treat technology. The proposed ground-water remedial system
will consist of an extraction well constructed outside of the building in the existing access to
the basement. The extraction well will be drilled to 30 feet below existing grade, and will be
constructed with 6-inch diameter 20-slot PVC screen set from 5 ft to 25 ft bg. A S-foot sump
will be instailed at the bottom of the well. The annular space between the well screen and the
drilled boring will be filled with No. 2 grade filter sand. A 4-foot bentonite seal will be placed
on top of the sand pack. The ground-water extraction well will be equipped with a
submersible pump having a maximum capacity of 30 gpm (gallons per minute) at a total head
of 50 feet. The ground water from the extraction well will be pumped into a treatment system
consisting of a transfer tank, low profile air stripper, activated carbon filtration unit and
discharge into the New York City sewer system. Prior to start up, the system will be tested

and calibrated for maximum efficiency.

LEGGETTE, BRASHEARS & GrAHAM, INC.



-18-

5.7  Ground-Water Monitoring Program

A ground-water monitoring program will be conducted quarterly at the Site. Ground-
water samples will be collected from all onsite and offsite monitor wells. Prior to sampling,
the depth to ground water will be measured using an electric tape.

Following water-level measurements, ground-water samples will be collected using the
low-flow sampling method (EPA Low Flow Ground-Water Sampling Procedures, April 1996,
Appendix IV). During sampling, onsite field parameters will be monitored continuously using
a Horiba U-22XD multiparameter water-quality monitoring system. Measurements for pH,
conductivity, turbidity, dissolved oxygen (DO), temperature, and oxygen reduction potential
(ORP) will be obtained as the ground water will be purged through a flow-cell at a rate of 100
to 500 ml/minute (milliliter per minute). In addition, the turbidity of the water will be
measured. Upon reaching stabilization of all parameters, a ground-water sample will be
collected for laboratory analysis. The ground-water sample will be stored on ice in a cooler to
maintain a constant temperature until delivery to the laboratory.

Quality Assurance and Quality Control (QA/QC) samples, including a field blank and a
trip blank will accompany the ground-water sample shipment. The ground-water samples will
be analyzed by a New York State Department of Health (NYSDOH) certified laboratory for
VOCs by EPA Method 8260 and metals. The results of the quarterly ground-water monitoring

program will be summarized in a quarterly report.

5.8  Parking Lot Soil Remediation

Lead impacted soil in the parking lot area will be addressed through excavation with
offsite disposal. In accordance with 40 CFR Part 745, which became effective March 6, 2001,
the EPA has identified dangerous levels of lead in soil for pré—1978 residences and child-

occupied facilities.  Child-occupied facilities may include, but are not limited to, daycare
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centers, preschools and kindergarten classrooms, which are occupied by children six years old
or younger. This regulation is part of the Residential Lead-Based Paint Reduction Act of 1992
which establishes standards for lead based paint hazardous. As part of this act, standards were
established for lead in soil. The regulation sets two standards for lead in bare (uncovered) soils
which are predicated on preventing lead poisoning in children under the age of six. The first is
400 ppm (parts per million) or mg/kg (milligrams per kilogram) in play areas and the second is
an average of 1,200 ppm in the remainder of the yard. In accordance with the regulation, soil
with lead concentrations equal to or greater than these, in residential areas or child-occupied
facilities, is considered lead contaminated soil. The regulation states in cases where these
levels are exceeded, measures should be taken to reduce potential exposures. These measures
could include, but are not limited to, covering the bare soils with pavement or concrete.

The soil in the parking lot area will be covered with pavement and will not be used as a
play area. In considering this, as well as the EPA standards and the Site specific soil quality
data for the parking lot, we propose a SSCO of 1,200 ppm. Because the parking lot will be
covered and this standard is for bare soils, and the proposed use of the Site is not as a
residence or child-occupied (under six years old) facility as defined by the regulation, we
believe the SSCO is a conservative standard. The Site will be used as a high school facility.

Soil excavation will be conducted in conjunction with construction of the dry wells in
the parking lot. The proposed area to be excavated for the dry wells is approximately 20 feet
by 20 feet by 8 feet deep and it coincides with the areas impacted with lead. All excavated soil
will be temporarily stockpiled onsite for later disposal. All stockpiled soil will be placed on
and covered with plastic. During the excavation activities, water will be used to suppress dust
and air monitoring will be conducted with a dust meter. To determine compliance with the
SSCO, four confirmation soil samples will be collected from the excavation sidewalls and the
bottom and analyzed for total lead and leachable lead by TCLP. Any area that fails to meet the

SSCO, based on the confirmation sampling results, will be excavated further and resampled.

LEGGETTE, BRASHEARS & GRAHAM, INC.



220-

All excavated soil will be characterized and disposed of offsite at an appropriate facility in

accordance with all applicable regulations.

5.9  General Operation and Maintenance

5.9.1 Soil Vapor Extraction System

The general operation and maintenance of the SVE system will be twofold:
(1) the inspection of the mechanical equipment for undue wear and preventative
maintenance; and, (2) monitoring to track the progress of remediation and performance
of equipment according to the design parameters.

The operation of the blower and system air emissions will be monitored twice
per month. The following items will be monitored during each Site visit: (1) weather
conditions; (2) equipment operations; (3) system influent and effluent emissions; and,
(4) status of extraction points. The weather parameters to be monitored include air
temperature, wind direction, cloud cover, barometric pressure and precipitation status.
The blower operations will be checked and the vacuum will be measured. The influent
and effluent air flow rates, photoionization detector (PID) readings and temperature will
be measured.

Upon equipment inspection, gauge readings will be recorded and the system will
be temporarily deactivated. During this deactivation period the two moisture separators
will be drained of any condensate that may have accumniated, air filters will be
inspected and replaced, if necessary.

The system will then be reactivated and the gauge readings will be recorded
again and compared with the pre-shutdown readings to ensure that the system 1s
operating correctly.

The air discharged from the remediation system wili be treated with vapor-phase

carbon. During the operation and maintenance visit, the air stream will be sampled for
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volatile organic compounds by EPA Method TO-14 before and after treatment. In
addition to the air samples, the airstream will also be monitored with a PID. The
vapor-phase carbon will be changed out periodically in order to maintain the proper air

emissions.

5.9.2 Ground-Water Pump and Treat

The operation of the pump and treat remediation system will be monitored twice
per month. The following items will be monitored during each Site visit: (1) weather
conditions; (2) equipment operation; and, (3) ground-water flow rate. The weather
parameters to be monitored include air temperature, wind direction, cloud cover,
barometric pressure and precipitation status. The status of the ground-water depression
pump, air stripper, liquid phase carbon and transfer pump will be checked and
appropriate gauges read and recorded. The water level in the recovery well(s) and all
adjacent monitor wells will also be recorded.

Influent and effluent water samples will be collected once per month and
analyzed by EPA Method 8260. The liquid-phase carbon will be changed out

periodically in order to maintain proper effluent VOC concentrations.

6.0 LOADING, TRANSPORT AND DISPOSAL OF IMPACTED DEBRIS

6.1 Waste Characterization

Prior to the loading, transport and offsite disposal, contaminated material will be
stockpiled and/or drummed and a sample will be collected and analyzed for waste
characterizatioﬁ. The sampling protocol, laboratory selection and parameters to be analyzed
will be in accordance with the permit issued by the regulatory agency overseeing the operation

of the selected licensed disposal facility.
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Onsite sampling for waste characterization will be conducted under the supervision of
the Site Supervisor prior to offsite disposal and will follow accepted NYSDEC and industry
protocols as summarized in this Work Plan, Quality Assurance/Quality Control. The Site
Supervisor will maintain field notes of sample locations and copies of the chains of custody to
be made available to the NYSDEC Project Manager for review.

The results of the laboratory analyses will be available to the NYSDEC Project
Manager in a timely manner upon receipt of the analyses from the selected laboratory. Based
on the results of the laboratory analyses, the waste will be characterized (i.e. hazardous, non-
hazardous, etc.) and a determination of the ability of the licensed disposal facility to accept the

contaminated material will be made.

6.2  Offsite Disposal of Contaminated Material

Upon approval for disposal at the selected disposal facility, the waste will be loaded
into vehicles permitted by the New York State Department of Transportation (NYSDOT) and
transported offsite under manifest by a licensed waste hauler. The loading and preparation of
the manifest documents will be under the supervision of the Site Supervisor. Copies of the
manifest(s) will be maintained by the Site Supervisor and made available to the NYSDEC

Project Manager for review.

7.0 SCHEDULE
1. Remediation of Soil in the Former Drum Storage Area.
. installation of SVE wells completed
. SVE pilot test October 28 through November 8, 2002
2. Remediation of First Floor.
. installation of SVE pipes November 1 through November 15, 2002

) Installation of vapor barrier November 15 through November 27, 2002
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3. Remediation of Basement.
. installation of SVE pipes November 1 through November 15, 2002
. installation of vapor barrier November 27 through December 15, 2002

4. Temporary SVE pilot testing, December 15 through December 30, 2002.

5. Installation of extraction well, November 15 through November 20, 2002.

6. Installation of permanent remediation system, December 15 through
February 15, 2003

7. Start up of permanent operation, February 28, 2003.

8.0 REPORTING AND NO FURTHER ACTION REQUEST

After satisfactory completion of all onsite remedial activities, and review of the
laboratory and disposal documentation, a Site Closure Report summarizing the success of the
remediation effort will be prepared. No further action will be requested conditioned upon
performance of an Operation, Maintenance and Monitoring (OM&M) Plan which will include

quarterly ground-water monitoring and maintenance of engineering controls.

8.1 FEvaluation of Field and Laboratory Data

8.1.1 Closure/Backfilling of Excavation

The Site Supervisor’s field notes relating to the visual delineation and field
screening of the material in the excavations will be summarized in the Report. Also
included will be the laboratory results of the endpoint sampling in relationship to New
York State Department of Environmental Conservation (NYSDEC) standards outlined
in Technical and Administrative Guidance Memorandum #4046 (TAGM),
Determination of Soil Cleanup Objectives and Cleanup Levels, January 24, 1994. This
information in conjunction with a DUSR prepared for tﬁe samples, will support the

approval for closure.
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8.1.2 Reporting of Results of Onsite Air Monitoring

In compliance with the Site Health and Safety Plan, the report will include the
results of the air monitoring of the workplace for detectable levels of organic vapors
and dust. Also included will be field logs and a discussion of those actions, if
necessary, that were taken to ensure no offsite migration of detected odors/vapors that

might have been generated during intrusive onsite activities.

§.2  Verification of Disposal Documentation

All disposal documentation including the waste characterization results, completed
waste manifests and weight tickets/quantity vouchers will be verified for accuracy, summarized
and included in the Site closure report. Also included will be a copy of the current license
and/or permit of the waste hauler(s) and disposal facility(s) selected and approved for the

project.

8.3  Evaluation and Summary of the Remedial Action

The report will include an evaluation and summary of the remedial efforts taken in
support of the project. These efforts will include the initial tasks required for the removal of
impacted soil and sediment, efforts taken to define the extent of the excavations and those
activities accomplished to complete the project such as backfilling, installation of the liner and

passive venting system, and waste disposal.

8.4  Ground-Water Monitoring

Quarterly ground-water monitoring will be implemented and a report will be submitted
to NYSDEC approximately one month after each sampling event. A copy of the laboratory
analytical reports will also be included. Water-table elevation and flow data, including ground-

water contour maps, will also be reported.

LEGGETTE, BRASHEARS & GRAHAM, INC.



-25-

8.5 Request for Closure
Upon acceptance of the report regarding the remedial work by the NYSDEC, a petition
to the NYSDEC for Site closure in the form of a No Further Action Letter will be prepared.
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LEGGETTE, BRASHEARS & GRAHAM, INC.
110 CORPORATE PARK DRIVE, SUITE 112
WHITE PLAINS, NEW YORK 10604
(914) 694-5711

SITE SPECIFIC HEALTH AND SAFETY PLAN
21-16 44" ROAD
LONG ISLAND CITY, NEW YORK

This Health and Safety Plan (HASP) is intended to provide a basic framework for the
Voluntary Cleanup Program (VCP), Index Number D2-0023-00-08 by Virginia S. Peterson, as
Trustee, Wendy Peterson Smithson, Judy Ann Sarkisian, Arthur Corey Sarkisian, David P. Close,
as Successor Executor/Trustee, Gabrielle V. Sarkisian as Successor Executor/Trustee and
Frederick Hanssen, as Successor Executor/Trustee pursuant to the New York State Department
of Environmental Conservation (NYSDEC) VCP. The procedures provided herein are intended
as a guide for all Leggette, Brashears & Graham, Inc. (LBG) and subcontractor employees who
will be involved in the performance of the project.

The primary objective of the FIASP is to establish work-safety guidelines, requirements
and procedures before field activities begin and during the field activities. The following
information was prepared specifically for field operations by personnel to enforce and adhere to
the established rules as specified in the HASP. The HASP will be provided to all personnel to aid
in accomplishing the following objectives:

- monitoring the effectiveness of the HASP as it is conducted in the field by

performing field operation audits;

- following up on any pecessary corrective actions;

- interacting with regulatory agencies and/or client representatives regarding

‘modifications of health and safety actions; and

- stopping work should conditions warrant such action.

All personnel will have had health and safety training in accordance with OSHA Interim
Final Standard 29 CFR 1910 or as may be amended. A copy of LBG's Corporate Safety Policy
and Drug and Alcohol Policy is attached in Appendix A.
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1.0 ORGANIZATION AND RESPONSIBILITIES
The organization and responsibilities for implementing safe site-investigation procedures,

and specifically for the requirements contained in this manual, are described in this section.

1.1 Project Manager

The LBG Project Manager will be responsible for the overall implementation and
monitoring of the health and safety program by:

* ensuring appropriate protective equipment is available and properly used by all
personnel, in accordance with the HASP;

. ensuring personnel health and safety awareness by providing them with proper
training and familiarity with procedures and contingency plans;

. ensuring all personnel are apprised of potential hazards associated with the site
conditions and operations;

o supervising and monitoring the safety performance of all personnel to ensure their
work practices are conducted in accordance with the HASP;

. correcting any work practices or conditions that would expose personnel to possible

injury or hazardous condition;

. communications with the onsite Health and Safety Officer (HSO);

. ensuring sufficient protective equipment is provided and used;

. promptly initiating emergency alerts; and,

. communicating with the client and/or regulatory agency representatives.

1.2  Onsite Health and Safety Officer

The LBG HSO will be onsite during all field activities. The HAO will be accountable for
the direct supervision of personnel from the subcontractors and other LBG personnel with regard
to:

* health and safety program compliance;

. maintaining a high level of health and safety consciousness among employees at the

work site; and,

. reporting accidents within LBG jurisdiction and undertaking corrective action.
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1.3  Field Personnel
All field personnel will report directly to the onsite HSO, and will be required to:
. be familiar with, and conform to, provisions of the HASP;
. ensure that they are well informed of potential hazards at the work site and exercise
informed consent in their work;
. report any accidents or hazardous conditions to the onsite HSO; and,
. have complete familiarity with their job requirements and the health and safety

procedures involved.

1.4  Reporting of Accidents and Unsafe Conditions

If an accident occurs, the HSO and the injured person(s) are to complete an Accident
Report for submittal to the project manager, who will forward a copy to the principal-in-charge

who should ensure that follow-up action is taken to correct the situation that caused the accident.

1.4.1 Disciplinary Actions for Safety Related Infractions
If an infraction of the Health and Safety Plan is discovered by the Project Manager or the

onsite HSO, each case will be dealt with individually. The infraction will be investigated and a
disciplinary meeting held with the offender. Disciplinary actions may include a performance
deficiency evaluation entered into the employee's personnel file, correction of problem after the
disciplinary meeting or removal of the offender from the project. Repeated infractions will not

be tolerated and will be dealt with accordingly.

1.4.2 Safety Inspections
Safety inspections will be conducted periodically by the Project Manager. The Project

Manager will be familiar with the Health and Safety Plan before performing an onsite visit. While
onsite, the Project Manager will evaluate the effectiveness of the plan and offer any suggestion for
improvement. Although Project Managers are responsible for periodic safety inspections and
evaluation of the Health and Safety Plan, the onsite HSO is responsible for daily observation and

evaluation of Health and Safety Plan effectiveness.
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1.4.3 Safety Meetings

Prior to the start of field activities, a meeting will be held to discuss the potential hazards
at the site, with a review of the required protective clothing and procedures observed at this site.
As needed, daily meetings will be held to discuss any changes in the hazards. A site safety
briefing form will be filled out each day the HSO holds a meeting and signed by all the attendees

of the meeting.

2.0 HAZARD EVALUATION

The exposure limits of chemical constituents which may be encountered are listed in
table 1. These constituents would possibly be encountered in ground water and/or soil and
comprise the major concerns for personal health. The protection of personnel and the public from
exposure to these substances by inhalation, oral ingestion, dermal absorption or eye contact is
included as a primary purpose of this plan.

The onsite HSO is responsible for determining the level of personal protection equipment
required. The HSO will perform a preliminary evaluation to confirm personal protective
equipment requirements once the site has been entered. When work-site conditions warrant, the
onsite HSO will modify the level of protection to be utilized. The existence of a situation more
hazardous than anticipated will result in the suspension of work until the Project Manager and
client representative has been notified and appropriate instructions have been provided to the field

team.

3.0 COMMUNITY AIR MONITORING PLAN

A photoionization detector (PID) and a dust meter will be used to continueusly monitor
ambient air quality at the Site during all ground-intrusive activities. Records of these data will be
maintained by the onsite HSO. During drilling operations, air quality will be monitored at each
drilling or boring location, especially near the top of the boreholes as samples are taken. Work
operations which involve handling of potentially hazardous substances will include continuous
contaminant monitoring using the PID and the dust meter. In addi;ion, field monitoring will be
performed when work is initiated at different portions of the site, when a new operation is initiated

and/or when potentially leaking drums or containers are going to be handled. When deemed
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necessary or desirable by the onsite HSO, area monitoring will be used in potentially hazardous
zones. Area monitoring will be performed as plans and conditions dictate, and in accordance with
the HASP and with the goal of accident and hazardous condition prevention in mind. Instrument
calibration information is included in Appendix B.

For the compounds previously identified to be most prevalent, the lowest 8-hour exposure

limit is listed on table 1.

3.1 Yapor Emission Response Plan

If the ambient air concentration of organic vapors exceeds 5 ppm above background at the
perimeter of the work area, activities will be halted and monitoring continued. Work activities
will also be halted if the downwind particulate level is 150 ug/m’ greater than the upwind
particulate level. If the organic vapor level decreases below 5 ppm above background, work
activities can resume. If the organic vapor levels are greater than 5 ppm over background but less
than 25 ppm over background at the perimeter of the work area, activities can resume provided:

. the organic vapor level 200 feet downwind of the work area or half the distance to

the nearest residential or commercial structure, whichever is less, is below 5 ppm

over background.

If the organic vapor level is above 25 ppm at the perimeter of the work area, activities will
be shutdown. When work shutdown occurs, downwind air monitoring as directed by the Safety
Officer will be implemented to ensure that vapor emission does not impact the nearest residential

or commercial structure at levels exceeding those specified in the Major Vapor Emission section.

3.2 Major Vapor Emission

If any organic levels greater than 5 ppm over background are identified 200 feet downwind
from the work area or half the distance to the nearest residential or commercial property,
whichever is less, all work activities will be halted.

If, following the cessation of the work activities, or as the result of an emergency, organic

levels persist above 5 ppm above background 200 feet downwind or half the distance to the nearest
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residential or commercial property from the work area, then the air quality will be monitored
within 20 feet of the perimeter of the nearest residential or commercial structure (20 Foot Zone).

If efforts to abate the emission source are unsuccessful and if the following levels persist
for more than 30 minutes in the 20 Foot Zone, then the Major Vapor Emission Response Plan
shall automatically be placed into effect.

. if organic vapor levels are approaching 5 ppm above background.

However, the Major Vapor Emission Response Plan shall be immediately placed into effect if

organic vapor levels are greater than 10 ppm above background.

33 Major Vapor Emission Response Plan

Upon activation, the following activities will be undertaken:

1. All Emergency Response Contacts as listed in the Health and Safety Plan of the
Work Plan will be notified.

2. The local police authorities will immediately be contacted by the Safety Officer and
advised of the situation.

3. Frequent air monitoring will be conducted at 30 minute intervals within the 20 Foot
Zone. If two successive readings below action levels are measured, air monitoring

may be halted or modified by the Safety Officer.

4.0 LEVELS OF PROTECTION

The level of protection anticipated to perform work on this investigation is Level D, unless
otherwise upgraded. Only protective equipment deemed suitable by the onsite HSO for use at the
work site will be worn. Any changes in protection levels shall be documented by the onsite HSO.
Field personnel should exercise informed judgment on protective equipment requirements at active
work sites or at work sites that have been repeatedly entered or occupied without apparent harm.
In any case where doubt exists, the safest course of action must be taken. The protective

equipment to be used by field personnel is listed below.
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4.1 LevelD
. hard hat;
. safety glasses, shatter-proof prescription glasses or chemical splash goggles;
. boots/shoes, leather or chemical-resistant, steel toe and shank;
. coveralls; and,
. chemical resistant gloves.

At a minimum, protective headgear, including protective hearing devices, eyewear and

footwear will be worn at all times by personnel working around the drilling equipment.

4.2 LevelC

o hard hat;

. boots, leather, steel toe and shank;

. outer boots, chemical resistant;

. chcmical—resistant gloves (solvex),

. Tyvek or Saranex suit; and,

. Air purifying respirator with organic vapor cartridge and dust and mist filter.
43 LevelB

. pressure-demand, self-contained breathing apparatus;

. standby escape pack;

. chemical resistant clothing (Saranex suit),

o outer gloves (Solvex);

o inner gloves (surgical);

. outer boots (chemical resistant);

. inner boots (leather, steel shank and toe); and,

. hard hat.

5.0 SAFE WORK PRACTICES AND HYGIENE .
In addition to the use of protective equipment, other procedures will be followed to

minimize risk:
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all consumptive activities including eating, drinking or smoking are prohibited
during the drilling, sampling and decontamination activities;

an adequate source of potable water for emergency use will be available at the
drilling sites (two liters per person per day);

fire extinguishers will be available at the work sites for use on equipment or small
fires when appropriate; and,

an adequately stocked first-aid kit will be maintained at the work site at all times

during operational hours.

Heat Stress

In order to avoid heat stress several preventative measures will be observed:

Workers will drink a 16-ounce glass of water prior to work (in the morning and
after lunch). Water will be contained in a cooler, maintained at a temperature
below 60°F. Workers will be encouraged to drink approximately every 20 minutes
during days of extreme heat.

Workers will be encouraged to wear long cotton underwear under the heat-retaining
protective clothing required by Level C.

In extreme hot weather, field activities will be conducted in the early mornings and
late afternoons.

Rest breaks in cool or shaded areas will be enforced as needed.

Toilet facilities will be made available to site workers, unless transportation 1s
readily available to nearby toilet facilities.

Good hygiene practices will be encouraged, stressing the importance of allowing
the clothing to dry during rest periods. Anyone who notices skin problems should
receive medical attention immediately.

If there are support personnel available outside the work zone, they should observe
the workers in the exclusion zone to monitor signs of stress, frequency of breaks,

etc.
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5.2 Cold Stress and Exposure

In order to avoid cold stress, several preventative measures will be observed,

. work will not take place when the temperature falls below -20°F. (The wind chill
factor should be a major consideration);

. clothing should be worn in layers, so that personnel can adapt to changing
conditions and various levels of physical stress;

. if possibie, breaks should be taken in a heated vehicle or building, but care should
be taken to remove outer clothing during the break;

o have on hand extra inner clothing in case perspiration builds up;

o keep insulated containers of warm liquids available for breaks outside of the

exclusion zone;

. be aware of the signs of frostbite and take immediate remedial measures; and,
* take extra precautions around areas subject to ice buildup, such as sanding slippery
surfaces.

6.0 WORK ZONE

'To prevent unauthorized personnel from entering areas where active operations are being
performed, the area enclosing the operation will be marked.

Typically, VOC projects such as this one installation of monitor wells, monitoring of wells,
installation and operation of treatment systems and observation of tank and trench excavation

work. Safety issues with respect to this type of work are included in Appendix C.

7.0 DECONTAMINATION

An area will be set aside within the work zone for decontamination. The type of
decontamination procedures used will be based on the level of protection required. Decontam-
ination of Level D protective wear will consist of brushing heavily soiled boots to remove soils,
rinsing gloves and safety glasses (and overboots, if worn) with water, and removing and storing
coveralls in plastic bags before leaving the work zone, if heavily soiled or suspected of having
been in contact with site contaminants. For detailed decontamination, equipment and procedures,

refer to Appendix D.
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8.0 CONTINGENCY PLAN FOR EMERGENCIES

In the event of a safety or health emergency, appropriate corrective measures must
immediately be taken to assist those who have been injured or exposed and to protect others from
hazard. The onsite HSO will be notified of the incident immediately. If necessary, first aid will

be rendered.

dmd
October 24, 2002
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SITE SAFETY BRIEFING

Fob Name:
Date: April 2002
Site Location: 21-16 44™ Road, Long Island Citv, New York

SAFETY ISSUES (Circle appropriate information)

Tasks: Drilling, Ground-Water Monitoring, Treatment System
O&M, UST or Trench Excavation

Protective Clothing/Equipment: Level D, LevelC, Level B, ILevel A

Chemical Hazards: Gasoline, Diesel Fuel, Heating Oil, Number 2 Oil

Physical Hazards: Car Traffic, Construction Equipment, Confined Space,
Overhead Wires

Control Methods: Cones, Restricted Access, Traffic Control Personnel

QOther:

Hospital Name/Address:

ATTENDEES

Print Name: Sign Name:

Meeting conducted by:
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AIR MONITORING

General Information

Name(s): Background Level:
Date: Weather Conditions:
Time:

Project:__ 21-16 44" Road

Long Island City, New York

Equipment Calibration

PID Ccal
Sample No. Time Location | PID Reading | Comments CGI Reading
(ppm) %0, %1EL

1
2
3
4
5
6
7
8
9
10

1%4[23 17, 2002

reports\FurmaniPremier Storageigeneral hspfrmsl.rpt
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Air Monitoring Data

General Information

Name(s):

Project/Location:

Equipment Used: MINIRAM

Background Level:

Weather

Total Time
(min)

dmd
May 17, 2002
reports\Furman\Premier Storagetgeneral hspfrmsl.rpt
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CONTACT SHEET

Client: Virginia S. Peterson, as Trustee, Wendy Peterson Smithson. Judy Ann
Sarkisian, Arthur Corey Sarkisian, David P. Close, as Successor
Executor/Trustee, Gabrielle V., Sarkisian as Successor Executor/Trustee
and Frederick Hanssen.as Successor Executor/Trustee

Project: 21-16 44" Road

Location: Long Island City. New York

Task:

Client Contact: Scott Furman, Esq. and Alicia A. Weissmeier, Esq.

Leggette, Brashears & Graham, Inc.
(914) 694-5711 (914) 694-5744 (fax)
Field Supervisor (HSO): Sean Groszkowski

Project Manager: Sean Groszkowski

Principal-in-Charge: Dan C. Buzea

Iocal Police Headquarters: 108 Precinct, Long Island City, New York
(718) 784-5411

Local Hospital: Elmhurst Hospital, 79-01 Broadway
(corner of Baxter), Elmhurst, New York
Emergency Room: (718) 334-4000
State Police: State Government Police, New York Marshalls Bureau,

80 Maiden Lane, Floor 17, New York. New York,
{(212) 825-5953

Miscellaneous: New York State Department of Environmental Conservation
(NYSDEC) Region 2. 1 Hunters Point Plaza, 47-40-21% Street.
Long Island City, New York (718) 482-4500

dmd
June 12, 2002
reports\Furman\Premier Storage\general hspfrmsl.rpt
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DIRECTIONS TO LOCAL HOSPITAL:

Elmhurst Hospital
79-01 Broadway
Elmhurst, New York

Total Distance: 2.0 miles
Total Estimated Time: 5 minutes
. Go east on 44™ Drive to in Jackson Avenue

Merge onto Jackson Avenue and proceed north

. Go east (right) on Queens Boulevard at the intersection

. Go northeast {left) on Greenpoint Avenue which changes to Roosevelt Avenue
. Make a right onto Broadway

. Elmhurst is two (2) blocks on the left at 41* Avenue

dmd

May 17, 2002
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EXCLUSION ZONE LOG SHEET

LEGGETTE, BRASHEARS & GRAHAM, INC.
110 CORPORATE PARK DRIVE, SUITE 112
WHITE PLAINS, NEW YORK 10604

Client: Virginia S. Peterson, as Trustee, Wendy Peterson Smithson, Judy Ann
Sarkisian. Arthur Corey Sarkisian, David P. Close. as Successor
Executor/Trustee, Gabrielle V. Sarkisian as Successor Executor/Trustee and
Frederick Hanssen, as Successor Executor/Trustee

Location: 21-16 44 Road, Long Island City, New York

dmd
Tane 12, 2002
reports\Furman\Premier Storagegeneral hspfrms1.rpt
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LEGGETTE, BRASHEARS & GRAHAM, INC.
~ SAFETY POLICY

Job safety is a common-sense part of everyone's life, but requires constant alertness to
possible dangers. When we work on industrial sites, LBG employees are expected to observe the
safety rules of our Client hosts.

You are the first line of defense for your own personal safety. In the field, appropriate
clothing should be worn at all times. Where appropriate, work shoes with hard toes and/or ankle

protection should be worn at all times. Sneakers/tennis shoes should never be worn in the field.

regardless of the circumstances.

LBG provides hard hats that should be worn around any drilling operations and in any
other "hard hat zones". Where required, safety glasses, goggles, protective gloves, respirators,
and other safety clothing or equipment should be worn and disposed of as specified by the Project
Safety Officer.

Periodically, LBG provides special safety seminars which satisfy the OSHA requirements
for work on hazardous waste sites. In-house safety training is conducted on an ongoing basis and
as dictated by case-by-case needs. There is a Corporate Safety Officer in the Trumbull,
Connecticut headquarters and a designated Safety Officer in each regional office to whom
questions and problems relating to job safety should be referred.

Any project that involves or may involve hazardous or toxic waste or any potentially
dangerous condition requires the preparation, filing, use and compliance with a Health and Safety
Plan (HASP). LBG has a petroleum related work HASP that can be readily adapted to most
petroleum jobs and has numerous site-specific HASPS that comply with state and federal CERCLA

requirements that can be used for guidance in developing site-specific HASPS. =

dmd
May 17, 2002
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LEGGETTE, BRASHEARS & GRAHAM, INC.
GENERAL DRUG AND ALCOHOL POLICY

In any company, certain common-sense rules of conduct and performance must be
established for the employees to follow in order to avoid any misunderstanding and to protect the
right of all concerned. Breaches of acceptable conduct which include, but are not limited to,
abusive language, insubordination, intoxication, moral turpitude, or substance abuse/possession
can lead to disciplinary action or to dismissal.

While performing any service for LBG or LBG's clients, employees, agents, and
subcontractors of LBG shall not: (1) be under the influence of alcohol or any controlled
substance; (2) use, possess, distribute, or sell illicit or unprescribed controlled drugs, drug
paraphernalia, or alcoholic beverages; or (3) misuse legitimate prescription drugs.

LBG may remove from active project status any of its employees any time there is a
reasonable basis for suspicion of alcohol/drug use, possession, or impairment involving such
employee, and at any time an incident occurs where drug or alcohol use could have been a
contributing factor. In such cases, employee may only be considered for return to work after LBG
certifies as a result of a for-cause test, conducted immediately following removal, that said
employee is in compliance with this policy.

LBG reserves the right to require drug and alcohol testing for its employees, either for its
own purposes or at the direction of Clients. Such testing may take place periodically, or for
specific projects. The testing will be in compliance with Department of Transportation drug

testing regulations.

dmd
May 17, 2002
1 reports\Furman\Premier Storage\general hspappa.tpt
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LEGGETTE, BRASHEARS & GRAHAM, INC.
AIR MONITORING EQUIPMENT OPERATION

Instrument Calibration

All applicable instruments will be calibrated daily before use. Readings will be recorded

on the Air Monitoring form.

Background Readings
Before any field activities commence, the background levels of the site must be read and

noted. Daily background readings must be conducted away from areas of potential contamination

to obtain accurate results.

Air Monitoring Frequency

All site readings must be noted on the Air Monitoring form along with the date, time,
background level, weather conditions, wind direction and speed, and the location where the

background level was recorded.

OVM 580B Calibration

¢ Turn the OVM on by pressing the ON/OFF switch.

. With the OVM running, press the MODE/STORE switch and then press the -/CRSR
switch when the OVM reads if "logging is desired".

*  Keep pressing the -/CRSR switch until OVM will display "reset to calibrate".

. Enter the calibration mode by pressing the RESET switch. The OVM will then display
"restore backup + = Yes".

. Press the -/INC switch and the OVM will display "zero gas reset when ready”.

. Connect zero gas to OVM and press RESET switch. The OVM will display "Model 580B
zeroing". ﬁ

. After the OVM calibrates the zero gas, it will display "span gas reset when ready".

. Connect span gas to OVM and press RESET switch.

LEGGETTE, BRASHEARS & GRAHAM, INC.



. When OVM displays "reset to calibrate”, the OVM has calibrated the span gas.
o To exit calibration mode, press MODE/STORE switch.

HNU PI-191 Calibration
. Battery check--The function switch should be turned to BATT. The needle should be in

the green region; if not, recharge the battery.

. Zero set--The function switch should be turned to STANDBY. In this position, the lamp
is OFF and no signal is generated. The zero point should be set with the ZERO set
control.

. (sas standard--The standard should be connected to the probe. The function switch should
be turned to the range position of the standard and the meter reading should be noted. The
SPAN control setting should be adjusted, as required, to read the parts per million (ppm)
concentration of the standard. The zero setting should be rechecked.

. Lamp cleaning--If the span setting from calibration is 0.0 or calibration cannot be
achieved, then the lamp must be cleaned.

. Lamp replacement--If the lamp output is too low or if the lamp has failed, it must be

replaced.

MSA Explosimeter Model 2A Calibration Instructions

Before the calibration can be checked, the instrument and its aspirator sampling bulb must

be in operating condition, as described in the instrument instruction manual.

° The flow control should be attached to the calibration gas tank.

. The hose should be connected to the flow control and to the instrument inlet fitting.

. The control valve should be opened. -

. The meter reading should be recorded after it stabilizes. Note: It is not necessary for the

aspirator bulb to be operated for the calibration sample to be obtained. If the instrument
does not read within the acceptable range, the detector filament unit should be replaced and
the calibration check procedure should be repeated.

. The flow control valve should be closed.

. The hose should be removed from the flow control and from the inlet fitting on the

LEGGETTE, BRASHEARS & GRAHAM, INC,



instrument.
. The flow control should be removed from the calibration gas tank.
dmd
May 17, 2002
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L EGGETTE, BRASHEARS & GRAHAM, INC.
VOLATILE ORGANIC COMPOUNDS
PROJECT WORK ZONE CONSIDERATIONS

1.0 EXCAVATION
The following requirements, which apply to all types of excavation operations, except
tunnels and shafts, are taken from the U.S. Department of the Interior, Bureau of Reclamation’s

Construction Safety Standards. They are not intended to be an exhaustive set of requirements, but

rather, a summary of current practices that are being enforced at construction activities by Federal
and state government agencies and private industry. The requirements were assembled in
cooperation with the Associated General Contractors of America, the American National Standards

Institute, labor unions, and other interested in improving safety.

1.1 Preliminary Inspection

Prior to excavation, the site should be thoroughly inspected to determine conditions that
require special safety measures. The location of underground utilities, such as sewer, telephone,
gas, water, and electric lines, must be determined and plainly staked. Necessary arrangements
must be made with the utility company or OWner for the protection, removal, or relocation of the
underground utilities. In such circumstances, excavation will be done in a manner that does not
endanger the employees engaged in the work or the underground utility. Utilities left in place
should be protected by parricading, shoring, suspension, or other measures, as pecessary.

1.2  Protection of the Public

Necessary barricades, walkways, lighting, and posting should be provided for the
protection of the public prior to the start of excavation. Excavation operations on or near state,
county, Or City streets, accessways, or other Jocations where there is extensive interface with the
public and/or motorized equipment will not start until all of the following actions have been taken:

. The contractor has contacted the authority having jufisdiction and obtained written

permission to proceed with protective measures required.
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. The contractor, using the authority’s instructions and these standards, has
developed an extensive and detailed standard operating plan.
. The plan has been discussed with affected employees, and applicable protective

measures are in place and functioning.

1.3 Access and Lighting

Safe access will be provided for employees, including installation of walkways, stairs,
ladders, etc. When operations are conducted during hours of darkness, adequate lighting will be
provided at the excavation, borrow pits, and waste areas.

Where employees are required to enter excavations over 4 feet in depth, stairs, ladders,
or ramps must be provided, so as 10 require no More than 25 feet of lateral travel. When access
to excavations exceeds 20 feet vertically, ramps, stairs, or personnel hoists should be provided.
Ladders extending from the bottom of the trench to at least 3 feet above the top must be placed

within 25 feet of workers in the trench.

1.4  Personal Protective Equipment

PPE will be provided and used in accordance with the specific requirements set forth in
the plan. Drillers and helpers must wear approved safety goggles or safety glasses with side

shields, hearing protection, hard hats, and safety shoes.

1.5 Removal of Trees and Brush

Prior to excavation, trees, brush, boulders, and other surface obstacles that present a

hazard to employees should be removed. 2

1.6 Slide Prevention and Trenching Requirements

All trench excavations over 5 feet in depth must be shored, shielded, or sloped to the angie
of repose from the bottom of the trench, but never less than 3/4 horizontal to 1 vertical (i.e.,
37 degrees from vertical), or supported by structures designed by 2 professional engineer.
Excavations should be inspected following rainstorms or other hﬁzardous events. Additional

protection against possible slides or cave-ins shall be provided, as necessary.
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1.7 Angle of Repose

The determination of the angle of repose and design of supporting systems should be based
on a thorough evaluation of all pertinent factors, including depth of cut; possible variation in water
content of the material; anticipated changes in the material from exposure to air, sun, water, or
freezing; loading imposed by structures, equipment, or overlying or stored material; and vibrations
from sources such as traffic, equipment, and blasting. The angle of repose for all excavations,
including trenching, should be determined by a professional engineer, but in no event should the
slope be less than 3/4 horizontal to 1 vertical (i.e., 37 degrees from vertical) from the bottom of

the excavation.

1.8 Support Systems

Materials used for support systems, such as sheeting, piling, cribbing, bracing, shoring,
and underpinning, should be in good serviceable condition, and timbers should be sound and free
of large or loose knots. The design of support systems should be based on calculations of the
forces and their directions, with consideration for surcharges, the angle of internal friction of
materials, and other pertinent characteristics of the material to be retained.

When tight sheeting or sheet piling is used; full loading due to the ground-water table
should be assumed unless relieved by weep holes, drains, or other means. Cross braces and trench
jacks should be placed in true horizontal position and secured to prevent sliding, falling, or
kickouts. Additional stingers, ties, and bracing should be provided to allow for any necessary
temporary removal of individual supports. Support systems should be planned and designed by
a professional engineer competent in the field.

Backfilling and removal of trench support systems should progress together from the
bottom of the trench. Jacks or braces should be released slowly. Inunstable soil, ropes or other
safe means will be used to remove the braces from the surface after workers have left the trench.

Special precaution must be taken in sloping or shoring the sides of excavations adjacent to
a previously backfilled excavation or fill area. The use of compacted backfill as backforms on
slopes that are steeper than the angle of repose of the compacted @aterial in its natural state is

prohibited.
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1.9  Structural Foundations and Footings

Except in hard rock, excavations below the level of the base of any foundation, footing,
or retaining wall will not be permitted unless the wall is underpinned and all necessary precautions
are taken to ensure the stability of adjacent walls. If the excavation endangers the stability of
adjacent buildings or structures, shoring, bracing, or underpinning designed by a gualified person
will be installed. Such supporting systems must be inspected at least daily by qualified persons
to ensure that protection is adequate and effectively maintained.

Small diameter footings that workers are required to enter, including bell-bottomed
footings over 4 feet deep, must be provided with a steel casing or support system of sufficient
strength to support the earth walls and prevent cave-ins. The casing or support system shall be
provided for the full depth, except for the bell portion of bell footings.

Fixed or portable ladders must be provided for access. A lifeline, securely attached to a
shoulder harness, should be worn by every employee entering the footing. The lifeline should be

manned from above and should be separate from any line used to raise or lower materials.

1.10 Vertical Cuts and Slopes

Before a slope or vertical cut is undercut, the residual material must be adequately

supported and the undercutting method and support system must be inspected.

When exposed to falling, rolling, or sliding rocks, earth, or other materials, employees

working below or on slopes or cuts should be protected in the following manner:

. By effective scaling performed prior to exposure and at intervals necessary to
eliminate the danger.

. By the installation of rock bolting, wire mesh, or equivalent support-if the material
continues to ravel and fall after scaling.

. By the installation of protective timber or wire mesh barricades at the slope of the
cut and at necessary intervals down the slope. Wherever practical, benching
sufficient to retain falling material may be used in lieu of barricades.

. By ensuring that personnel do not work above one another where there is danger

of falling rock or earth. Personnel performing work on vertical cuts or slopes

LEGGETTE, BRASHEARS & GRAHAM, INC.



5.

where balance depends on a supporting system must wear appropriate safety

equipment.

1.11 Ground Water

Ground water should be controlled. Freezing, pumping, draining, and other major control

measures should be planned. Full consideration should be given to the existing moisture balance
in surrounding soil and the effects on foundations and structures if it is disturbed. When
continuous operation of ground-water control equipment is necessary, an emergency power source

should be provided.

1.12 Surface Water

The accumulation of surface water in excavations must not be permitted and should be

controlled by diversion ditches, dikes, dewatering sumps, or other effective means.

1.13 Excavated Materials

Excavated materials should be laced and retained at least 2 feet from the depth of the
excavation, or at a greater distance when required to prevent hazardous loading on the face of the

excavation.

1.14 Protective Devices

‘Guardrails, fences, barricades, and warning lights or other illumination systems will be
maintained from sunset to sunrise on excavations adjacent to walkways, driveways, and other
pedestrian or vehicle thoroughfares. Walkways or bridges that are protected by standard
guardrails should be provided where employees are required or permitted to Cross over
excavations.

Wells, calyx holes, pits, shafts, and all similar hazardous excavations must be effectively
barricaded or covered and posted. All temporary excavations of this type should be backfilled as
soon as possible, When mobile equipment is permitted adjacent to ,_‘excavations with steep slopes

or cuts, substantial stoplogs or barricades should be installed.
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1.15 Equipment Operation
Equipment that is operated on loading or waste areas must be equipped with an automatic

backup alarm. Additionally, when employees are on foot or otherwise endangered by equipment
in dumping or waste areas, a competent signalman should be used to direct traffic. The signalman
must have 0o other assignment that interferes with signaling duties. If the equipment or truck cab
is not shielded, the operator should stand clear of the vehicle during loading. Excavating or
hoisting equipment should not be allowed to raise, lower, or swing loads over workers unless

effective overhead protection is provided.

1.16 Drilling Operations

When drilling in rock or other dust-producing material, the dust should be controlled
within the OSHA Permissible Exposure Limits (PELs). Except in shaft and mnnel excavation,
dust control devices are not required on jackhammers as long as the operators wear approved dust

respirators.

2.0  DRILLING SAFETY
2.1  Basic Requirements

Employees will not proceed with work on, or in the proximity of, hazardous equipment
until they have been properly trained and have received a safety briefing. If drilling is at a
hazardous substance site, the site-specific safety plan must be reviewed onsite and discussed in the
safety briefing.

Potential hazards (e.g., overhead or underground power, oil, or gas lines in the immediate
vicinity of the drilling location) must be removed, avoided by relocating the drill site, or
adequately barricaded to eliminate the hazard.

The use of unsafe or defective equipment is not permitted. Equipment must be inspected
regularly and, if found to be defective, must be immediately removed fromuse and either repaired
or replaced.

Employees will be familiar with the location of first—aiqﬁ kits and fire extinguishers.

Telephone numbers for emergency assistance must be prominently posted and kept current,
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2.2 General Requirements at Drilling Operations

2.2.1 Housekeeping

Good housekeeping conditions should be observed in and around the work area. Suitable
storage places should be provided for all materials and supplies. Pipe, drill rods, etc., must be

securely stacked on solid, level sills.
Work surfaces, platforms, stairways, walkways, scaffolding, and accessways will be kept

free of obstructions. All debris will be collected and stored in piles or containers for removal and

disposal.

2.2.2 Salamander Heaters

Salamanders will be used only with approved fuels (e.g., do not use gasoline). Salamander
heaters must not be refueled or moved until they have been extinguished and permitted to cool.
Heaters will be equipped with exhaust stacks and will not be set on or placed near combustible
material. They should be equipped with metal stands that will provide adequate stability and
permit at least a 2-inch clearance under the unit.

Burning salamanders must be attended at all times, with suitable fire extinguishers available
to each attendant. If tarpaulins or other flexible materials and used to form a heating enclosure,
they must be fire resistant and installed to prevent contact with the heater. Worn salamanders that

have developed holes or have been otherwise damaged will be replaced and removed from service.

2.2.3 Lighting

In addition to providing required or recommended illumination intensities of at least 5 foot-
candles, consideration should be given to the selection and placement of lighting equipment. |
Proper lighting should provided minimum glare, eliminate harsh shadows, and provide adequate
illumination to perform work efficiently and safely.

Light bulbs should be of the heavy duty, outdoor, nonshattering type.

All lighting circuits, including drop cords, should be grounded and have ground fault
interrupters. Lighting circuits will be inspected periodically, and defective wiring or fixtures will

be removed from service.
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2.2.4 Flammable Liquids

All highly flammable liquids should be stored and handled only in approved containers.
Portable containers must be the approved red safety containers equipped with flame arresters and
self-closing lids.

Approved hand pumps will be used to dispense gasoline from barrels. Gasoline must not
be used for degreasing or to start fires. Also, gasoline containers should be clearly labeled, and
storage areas should be posted with "No Smoking" signs. Fire extinguishers should be installed

in all areas that contain flammable liquids.

2.2.5 Public Safety
Work areas will be regulated so that the public will be protected from injury or accident.
Adequate danger signs, barriers, etc., will be placed to effectively warn the public of hazards as

well as to restrict access to dangerous areas.

2.3 Off-Road Movement of Drill Rigs

The following rules apply to the off-road movement of drill rigs:

. Before moving a drill rig, an inspection should be made of the route of travel for
depressions, slumps, gullies, ruts, and similar obstacles.

. The brakes of a drill rig carrier should always be checked before traveling,

particularly on rough, uneven, or hilly ground.

. All passengers should be discharged before a drill rig is moved on rough or hitly
terrain.
. The front axle of 4 x 4 or 6 x 6 vehicles or carriers should be -engaged when

traveling off-road on hilly terrain.

. Caution should be used when traveling on a hillside. The hillside capability of drill
rigs should be evaluated conservatively, because the addition of drilling tools may
raise the center of mass. When possible, travel should be made directly uphill or
downhill. )

. Obstacles such as small logs, small erosion channels; or ditches should be crossed

squarely, not at an angle.
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. When lateral or overhead clearance is close, someone on the ground should act as
a guide.
. After the drill rig has been moved to a new drilling site, all brakes or locks should

be set. Wheels should be blocked on steep grades.
. The mast (derrick) of the drill rig should not be in the raised or partially raised
position during off-road travel.

. Ioads on the drill rig and supporting trucks should be tied down during transport.

2.4 Drilling Equipment
2.4.1 Skid-Mounted Units

Labels clearly indicating the function and direction of control levers should be posted on
the lower unit controls of all drills.

An emergency safety power shutoff device should be installed within reach of the operator
on all units. The device should be clearly tabeled or otherwise made readily identifiable and
checked daily to ensure that it is operable. The power unit should be operated only by authorized
and qualified personnel.

Equipment will be shut down during manual lubrication and while repairs or adjustments
are being made. Equipment such as internal combustion engines will not be refueled while
running. Where practical, the gasoline tank should be positioned or shielded to avoid accidental
spillage of fuel on the engine or exhaust manifold during refueling operations. Hazardous gears
and moving parts also should be shielded to prevent accidental contact.

A dry chemical or carbon dioxide fire extinguisher, rated 5 pounds or larger, should be
carried on the unit and removed to a position within 25 feet of the work site during drilling
operations. Extinguishers will be inspected and tagged at least once every 3 months.

Engine exbaust systems should be equipped with spark arresters when operated in areas

where sparks constitute a fire hazard.

2.4.2 Overhead and Underground Utilities

Special precaution must be taken when using a drill rig on a site within the vicinity of

electrical power lines and other atilities. Electricity can shock, burn, and cause death.
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Overhead and underground utilities should be located, noted, and emphasized on ail boring
location plans and assignment sheets. When overhead electrical power lines exist at or near a
drilling site, all wires should be considered dangerous.

A check should be made for sagging power lines before a site is entered. Power lines
should not be lifted to gain entrance. The appropriate utility company should be contacted and a
request should be made that it lift or raise and cut off power to the lines.

The area around the drill rig should be inspected before the drill rig mast (derrick) is raised
4t a site in the vicinity of power lines. The minimum distance from any point on the drill rig to
the nearest power line should be determined when the mast is raised or is being raised. The mast
should not be raised and the drill rig should not be operated if this distance is less than 20 feet,
because hoist lines and overhead power lines can bé moved toward each other by the wind.

The existence of underground utilities, such as electric power, gas, petroleum, telephone,
sewer, and water lines, should always be suspected. These underground electric lines are as
dangerous as overhead lines, S0 a utility locating service should always be contacted.

There are generally two types of utility locating services. One is a "free" service that is
paid for by companies with underground pipes, lines, etc., to protect the public and to prevent
costly repairs. However, these services have access only to drawings for primary pipes or lines,
typically on public property or right-of-way easements, but not to drawings showing supply or
feeder lines from a primary system to the interior of 2 property. Therefore, they are not required,
and in fact hesitate, to locate interior lines. Sites can be cleared for drilling by such services, but
without the drill operator's knowledge of the locations of underground feeder or supply lines.

A second type of locating service is provided by a paid subcontractor who physically
sweeps or clears interior locations using locating equipment. Locating costs can be minimized by
obtaining all available maps, drawings, and employee interview information before contracting
with the locating company. This is especially important at large industrial plants or military bases,
which can have an intricate network of underground utilities. It is important that every location
he cleared, even those for hand-auger borings.

If a sign warning of underground utilities is located on a site boundary, it should not be

assumed that underground utilities are located on or near the boundary or property line under the
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sign; they may be a considerable distance from the sign. The utility company should be contacted
to check it out.

The owners of utility lines or the nearest underground utility location service should always
be contacted before drilling is started. However, remember that some services provide
information on utilities going to, but not within, a site. Metal detectors or other locating
cquipment may be necessary to determine the presence of shallow (surface) utilities onsite. The
utility personnel should mark or flag the location of the underground lines and determine what

specific precautions must be taken to ensure safety.

2.4.3 Site Selection and Working Platforms

In preparing a work site located on adverse topography, precautions must be taken against
cave-ins, slides, and loose boulders. The drill platform should be stabilized by outriggers or
adequate timbering.

Prior to drilling, adequate site clearing and leveling should be performed to accommodate
the drill rig and supplies and to provide a safe working area. Drilling should not commence when
tree limbs, unstable ground, or site obstructions result in unsafe tool-handling conditions.

Suitable storage locations should be provided that allow for the convenient handling of
tools, materials, and supplies without danger that they could fall and injure anyone. Storing or
transporting tools, materials, or supplies within or on the drilling mast {derrick) should be
avoided. Pipes, drill rods, bits, casings, augers, and similar drilling tools should be securely
stacked in an orderly manner on racks or sills.

Penetration hammers or other types of driving hammers should be placed at a safe location
on the ground or secured when unattended on a platform. Work areas, platforms, walkways,
scaffolding, and other accessways should be kept free of obstructions and substances such as ice,
grease, or oil that could create a hazardous surface. All controls, control linkages, and warning
and operation lights and lenses also should be kept free of ice, grease, or oil.

In the vicinity of power transmission or distribution lines, driils should be adequately
grounded and set with at least a 15-foot clearance between any part of the drill or mast and the

power lines.
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Toilet facilities will be convenient to drill crews, ot transportation will be readily available
to nearby toilet facilities. Toilets will be either the chemical type or constructed over ground pits,
which will be backfilled when abandoned. They should be fly tight and maintained in a sanitary
condifton.

Mud pits and drainage excavations should be safely sloped and located to provide minimum
interference with work. Where necessary, suitable barricades, catwalks, etc., should be provided
to reduce the possibility of personal injury. Ladders will be positioned in pits or excavations that
are 5 or more feet deep. Such excavations should be periodically inspected to ensure safe
operation and adequate maintenance.

Truck-mounted drills will be equipped with a "safetyline” or with clearly marked and
conspicuously located emergency switches. The safetyline emergency stop consists of a taut wire
that runs around the back of the machine and connects to a special switch that turns off the power
unit when the line is contacted. When emergency switches are used in lieu of a safetyline, there
should be a minimum of two switches--one located within easy reach of the operator, and one
located within easy reach of workers at ground level near the drill or auger head.

Trucks should not be moved backward unless the driver has personally inspected the area
behind the truck. In restricted or congested areas, or areas where workmen are located, the
assistance of a "spotter" is mandatory. Also, trucks will be equipped with serviceable automatic
backup alarms.

Before the mast is raised, personnel will be cleared from the immediate area—with the
exception of the operator and a helper, when necessary. A check should be made to ensure safe
clearance from energized power lines or equipment. Unsecured equipment must be removed from
the mast, and cables, mud lines, and catline ropes must be adequately secured to the mast before
raising. After it is raised, the mast must be secured to the tig in an upright position with steel
pins.

Drill equipment will not be moved until a thorough inspection has been made to ensure that
the mast, drill rods, tools, and other equipment are secured. A check will also be made of the
steering mechanism, brakes, lights, load limits, and proper flagging and lighting of load
extensions. Applicable traffic laws will be observed when moving drill equipment over public

roads.
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2.5 Surface Drilling Operations

Before the mast of a drill rig is raised and drilling is commenced, the drill rig must first
be leveled and stabilized with leveling jacks and/or solid cribbing. The drill rig should be
releveled if it settles after the initial setup. The mast should only be lowered when the leveling
jacks are down, and the leveling jack pads should not be raised until the mast is completely
lowered. Before drilling operations start, the mast should be secured or locked, if required by the
drill's manufacturer.

Before the power unit is started, all gears should be disengaged, the cable drum brake
should be set, and no rope should be in contact with the cathead.

Before the mast is raised, a check should be made for overhead obstructions. Everyone
(with the exception of the operator) should be cleared from the areas immediately to the rear and
sides of the mast and informed that the mast is being raised. The drill rig should not be driven
from hole to hole with the mast in the raised position.

The drill rig should only be operated from the position of the controls. The operator
should shut down the drill engine before jeaving the vicinity of the drill. "Horsing around” in the
vicinity of the drill rig and tool and supply storage areas is strictly prohibited, even when the drill
rig is shut down. Caution should be taken when mounting/dismounting the platform.

Drill operations should be terminated during an electrical storm.

The consumption of alcoholic beverages, depressants, stimulants, or any other chemical
substance while on the job is strictly prohibited. All unattended boreholes must be adequately
covered or protected to prevent people or animals from stepping or falling into the hole. When
the drilling project has been completed, all open boreholes should be adequately covered,
protected, or backfilled, according to local or state regulations. -

A safety chain and cable arrangement should be used to prevent water swivel and mud line
whip. All water swivels and hoisting plugs should be checked for possible frozen bearings and
shouid be properly lubricated before use. A frozen bearing could cause mud line whip, which
could injure the operator.

Only drill operators should brake or set the chucks to prevent engagement of the
transmission prior to removal of the chuck wrench. Also, the chuck jaws should be periodically

checked and replaced as necessary.

LEGGETTE, BRASHEARS & GRAHAM, INC.



-14-

A string of drill rods should not be braked by the chuck jaws during lowering into the hole.
A catline or hoisting cable and plug should be used for braking prior to tightening of the chuck.
Failure to follow this procedure could result in steel slivers on the rods, possible hand injuries,
and loss of the rods into the hole. Following braking, drill rods should be allowed to drain
completely before removal from the working area.

Drill rods will not be lowered into the hole with a pipe wrench. Serious back and hand
injuries may result if the rods are lowered by this method.

When using drilling fluids, a rubber or other suitable wiper should be used to remove the
material from the drill rods when removing them from the drill hole. When drilling with air, the
exhaust and cuttings should be directed away from workers with devices such as diverter heads,
the use of which should be stipulated on drilling agreements where appropriate.

Care must be exercised by the operator to avoid a sudden hoist release of the drill rod
while the rod is being carried from the hole. The hoisting capacity and weight of the drill rod
must be known to prevent collapse of the mast during drill string removal from the hole. The
operating capacity of the mast and hoist also must be known and must not be exceeded.

When tool joints are broken on the ground or on a driiling platform, fingers should be
positioned so they will not be caught between the wrench handle and the ground or the platform
if the wrench slips or the joint suddenly lets go. Pipe wrench jaws should be checked periodically

and replaced as they become worn.

2.6  Use of Augers
The use of mismatched auger sections should be avoided. Different brands and different

weights should not be used in the same auger flight. -

Because some pins lose their temper after very little use, causing the spring or clip section
to fail, only tight-fitting pins designed for the auger should be used.

A daily inspection—to include a thorough check of the hydraulic hoses, connections, and
valves-will be made before equipment is used. Deficiencies should be corrected or safe condition
verified before the equipment is started. ‘

A durable sign containing the following wording should be installed on all equipment in

full view of the operator:
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All personnel must be clear before starting this machine
Stop the auger to clean it
Stop engine when repairing, lubricating, or refueling

Do not wear loose-fitting clothing or gauntlet-type gloves.

The following general procedures should be used when advancing a boring with continuous

flight or hollow-stem augers:

3.0

An auger boring should be started with the drill rig level, the clutch or hydraulic
rotation control disengaged, the transmission in low gear, and the engine running
at low revolutions per minute (rpm).

A system of responsibility should be established for the series of activities required
for auger drilling, such as connecting or disconnecting auger sections and inserting
or removing the auger fork. The operator must be sure that the tool handler is well
away from the auger column and that the auger fork has been removed before
rotation is started.

Only the manufacturer's recommended method of securing the auger to the power
coupling should be used. The coupling or the auger should not be touched with the
hands, a wrench, or any other tool during rotation.

Tool hoists should be used to handle auger sections whenever possible. Hands or
fingers should never be placed under the bottom of an auger section when the auger
is being hoisted over the top of the auger section in the ground or other hard
surface, such as the drill rig platform. Feet should never be allowed to get under
the auger section that is being hoisted.

Workers should stay clear of the auger and other rotating components of the drill
rig. Workers should never reach behind or around a rotating auger for any reason.
Hands or feet should never be used to remove cuttings from the auger.

Augers should be cleaned only when the drill rig is in neutral and the augers have
stopped rotating. A special paddle should be designed for cleaning auger flights;

if available, pressurized water 1 recommended for jet cleaning.

REMEDIATION SYSTEM EQUIPMENT
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LBG operates remediation systern equipment at various sites. Remediation equipment
includes but is not limited to pump and treat, soil vapor extraction, two-phase vapor extraction,
liquid and vapor phase granular activated carbon, thermal destruction and air stripping tower
systems. This brief list of safety requirements cover hazards specific to this type of operation.
The list assumes that safety requirements for standard operations inherent in SVE operations are
already being followed, such as 29 CER 1910.120 "Hazwoper" planning, training, and other
requirements; Or drilling, trenching, and shoring safety practices.

The components of a typical remediation system equipment can include an electric or

gasoline powered motor, 2 carbo absorption bed, and various filters, piping, and controls.

3.1  Basic Requirements
3.1.1 General

Employees will not proceed with work on, or in the proximity of, the remediation
equipment until they have been properly trained and have attended a safety briefing covering the
hazards involved. This may in the formof a "tailgate” safety briefing or amore extensive session,
depending upon the extent of the hazards, the employees' safety knowledge, and site-specific
exposures.

The use of unsafe or defective equipment is not permitted. Equipment must be inspected
regularly and, if found to be defective, immediately removed from use and repaired or replaced.

Employees should be familiar with the location of first-aid kits and fire extinguishers.
Telephone numbers or radio frequencies for emergency assistance must also be prominently postéd

and kept current.

3.1.2 Housekeeping

Good housekeeping practices should be observed in and around the work area. Suitable
storage should be provided for all materials and supplies.

Any work surfaces, platforms, stairways, walkways, scaffolding, or accessways should be
kept free of obstructions. Any debris should be collected and stored in piles or containers for

removal and proper disposal.
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3.1.3 Flammable Liquids

All highly flammable liquids should be stored and handled only in approved containers.
Portable containers must be of the approved, red safety container type, equipped with flame
arresters and self-closing lids.

Approved hand pumps should be used to dispense gasoline from drums. Gasoline must not
e used for degreasing or starting fires. Also, gasoline containers should be clearly labeled, and
any storage areas should be posted with "No Smoking" signs. Fire extinguishers should be

installed in all areas that contain flammable liquids.

3.1.4 Public Safety
Work areas should be regulated so that the public will be protected from injury or accident.

Adequate danger signs, barriers, etc., should be placed to effectively warn the public of hazards

a5 well as to restrict access to dangerous areas.

3.1.5 Drilling Safety

Construction of soil-vapor extraction systems requires installation of soil-vapor extraction

wells and separate air inlet wells. Safety requirements for drilling operations should be followed.

3.2 Specific Reguirements
3.2.1 Chemical Hazards

Some of the primary chemical hazards at remediation operations are site contaminants
related to volatile organic compounds. Typically, contaminants are drawn from extraction wells
and treated with carbon absorption units and/or are incinerated. Additional chemical hazards
associated with these treatment technologies include fuel for the incinerator and activated carbon
saturated with site contaminants. Manufacturers' Material Safety Data Sheets should be available
on site for all neat chemical compounds used.

Personnel can be exposed to site contaminants during sampling and equipment
maintenance. Because soil-vapor extraction systems are typically closed systems terminating in
contaminant oxidization or absorption apparatus, chances of eprsure incidents during normal

operations are minimal. If chemical exposure occurs, however, it is most likely during sampling
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or equipment maintenance. Sampling typically includes sampling of site soils ox ground water to
measure the long-term effectiveness of remediation activities, or sampling process water or vapors
to determine the efficiency of treatment technologies in capturing or destroying the contaminants.

A potential for exposure exists during maintenance procedures because of cleaning
sediment from knockout pots and from general piping system repairs.

In order to minimize the potential hazards associated with chemical exposure, all site
workers should have a knowledge of particular site hazards and contaminants. Based upon site
conditions, proper personal protective equipment should be worn such as hard hats, chemical

protective clothing, and safety shoes.

3.2.2 Physical Hazards

Physical hazards can be managed by general housekeeping in work areas and routine
equipment maintenance. Scaffolding may be erected around water stripping towers and

incinerators and should be inspected periodically, as part of a routine maintenance procedure.

3.2.3 Pressure
Remediation systems typically recover soil vapors or ground water from beneath the
ground surface. Remedial equipment should be shut off when maintenance activities or repairs

occur.

3.2.4 Electric Hazards

Recause several types of equipment in remediation systems are commonly powered by
electricity, electrical hazards exist at these remedial sites. Liquid ring vacuum pumps, knockout
pumps, air stripper holding tanks and pumps, and other elements of the treatment units are
frequently powered by electricity. General housekeeping and equipment maintenance are
necessary to prevent electrical safety hazards. Worn switches and wiring should be quickly
repaired, use of water should be controlled, and unnecessary spills prevented. Ground fault
interrupters (GFI) should be used on all circuits carrying power from a nearby indoor source to

outdoor equipment or from an outdoor portable generator to equipment. Equipment should also
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be properly grounded as a protection against shocks, static electricity, and lightning if an electrical

Storm oOccurs.

3.2.5 Lighting

In addition to providing required or recommended illumination intensities of at least 5 foot-
candles for nighttime operation, consideration should be given to the selection and placement of
lighting equipment. Proper lighting should provide minimum glare, eliminate harsh shadows, and
provide adequate illumination to perform work efficiently and safely. Light bulbs should be of
the heavy duty, outdoor, nonshattering type.

All lighting circuits, including extension cords, should be grounded and have GHI

protection. Circuits and extension cords should be inspected periodically.

3.2.6 [ncinerator/Treatment System

Thermal hazards exist with incinerators, and boundaries should be set up to prevent contact
with headed surfaces. Additjonally, proper thermal protection should be available for personnel
working at the incinerator. Vapor extractor pumps should be set to shut off automatically if the
incinerator shuts off, to prevent accumulation of high concentrations of volatile compounds that

could result in an explosion hazard.

3.2.7 Carbon Bed Temperature

A hazard related to carbon absorption units is the heat of reaction, which is high for some
materials, such as ketones, treated in high concentrations. SVE equipment should be designed to
take this into account when carbon absorption is employed and the bed temperature must be
monitored.

Typically, but not Jimited to, two carbon units will be piped in series to treat the recovered
vapors. Carbon units will be changed out according to the air permit guidelines.

When carbon units are changed out, the primary unit will be taken off line, the secondary
unit will become the primary unit, and a fresh carbon vessel will become the secondary unit.

All field activities will be initiated in Level D. If the actio'ﬁ levels specified in Table 5-1

are reached, an upgrade will be made to Level C.
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3.2.8 Vapor Emission Response Plan

If the air concentration of (chlorinated) organic vapors exceeds 5 ppm above background
in the exhaust of the treatment system, the system exhaust will be continuously monitored and
necessary actions will be taken to reduce system emissions to 3 ppm--for example, by bleeding air
into the system, changing carbon canisters, etc. If the organic vapor levels measured in the
treatment system exhaust are between 5 ppm and 30 ppm above background, continue site
activities and perform continuous monitoring. If the organic vapor level exceeds 50 ppm above
background in the treatment system exhaust, shutdown work activities until the system is repaired.

Prior to beginning construction activities, notify fire departments and police as well as the
local emergency facility of planned site activities. These organizations should be briefed on the
nature of planned site work and given a schedule of the proposed tasks. Changes or modifications
to the planned work or schedule which could affect the need for emergency services shall be
communicated to these organizations. LBG shall communicate to the local hospital and fire
department what types of materials may be encountered at the site.

Should the level of total (chlorinated) hydrocarbons exceed 100 ppm for any single reading,
or should the explosimeter indicate in €Xcess of 10 percent of the lower explosive limit on any
single reading, work in that area will be shut down and personnel will be evacuated upwind.

Work will not resume there until authorized by the Site Safety Officer.
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3.2.9 System Start-Up and Initial QOperating Period

The VE system is designed to operate unattended 24 hours per day, 7 days per week. Once
the electrical connections are complete, LBG will begin system start-up.

LBG will monitor the system on a weekly basis during the month of operation. LBG field
personnel will use a photoionization detector (PID) to monitor the VE system emissions before
GAC treatment. LBG will monitor between GAC units and at the point of vapor emissions to
determine GAC breakthrough and compare those concentrations to air emissions standards. These
measurements will be used to estimate the amount of VOCs removed from tbe soil and the rate at
which the GAC is being used to treat vapor phase emissions. As part of the daily monitoring,

LBG will follow the Vapor Emission Response Plan.

3.2.10 Continued_Operations and Maintenance

After the first month of operation, LBG will monitor the system biweekly for the second
and third month. From the beginning of the fourth month to the remainder of the treatment

period, LBG will monitor the system once a month. The following data will be recorded on each

visit:
. Operating time
. Applied vacuum at blower inlet
. Induced vacuum at air inlet wells
. Vapor temperature at blower inlet
. Vapor temperature at blower outlet
. Pressure at bldwer outlet
. Concentrations of VOCs at blower outlet -
. Concentrations of VOCs in treated emissions.

LBG field personnel will analyze and record the vapor-phase VOC concentrations before

and after GAC treatment.

dmd
May 17, 2002
reports\FurmaniPremier Storage\general hspappe.rpt
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DECONTAMINATION PROCEDURES

Procedure for Level C Decontamination

Level C decontamination, if required, will take place on plastic sheeting so all

contaminated material can be contained for proper disposal.

Station 1: Segregated Equipment Drop
Deposit equipment used onsite (tools, sampling devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop cloths or in different containers with plastic liners.
Segregation at the drop reduces the probability of cross-contamination.
Equipment: ~ various size containers
plastic liners

plastic drop cloths

Station 2: Suit/Safety Boot Wash
Thoroughly wash splash suit and safety boots. Scrub with long-handle, soft-bristle scrub brush
and copious amounts of decon solution or detergent/water. Repeat as many times as pecessary.
Equipment: ~ container (30-50 gallons)
decon solution
or
detergent/water

2-3 long-handle, soft-bristle scrub brushes #
Station 3: Suit/Safety Boot Rinse

Rinse off decon solution or detergent/water using copious amounts of water. Repeat as many

times as necessary.
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Equipment: ~ container (30-50 gallons)
or
high-pressure spray unit
water

2-3 long-handle, soft-bristle scrub brushes

Station 4: Canister or Mask Change
If worker leaves Exclusion Zone to change canister (or mask), this is the last step in the
decontamination procedure. Worker's canisters will be exchanged, depositing the old canisters
in containers with plastic liners. The worker will enter the work area and return to duty.
Equipment:  canister (or mask)
boot covers

gloves

Station 5:
Step 1 - Tape, Safety Boot and Outer Glove Removal
Remove safety boots and gloves and deposit in container with plastic liner.
Equipment: ~ container (30-50 gallons)
plastic liners
bench or stool

boot jack

Step 2 - Splash Suit Removal
With assistance of helper, remove splash suit. Deposit in container with plastic liner.
Equipment: ~ container (30-50 gallons)
bench or stool

liner
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Step 3 - Facepiece Removal

Remove facepiece. Avoid touching face with gloves. Deposit facepiece in container with plastic

liner.
Equipment:  container (30-50 gallons)

plastic liners

Masks will be collected at a central location. Decontamination will be performed as follows:

. remove all cartridges, canisters and filters, plus gaskets or seals not affixed to their
seats;

. remove elastic headbands,

U remove exhalation cover;

. remove speaking diaphragm or speaking diaphragm-exhalation valve assembly;

. remove inhalation valves;

. wash facepiece and breathing tube in cleaner mixed with warm water, preferably

at 120°F to 140°F; wash components separately from the face mask; remove heavy

soil from surfaces with a hand brush;

o remove all parts from the wash water and rinse twice in clean warm water,
o air dry parts in a designated clean area; and,
. wipe facepiece, valves and seats with a damp lint-free cloth to remove any

remaining soap or other foreign materials.

Station 6: Inner Glove Removal
Remove inner gloves and deposit in container with plastic liner.
Equipment:  container (20-30 gallons)

plastic liners
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Station 7: Inner Clothing Removal (optional)
Remove clothing soaked with perspiration. Place in container with plastic liner. Do not wear
inner clothing offsite if there is a possibility small amounts of contaminants might have been
¢ransferred in removing splash suit.

Equipment: ~ container (30-50 gallons)

plastic liners

Station 8: Field Wash (optional)
Shower if highly toxic, skin-corrosive or skin-absorbable materials are known or suspected to be
present. Wash hands and face if shower is not available. |
Equipment: — water
soap
tables
wash basins/buckets

field showers

Station 9: Redress

Put on clean clothes. A dressing trailer is needed in inclement weather.

Procedure for Level B Decontamination

Level B decontamination, if required, will take place on plastic sheeting so all contami-

nated material can be contained for proper disposal.

Station 1: Segregated Equipment Drop
Deposit equipment used onsite (tools, sampling devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop cloths or in different containers with plastic liners. Each

will be contaminated to a different degree. Segregation at the drop reduces the probability of

cross-contamination.
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Equipment: various size containers
plastic liners

plastic drop cloths

Station 2: Suit/Safety Boot Wash
Thoroughly wash chemical-resistant splash suit, SCBA, gloves, and safety boots. Scrub with
long-handle, soft-bristle scrub brush and copious amounts of decon solution or detergent/water.
Wrap SCBA regulator (if belt-mounted type) with plastic to keep out water. Wash backpack
assembly with sponges or cloths.
Equipment: container (30-50 gallons)
decon solution
or
detergent/water
2-3 long-handle, soft-bristle scrub brushes

sponges or cloths

Station 3: Suit/SCBA/Boot/Glove Rinse
Rinse off decon solution or detergent/water using copious amounts of water. Repeat as many
times as necessary. |
Equipment: container (30-50 gallons)
or
high-pressure spray unit
water
small buckets
2-3 long-handle, soft-bristle scrub brushes

sponges or cloths
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Station 4: Tank Change
1f worker leaves Exclusion zone to change air tank, this 1s the last step in the decontamination
procedure. Worker's air tank is exchanged and worker returns to duty.
Equipment: ~ air tanks
tape
boot covers

gloves

Station 5: Tape, Safety Boot and Outer Glove Removal
Remove safety boots and gloves and deposit in container with plastic liner.
Equipment: container (30-50 gallons)
plastic liners
bench or stool

boot jack

Station 6: SCBA Backpack Removal

While still wearing facepiece, remove backpack and place on table. Disconnect hose from
regulator valve and proceed to next station.

Equipment: table

Station 7: Splash Suit Removal
With assistance of helper, remove splash suit. Deposit in container with plastic liner.
Equipment:  container (30-to gallons) u
plastic liners

bench or stool
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Station 8: Facepiece Removal
Remove facepiece. Avoid touching face with gloves. Deposit in container with plastic liner.
Equipment: ~ container (30-50 gallons)

plastic liners

Masks will be collected at a central location. Decontamination will be performed as follows:

. remove all cartridges, canisters and filters, plus gaskets or seals not affixed to their
seats;

. remove elastic headbands;

. remove exhalation cover,;

. remove speaking diaphragm or speaking diaphragm-exhalation valve assembly;

. remove inhalation valves;

. wash facepiece and breathing tube in cleaner mixed with warm water, preferably

120°F to 140°F; wash components separately from the face mask; remove heavy

soil from surfaces with a hand brush;

. remove all parts from the wash water and rinse twice in clean warm water,
. air dry parts in a designated clean area; and,
. wipe facepiece, valves and seats with a damp lint-free cloth to remove any

remaining soap or other foreign materials.

Station 9: Inner Glove Removal
Remove immer gloves and deposit in container with plastic liner.
Equipment: ~ container (20-30 gallons)

plastic liners

Station 10: Inner Clothing Removal (optional)
Remove clothing soaked with perspiration. Place in container with plastic liner. Do not wear
inner clothing offsite since there is a possibility small amounts of ¢ontaminants might have been

transferred in removing fully encapsulating suit.
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Equipment: ~ container (30-50 gallons)

plastic liners

Station 11:  Field Wash (optional)
Shower if highly toxic, skin-corrosive, or skin-absorbable materials are known or suspected to be
present. Wash hands and face if shower is not available.
Equipment:  water
soap
small tables
basins or buckets

field showers

Station 12: Redress
Put on clean clothes. A dressing trailer is needed in inclement weather.
Equipment:  tables
chairs
lockers

clothes

Procedures for Level A Decontamination

(to be formulated on a case-by-case basis)

dmd
May 17, 2002
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GEOLOGIC LOGS AND SOIL VAPOR EXTRACTION
WELL CONSTRUCTION DIAGRAMS
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GEOLOGIC LOG OWNER:
HYDRO ENVIRONMENTAL SOLUTIONS, INC. WELL NO, : VE~-1
SOMERS, NEW YORK PAGE: 1 OoF 1 PAGES
SITE LOCATION: 21-16 44th Road SCREEN SIZE & TYPE: 4-inch SCH 40 PVC
Long Island City, New York
SLOT NO.: 20 SETTING: 3-21 ft bg
DATE COMPLETED: October 12, 2002 SAND PACK SIZE & TYPE: Silica guartz
DRILLING COMPANY: ADT, Inc. SETTING: 2-21 ft bg
CASING SIZE & TYPE: 4-inch SCH 40 PVC
DRILLING METHOD: Hollow-stem auger SETTING: Grade - 3 ft bg
6 1/4~inch
SAMPI,ING METHOD: Split spoon 2-inch SEAL TYPE: Granular bentonite
OBSERVER: LM SETTING: 1-2 ft bg
REFERENCE PQINT (RP}: BACKFILL TYPE: Natural cuttings {clean)
ELEVATION OF RP: STATIC WATER LEVEL:
STICK-UP: DEVELOPMENT METHOD:
SURFACE COMPLETION: DURATION: YIELD:
REMARKS: Start: 9:30 Finish: 10:30
ABBREVIATIONS: 8S = split spoon W = wash C = cuttings G = grab 3T = shelby tube
REC = recovery PPFM = parts per million £t bg = feet below grade MC = macro core sampler
DEPTH (FEET) SAMPLE BLOW COUNT REC. PIDY DESCRIPTION
TYPE READING
FROM TO (FEET) (PEM)
0 12 G - - 0 Fill; composed of medium sand, brown, dry,
no solvent, odor.
12%* 14 33 13-13-14-16 - 0 SAND, medium, brown, wet, no solvent odor.
14 21 G - - 0 SAND, as above, no odor.
Well set at 21 ft bg
* sample to lab
- dmd
October 24, 2002
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GEOLOGIC LOG OWNER:
HYDRO ENVIRONMENTAL SOLUTIONS, INC. WELL NWO. : VE-2
SOMERS, NEW YORK PAGE: 1 CF 1 PAGES
SITE LOCATION: 21-16 44th Road SCREEN SIZE & TYPE: 4—-inch SCH 40 PVC
Long Island City, New York
SLOT NO.: 20 SETTING: 2.5-22.5 ft bg

DATE COMPLETED: October 12, 2002 SAND PACK SIZE & TYPE: Silica guartz
DRILLING COMPANY: ADT, Inc. SETTING: 2-22.5 ft bg

CASING SIZE & TYPE: 4-inch SCH 40 PVC
DRILLING METHCD: Hollcow-stem auger SETTING: Grade - 2.5 ft bg

6 1/4-inch
SAMPLING METHOD: NS SEAL TYPE: Granular bentonite
OBSERVER: LM SETTING: 1-2 ft bg
REFERENCE POINT (RP}: BACKFILL TYPE: Natural cuttings {(clean)
ELEVATION OF RP: STATIC WATER LEVEL:
STICK-UP: DEVELOPMENT METHOD:
SURFACE COMPLETION: DURATION: YIFEID:
REMARKS : Start: 10:45 Finish: 12:40
ABBREVIATIONS: 88 = split spoon W = wash C = cuttings G = grab ST = shelby tube
REC = recovery PPM = parts per million ft bg = feet below grade MC = macro core sampler
DEPTH (FEET) SAMPLE BLOW COUNT REC PIDY DESCRIPTION
TYPE READING

FROM TO (FEET) {PEM)

0 23 G — - 0 Fill; composed of medium sand, overlying
natural medium sand, brown, ground water at
approximately 14 ft bg, no odor.

Well set at 22.5 ft bg
No sample for lab

dmd

Qctober 24, 2002
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GEOLOGIC LOG

CWNER :

EYDRO ENVIROMMENTATL, SOLUTIONS, INC. WELL NO.: VE-3
SOMERS, NEW YORK PAGE: 1 COF 1 PAGES
SITE LOCATION: 21-16 44th Road SCREEN SIZE & TYPE: 4-inch SCH 40 PVC
Long Island City, Ncw York
SLOT NO.: 20 SETTING: 3-23 ft bg
DATE CCMPLETED: October 12, 2002 SAND PACK SIZE & TYPE: Silica guartz
DRILLING COMPANY: ADT, Inc. SETTING:
CASING SIZE & TYPE: 4-inch SCH 40 PVC
DRILLING METHOD: Hollow-stem auger SETTING:
6 1/4-inch
SAMPLING METHOD: NS SEAL TYPE: Granular bentonite
OBSERVER: LM SETTING:
REFERENCE POINT (RP): BACKFILL TYPE: Natural cuttings {clean)

ELEVATION OF RP:

STATIC WATER LEVEL:

STICK-UP: DEVELOPMENT METHCD:
SURFACE COMPLETION: DURATION: YIELD:
REMARKS : Start: 12:45 Finish: 1:40
ABBREVIATIONS: 88 = split spoon W = wash C = cuttings G = grab ST = shelby tube
REC = recovery PPM = parts per million ft bg = feet below grade MC = macro core sampler
DEPTH (FEET) SAMPLE BLOW COUNT REC. pPIDY DESCRIPTION
TYPE READING
FRCM TO {FEET) (PPM)
0 10 G — 6.2 PEA STONE; moist, slight odor.
10 23 G - - 0.2 SAND; medium, brown, slight cdor.
Well set at 23 ft bg
No sample to lab
dmd
sQctober 24, 2002
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GEQLOGIC LOG

OWNER:

YYDRO ENVIRONMENTAL SOLUTIONS, INC.

WELL NO.: VE-4

SOMERS, NEW YORK

PAGE: 1 OF 1 PAGES

21-16 44th Road
Long Island Caity, New York

SITE LOCATION:

SCREEN SIZE & TYPE: 4-inch SCH 40 PVC

SLOT NO.: 20 SETTING: 3-22.3 £t bg

DATE CCMPLETED: October 12, 2002

DRILLING COMPANY: ADT, Inc.

SAND PACK SIZE & TYPE: Silica quartz

SETTING: 2-22.3 ft bg

CASING SIZE & TYPE: 4~inch SCH 40 PVC

DRILLING METHOD: Hollow-stem auger SETTING: Grade - 3 it bg

6 1/4-inch
SAMPLING METHOD: Split spoon 2-inch SEAL TYPE: Granular bentonite
OBSERVER: M SETTING: 1-2 ft kg

REFERENCE POINT (RP}):

BACKFILL TYPE: Natural cuttings {clean)

ELEVATION OF RF:

STATIC WATER LEVEL:

STICK-UP: DEVELOPMENT METHOD:
SURFACE COMPLETION: DURATION: YIELD:
REMARKS : Start: 1:45 Finish: 3:00
ABBREVIATIONS: S8 = split spoon W = wash C = cuttings G = grab ST = shelby tube
REC = recovery PPM = parts per million ft bg = feet below grade MC = macro core sampler
DEPTH (FEET) SAMPLE BLOW COUNT REC. PIDY DESCRIPTICN
TYPE READING
FROM TO (FEET) {PEM)
0 13 G — - 0.2 FILL; composed of medium sand, brown, dry,
very slight odor.
13+ 15 38 9-12-11-13 1.0 2.0 SAND; medium, brown, scme C&D material,
very slight odor, moist.
15 23 G - - Q SAND; as above, no odor.
Well set at 22.3 ft bg
* Sample to lab
Cdmd
October 24, 2002
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1.1.9

1.2.40

1.3.0

INTRODUCTION
1.1.1. Purpose

Quality assurance refers to means and actions employed by In-Line Plastics, LC (ILP) to assure
conformity of the lining system installation with the Quality Assurance Plan, drawings and
specifications.

This manual addresses the quality assurance of the installation of flexible membrane liners and
other geosynthetic products used by ILP in waste disposal landfills, surface impoundments or
other installations as specified by the owner and/or Engineer. This manual is a general guide and
not site specific.and delineates In-Line’s quality procedures and standards for installation.

Commonly use geosynthetic components of a lining system is being discussed in this manual. This
includes polyethylene geomembranes, geotextiles, geonets and geocomposites. This manual can
be a useful guide in delineating the quality assurance procedures and requirements for the
installation of al! the above geosynthetic products. The site specific QA depends on job
specifications and site conditions.

This manual does not address the quality assurance of soils, except in cases where soil placement
may have an influence on the geosynthetics.

1.1.2.  Scope of Quality Assurance

The scope of this manual includes the quality assurance applicable to shipment, handling, and
installation of all geosynthetics. In particular, full time quality assurance of the installation of
geomembranes and the installation of other geosynthetics is essential. ( See exhibit A for QA
Chart)

This manual does not address design guidelines, installation specifications, or selection of
geomembranes or other geosynthetics (which includes compatibility between geosythetic and
contained material). ,

Construction Meetings

1.2.1  Progress Meetings

It is recommended an informal daily instailation Progress Meeting be held among appropriate
parties to discuss current progress.

Delivery, Storage, and handling

Membrane delivered to the site shall be unloaded prior to In-Line crew arrival and stored with a minimum
of handling. Each roll will be uniquely labeled.

Inventory shall be taken at the time of delivery. As the membranc is unioaded, it shall be inspected for
damage. Any damage will be noted and repaired per specification. The “inventory Report” form will be
used as material is delivered. Any shortages shall be noted as missing items ordered.

Membrane material shall be handled with equipment that will not damage the membrane.
The storage area required shall be reasonably flat and well drained. The surface shall be free of sharp rocks or
other objects that may damage the membrane.
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2.1.0

The storage area must be as close as practical to the work area in order to minimize on site handling. The
storage area must also be secure to prevent vandalism and theft and must be such that the membrane is not
likely to be damaged by passing vehicles.
Equipment
1.4.1  Welding Equipment
Two practical types of welding equipment can be utilized: Wedge, and Extrusion.
A. Wedge Welding
For panel seaming with varying subgrade, the contractor shall provide automated welding
equipment. The equipment shall be capable of measuring the temperature at the wedge and
monitoring the automated equipment to assure it maintains a consistent pressure to achicve a
passing field weld.
The power source shall be capable of providing constant voltage under a combined-line load.
B. Extrusion Welding
For extrusion welding, the contractor shall provide a field extrus ion welder capable of

adhering a continuous bead between the panels with a nominal width of one inch. Extrusion
welders shall have a fixed preheat nozzle attached to the front of the extrusion welder.

142  Generators

Typically, a 6.5 kW or larger generator will be used at the work area and electrical extension cords
will be used to power the welding equipment.

1.4.3  Miscellaneous Equipment

Srnall tools will include hook blade utility knives, scissors with rounded points, hand leister, grinders,
and siticone or rubber rollers.

GEOMEMBRANE INSTALLATION
2.1.1  Earthwork
A. Surface Preparation )
The Earthwork Contractor shall be responsible for preparing the subgrade according to
the project specifications and the following minimum industry subgrade standard

necessary to properly install the liner.

Al The surface to be lined has been prepated so as to be free of irregularities,
protrusions, vegetation, excessive water, loose soil or abrupt changes in grade.

A2 The supporting surface does not contain stones or other matter of such
composition, shape or size which may be damaging to the geomembrane and

A3 There are no excessively soft surface areas |
Under no circumstances shall the installer deploy any geomembrane in areas not

acceptable within these guidelines. A completed surface acceptance from shall be
provided to the customer specifically indicating the areas accepted for geomembrane

-7
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installation during each day’s activities. This form shall be provided after installation
activities within that area. If at any time during the instaliation of the geosynthetic lining
system the prepared subgrade deteriorates, becomes damaged, or in any way is determine
unacceptable by the Site Supervisor, all liner installation work shall stop in those areas
and the condition of those areas brought to the attention of the appropriate party.

Anchor Trench

The anchor trenches shall be constructed by the Earthwork Contractor to the lines, widths
and depths as shown on the drawings and specifications. This task should be performed
prior to the geomembrane deployment. Pile excavated dirt away from the area to be
lined.

The edges where the geosynthetics enter the trench should be free of imegularitics,
protrusions, etc. to avoid potentiat damage to the material. Backfilling of the anchor
trench shall be the responsibility of the of the Earthwork Contractor in accordance with
specifications. Backfilling should occur when the geosynthetic material is at its most
contracted state to avoid potential bridging problems. Care must be taken to avoid
damaging the geosynthetics during backfilling.

Geomembrane Deployment

The site supervisor, in conjunction with the customer shall agree upon the following issues. If any
adverse situation or disagreement exists, the site supervisor shall delay deployment until issues are
resolved.

221
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Instzllation
The Site Supervisor shall proceed with deployment provided that:

e Deployment equipment does not damage the subgrade
e Personne! who are in contact with the liner do not smoke, wear damaging (non-soft
sole) shoes or engage in other activities which risk damage to the liner

Use of a low ground pressure, rubber-tired all terrain vehicle (i.e. ATV) is allowed on the
geosynthetic surface, provided proper care is taken to avoid damage and excessive traffic

Field panel placement installation sequence should take into account site drainage, wind
direction, subgrade surface, access 10 the site, and production schedule of the project.
Field panels should be seamed as soon as possible after deployment and all depioyed
material shall be marked with appropriate identification.

Visual Inspection

The Site Supervisor and/or the QA Technician and the designated Independent Inspector
shall visually inspect each panel, as soon as possible after deployment, for damage or
areas needing repair. Areas shall be marked for repair.

Field Seaming

Field seaming involves the bonding of adjacent panels using thermal methods.

23.1

Seam Layout

In general, seams shall be oriented parallel to the direction of maximum slope, L.e.
oriented along, not across, the slope. In corners and odd-shaped geometric locations, the
aumber of seams should be minimized. No horizontal seams should occur on a panel less
the five lincal feet from the toe of the slope. On slopes of less that 10% (6L: 1H), this rule
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shall not apply. A cross slope seam may be utilized provided the panel ends are cut atan
angle of approximately 45%.

A seam is considered a separate entity if it is the principal attachment that joins two or
more panels. Repairs are not considered seams in this context.

A numbering system using adjacent panel numbers shall identify each seam.
Seaming Equipment and Products

Approved processes for field seaming and repairing are extrusion welding and fusion
welding. All welding equipment shall have accurate temperature monitoring devices to
insure proper measurement of the welder temperatures.

A. Fusion Process

This process shall be used for seaming panels together and is not generally used for
patching or detailed work. The apparatus shall be of hot wedge type and is commonly
equipped with a “split wedge” to allow air pressure seam testing.

Fusion welding equipment shall be self-propelied devices and shall be equipped with
functioning wedge temperature and seaming speed controllers to assure proper control by
the Welding Technician.

B. Extrusion Process

This process shall be used primarily for repairs, patching, and special detail fabrication.
This method is also useful to connect new panels to previously installed liner that does
not have an exposed edge capable of being fusion welded.

The extrusion welding apparatus (hand welder) shall be equipped with temperature
monitoring devices.

Seam Preparation

The Welding Technician shall verify that prior to seaming the seam area is free of
moisture, dust, sand, or debris of any nature; the seam is properly heat tacked and
abraded when extrusion welding; and seams are performed to minimize “fishmouths”,

Trial Seams (Trial Welds)

Prior to production seaming, trial seams shall be made and accepted using project

specified criteria. Trial seams shall be made on appropriate sized picces of identical or

equivalent geomembrane material to verify that scaming conditions and procedures are
adequate. Each trial seam sample shall be assigned a number and the test results recorded
in the appropriate log.

e Trial seams shall be performed for each welder to be used and by each operator of
extrusion welders, and by the primary operator of each fusion welder.

e A passing trial scam shall be made prior to the beginning of each seaming period.

" Typically this is at the start of the day and after lunch break.

e  Fusion welded trial seam samples shall be approximately six feet long by one foot
wide with the seam centered lengthwise. For extrusion welding, the trial seam
sample size shail be approximately three feet long by one foot wide with the seam
centered lengthwise.

Panel Seams {Preduction Seaming)

Upon Acceptance of the trial seams, work may begin on deployed panels. All seams shall
be non-destructively tested. Each completed seam shall be labeled with pertinent
information.
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Non-Destructively Seam Testing.

[LP will only non-destructively test field seams for their full length using an air pressure
test or a vacuum test, if required by Engineer’s specifications. The purpose of non-
destructively tests is to demonstrate the leak resistance of the seam.

The Site Supervisor shall schedule all non-destructively testing operations in order to
ensure prompt demonstration of weld quality and the orderly progress of the project.

The QA Technician shall instruct the testing personnel regarding marking of repairs
needed, leaks and sign-off marks on seam and repairs.

a)

b)

Vacuum Testing

Vacuum testing is routinely performed on extrusion welds and can be performed
on the fusion welds. The equipment shall consist of a vacuum box assembly
with a vacuum gauge, 2 pumping device, and a soap solution.

'The following procedure shall be followed:

Wet a section of the seam with the soap solution. The seam section must be longer
that the vacuum box.

Place the vacuum box over the wetted area and apply body weight to form a seal
between the gasket and the liner.

Evacuate air to create a negative pressure of approximately 3 to 5 psig.

Observe the seam through the viewing window for pressure of soap bubbles emitting
from the seam.

If no bubbles are observed, reposition the box on the next wetted area for testing
with slight overlap.

If bubbles are detected, this indicates a leak in the seam, mark the area of the leak for
repair and retest.

Air Pressure Testing
Adr pressure testing is performed on seams made by a double-seam fusion
welding apparatus.

The equipment shall be comprised of the following:

An air pump, or air tank, capable of producing a minimum air pressure of 25 psig in
the seam channel

A sharp hollow needle to insert air into the air channel of the seam

A hot air gun or other heating device to seal the ends of the air chagnel

The following procedures shall be followed:

Seal both ends of the air channel of the seam to be tested.

Insert the needle into the air chamber at either end of the seam to be tested.
Pressurize the air channel to minimum of 15 psi. Allow the pressure to stabilize, and
if necessary, re-pressurize to 15 psi and note the pressuie.

With a minimum pressure of 15 psi stabilized in the air channel, the time of day
should be noted.

After approximately Sminutes, the air pressure should be read again.

If the difference between the two readings is more than 4 psi, the seam needs to be
retested

Upon completion of the air pressure test, the seam shall be marked and points
requiring repair identified.

i 5.
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Procedures for Air Pressure Test Failure
Should the seam fail the air pressure test, the following procedure shall be followed:

Reposition the apparatus and retest the same section

While the seam air-channel is under pressure, fraverse the length of the seam and
listen for the leak

While the seam air-channel is under pressure, apply a soapy solution to the seam
edge (do not trim excess material from edge of seam) and observe for hubbles
formed by escaping air

Re-test the seam in progressively smaller increments, until the area of leakage is
identified

Repair the identified teak area by extrusion welding the excess material at the edge
of the seam and then vacuum test

[n areas where the air channel is closed and the integrity of the weld is not suspect,
vacuum testing is acceptable

Destructive Seam Testing

Destructive seam testing will only be performed at selected locations, if required by
Engineer’s specifications. The purpose of these tests is to evaluate bonded seam strength
testing shall be performed as work progresses.

a)

b)

<)

d

e & =

Location and Frequency

The frequency of sample removal is commonly no more that one sample per 500
lineal feet of seam. The sample can be taken at the end of a seam to avoid a
repair.

Size of Samples

A sample segment twelve inches by twelve inches shall be cut with the seam
centered lengthwise. Additional segments may be cut for independent lab
testing, archival retain or other uses.

Sample Identification
The segment shall be marked with the appropriate destructive sample (D/S)
number.

Field Testing
Sample shall be tested in pecl and in shear using the following procedure:

Ten specimens of one-inch width shall be cut.

Five specimens shall be tested for peel. Fusion welds shall be tested from both sides.
Five specimens shall be tested for shear. .

The specimens shall be hand pulled to see if the seams exhibit a film tear bond
(FTB) (see Exhibits B & C). if specified samples can also be sent to In-Line Plastics
for in house testing in a tensiometer. Testing will occur at a rate of two inches per
minuge.

Pass/Fail Criteria

Seam shall exhibit a film tear bond (FTB) (see Exhibits B & C). For projects
that utilize a tensiometer, the following table provides minimum acceptable
values.



Seam Strength ]
ASTM D 4437
Shear Pecl
Product Name Thickness Extrusion Fusion Extrusion Fusion
ASTMD kN/m kN/m kN/m KN/m
5199 (Lb./in) (Lb./in) {Lb./in) (LB/in)
Mm (mils)
HDPE Smooth 0.75 (30) 9.4 (54) 9.4 (54) 6.3 (36) 7.3 (42)
HDPE Smooth 1.0 (40) 13.3(76) 13.3 (76) 8.7 (530) 10.3 (59)
HDPE Smooth 1.5 (60) 204 (117) 204 (117) 12,7 (78) 15.9 (91
HDPE Smooth 2.0 (80) 27.1(155) 27.1 (155) 18.2 (104) 211 (121)
LLDPE Smooth 0.75 30) 7.3(42) 7.3 (42) 6.1 (35) 6.1(35)
LLDPE Smooth 1.0 40) 9.8 (56) 9.8 (56) 8.4 (48) 8.4 (48)
LLDPE Smooth 1.5 (60) 14.7 (84) 14.7 (84) 12.6 (72) 12.6 (72)
LLDPE Smooth 2.0 (80) 19.6 (112) 19.6 (112) 16.8 (96) 16.8 (96)
Seam Strength
ASTM D 4437
Shear Peel
Product Name Thickness Extrusion Fusion Extrusion Fusion
ASTMD kN/m KN/m KN/m kN/m
5199 {Lb./in) (Lb./in) {Lb./in) (Lb./in)
Mm {tmils)
HDPE Textured 0.75 (30) 9.4 (54) 9.4 (54) 6.3 (36) 7.3 (42)
HDPE Textured 1.0 (40) 13.3(76) 13.3 (76) 8.7 (50) 10.3 (59)
HDPE Textured 1.5 (60) 204 (117) 20.4 (117) 12.7(78) 15.9(91)
HDPE Textured 2.0 (80) 27.1(155) 27.1 (155) 18.2 (104) 21.1(121)
LLDPE Textured 0.75 (30) 5.9 (34) 5.9(34) 50029 35.0(29)
LLDPE Textured 1.0 (40) 8.4 (48) 3.4 (48) 7.0 (40) 7.0 (40)
LLDPE Textured 1.5 (60) 13.0 (70) 13.0(70) 11.0 (60) 11.0 {60)
LLDPE Textured 2.0 (80) 16.8 (96) 16.8 (96) 14.0 (30) 14.0 (80)
In addition to these values, the sample shall not fail within the seam area. Three out of
five specimens meeting the above criteria will constitute a passing test.
f the seam fails the test, the following procedure shall be followed. Additional sample
segments of the same size shall be removed approximately 10 lineal feet in each direction
from the failed seam. Both of these sample segments shall be tested in accordance with
the criteria listed above and each segment must pass. This procedure is Tepeated until a
passing result is obtained. In lieu of taking an excessive number of samples, the entire
seam may be repaired as outlined in Section 2.3.8.a,
2.3.8  Defects and Repairs

All seams and non-seamn are
identification of defects. Identification of defects or repa

the sheet/seam with an appropriate marking device.

a)

Repair Procedures

Any portion of the polye
been marked for repair sh

following methods:

Patching:

as of the polyethylene lining system shalt be examined for
ir may be made by marking on

thylene lining system exhibiting 2 defect which has
all be repaired with any one or combination of the

using to repair holes, tears




+  Grind and re weld: used to repair small sections of extruded

seams
e Spot welding: used to repair small minor, localized flaws
e Flap welding: used to extrusion weld the flap of a fusion
weld in lieu of a full cap
» Capping: used to repatr failed seams
« Topping: application of extrudate bead directly to
exist

The suspected defect shall be demonstrable as out of specification and
detrimental to the performance of the liner.

The foltowing conditions shall apply to all the above methods:

e Surfaces of the polyethylene which are 0 be repaired shall be lightly
abraded to assure cleanliness

e All surfaces intended to receive extrudate must be clean and dry at the
time of the repair

«  All patches and caps shall extend at least four inches beyond the edge
of the defect, and all patches shall have rounded corners.

b) Verification of Repairs
Repairs shall be non-destructively tested according to the criteria established in
Section 2.3.6.e.

Repairs, which pass the non-destructive test, will be taken as an indication of an
adequate repair. Failed tests indicate that the repair must be re-done and re-
tested until a passing test result.

24.0 Lining System Acceptance

After work is complete, the Site Supervisor and/or QA Technician shall conduct a final inspection
(walk-down) of the area for confirmation that all repairs have been appropriately performed, all
test results are acceptable and the arca has all scrap, trash and debris removed. Only after careful
evaluation by the Site Supervisor and acceptance by the Customer shall any material be placed
upon the lining system.

The geosynthetic lining system will be accepted by the customer when:
« Installation of materials is completed.
e Verification of the adequacy of all seams and repairs, including associated
testing and documentation is completed

Signing a Certificate of Acceptance (see Attached) will indicate acceptance by all parties. Partial
area of the installation may be accepted in order to allow further construction of the project.

Handling

All geotextile, geonets, and geocomposites shall be handled in such a manner as to ensure they are not
damaged.

« On Slopes, the geosynthetics shall be securely anchored in the anchor trench and then rolled down the
slope in such a manner as to keep the material in tension. ;

e Sandbags shall be used to secure the edges of the material when the potential wind damage is
significant.
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3.3.0

4.1.0

« Cutting the material shall be done in such a manner as to prevent damage to any underlying or adjacent
geomembrane. :

¢ Care should be taken when deploying geosynthetic materials that stones, debris or other material is not
trapped by the geenet, geocomposites, geotextile or geosynthetic clay liner and which might damage the
geasynthetic or geomembrane.

Deployment and Instaliation

321  Geonet— Drainage Net
Geonet shall be overlapped approximately four inches and fastened together with plastic cable ties.

322  Geotextile/ Geonet Geocomposite
The geonet component shall be overlapped approximately four inches and fastened together with
plastic cable ties. The unbonded edge of the geotextile component shall remain overlapped.
Bonded edge of the geocomposite shall be overlapped approximately four inches and fastened
with plastic cable ties.

323  Geotextile
Geotextile may be installed by overlapping, by heat bonding (spot or continual basis) as indicated
in the specifications.

324  Geosynthetic Clay Liner
Seaming of GCLs is achieved by overlap the GCL panels approximately six inches. End-of-roll
seams shall be overlapped a minimun of 12”. Supplemental granular bentonite is required for
reinforced GCL. The granular bentonite shall be applied at a rate of one quarter pound per lineal
foot between the overlapping panels and at end-of-roll.

Geosynthetic Repair

33.1  Geonet— Drainage Net
Any tear larger than twelve inches shall be repaired. Patches shall extend at least six inches from
all sides of the tear and shall be fastened with plastic cable ties.

332  Geotextile/ Geonet Geocomposite
Holes and tears in the composite material shall be repaired with a patch of identical or similar
material extending at least 6” from all sides of the hole or tear and fastened with plastic cable ties.

333 Geotextile
Holes in geotextile material shall be repaired using 2 patch of identical or similar materials
extending approximately six inches on all sides from the hole or tear and heat bonded to parent
material. ’

334  Geosynthetic Clay Liner
The area to be repaired (patched) must be free of contamination by foreign matter. Patches should
have approximately twelve inches overlaps around the damaged area. For fabric-encased GCLs,
the patch is to be tucked into place with excess bentonite poured over the overlap. However,
temporary attachment of patches i3 required to ensure that the patch is not dislodged by covering
with geomembrane ot soil.

Exhibits
» A. QA Chart
% B. Pass/Fail Criteria — Hot Wedge Weld

% (. Pass/Fail Criteria — Extrusion Weld



4.2.0

In-Line Plastic’s Installation Forms

»

P

D.

E.

Subgrade Acceptance
Preweld Qualification

Daily Progress Report Master
Destructive Sample Report

Certificate of Acceptance

- 10-
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DESTRUCTIVE TESTING OF DUAL
HOT WEDGE WELD

TOP SHEET
ATR PRESSURE TEST CHAMNEL

BOTTOM SH:EFL“

RESULTS

TEST STRIP

e FTB IN BOTTOM SHEETING
*x+%(PASS)

FTB IN TOP SHEETING
**#(PASS)

£TB IN BOTTOM SHEETING AT
INNER EDGE OF SEAM.
++%(PASS)

FTB = FILM TEAR BOND



FTB IN TOP SHEETING AT INNER
EDGE OF SEAM.

FTB = FILM TEAR BOND

*+*(PASS)

FTB IN TOP SHEETING OF SEAM
AFTER SOME ADHESION FAILURE.
**+(FATLURE)

FTB IN BOTTOM SHEETING OF SEAM
AETER SOME ADHESION FAILURE.
+x+(FAILURE)

FAILURE IN ADHESION.
*#+(FATLURE)



VARIETIES OF SEAM FAILURES DURING
DESTRUCTIVE TESTING OF
EXTRUSION WELD

T e
OVERLAPPED SECTION \

OF BOTTOM SHEET BOTTOM SHEET

TEST STRIP RESULTS

FTB SEPARATION IN

BOTTOM SHEET AFTER
SOME DELAMINATION.
*#+%(PASS)

FTB SEPARATION IN TOP
SHEET AT SEAM EDGE.
*++(PASS)




FTB SEPARATION IN TOP
SHEET.
*+%(PASS)

ETB SEPARATION IN
BOTTOM SHEET.
###(PASS)

FTB SEPARATION IN
BOTTOM SHEET AT
OUTSIDE SEAM EDGE.
** (P ASS)

FTB SEPARATION AT

WELD (IF RECORDED

STRESS MEETS SPEC).
*x+(PASS)




SEPARATION IN ADHESION.
*+*(FAILURE)

SEPARATION IN ADHESION.
+*++(FATLURE)

FTB = FILM TEAR BOND



IN-

INE PLASTICS, INC.

SUBGRADE SURFACE ACCEPTANCE

Customer: ' Date:
Project Name: Project Number:
Location: Partial: _ Final:

I the undersigned duly authorized representative of [n-Line Plastics, LC, certify that upon visual
inspection the subgrade surface described below meets criteria for installation of:

Sl

By signing below, however, In-Line Plastics, LC acknowledges no responsibility for the
subgrade design, degree of moisture or compaction, integrity, elevation, ot maintenance thereof,
in any way.

Approximate size of area accepted:

Description of the area accepted: .

[ R
In-Line Representative Owner/Contractor Inspector

== ]
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. INE PLASTICS, INC.

CERTIFICATE OF ACCEPTANCE

Project Name: In-Line Contract Number:

Description of the Project:

Total Area: SF

I, the undersigned, duly authorized representative of

do hereby take over and accept the work described above from the date hereof and confirm that to the best
of my knowledge, the work has been completed in accordance with the specifications and the terms and
conditions of the contract, There appears no damage to the plastic lining nor any unacceptable
interference within or without the surrounding works. Scrap and off-cuts have been removed and the
works have been in clean and tidy condition. In-Line Plastics, LC undertakes to rectify any demage

resulting from defective materials or workmanship within compliance of contract guarantees.

w

Name: Signature:

Title: Date:

Certified and accepted by In-Line Plastics, LC Representative

Name: Signature:

Title: Date:
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Product Description

Mirafi® N-Series NonWoven
Polypropyiene Geotextiles

< | product

1C Mirafi offars @ widle range of tonwoven
gectextiles for soil scparation, filtration and
protection. These yeofextilas are cost-
effoctive refntorcemont elements which
nurove and onhance rmodern construction
technlques in & variety of ¢ivil engineerinig
yppiications.

PRODUCY DESCRIPTION

Mirafi® N-Series produnts are nonwovan geo-
textites comprised of polypropylane staplc
fibers. Mirafi* N-Series Nonwoven Polyprogy-
tene Geotextles provide excelent plysical and
hydraulic properties in additivn to high tansile
slrengths;,

FEATURES AND BEMEFITS

+ Construction. Miraf® N-Sorigs geotex-
tites easily conferm to the ground or
tranch surface for trouble-free instaltation,

* Strength. Mirafi*N-Serles gactextiles
withstand savere instaliafion stresses with
high puncture and burst resistance!

¢ Filtration. High permeability propartios
provida high water flow rates while provid-
ing excellent filtraton properties, '

+ Environmental. Mirafi* N-Series gaotex-
tiles are chemically stable In 2 wide range
of aggressive environments;

Mirafl* N-Sories lightweight nohwoven used as protactive filter In -

subsurface drainage application.

_ condltions, finding &

for Soll Separation, Filtration, and Protection

+  Costeffectlve. Mirafi® N Serlas geotex.
ties provice economical sollions to many
civll angineering applications including 4
cost-effective alternativa to graded -aygre-
gate filters.

APPLICATIONS

Mirafi* N-Series Nonwovans are used i 4
wida varisty of applications including swpura-
tlon, fitration, and protection applicatione.

Lightweight nonwovens ara predominanily
used for subsurface dralnage applications
along highways, within
smbankments, under
girfields, and alhietic
fields.  For ihese
dralnage structures 1o
be eHective, thay must
have a oroperty
designed protective fil-
ter. Mirafl* N-Series
Monwoven Gectextlies
eliminate the problars
of determining the
aggregate gradation
required to match soil

¢onvenient and eco-

an athletic field

normical source of # specific aggregate greda-
tian, transporting and placing gradesd uggro

gate, and ggsuring That e in plice sggregate
gradation provicks effcctiva llier performance,

Hoavywseight nonwovens arc use in critical
subsurface drainuge systems, scil separation,
permanent ergsion conirol, and geomems-
brang liner protachon within landtills, These
yeotextiles provige the raquired strength and
abraslon rasistance to withstand Inglallation
anct gpplication stresses to craste an cffactive,
fong-term solution.

a

Miraf* N-Scries heavyweight nonwoven used ee & liner préiocﬁon
in landftll appication

Miraft* N-Beries light weight nonwoven used as protective filter In

TC Mirafi

—— e 8 =« At moh ¢ w4
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Technical Data

@003/005

MIRAED )

y

Engineercd Solutions for an innovative Work

product Mil'aﬂ® N'series NOIIWOVGI'I
Polypropylene Geotextiles

for Soil Separation, Filtration, and Protection
P N

Proparty / Test Method units f40NL 140NC 140N 160N 70N (180N (1100N) 1120N 160N
MEGHANICAL PROPERTIES — -
Grab Tenzile Strength N o
ASTM D 4632
Srangth @ Uimate kN (ibs) 040{00) 045(100) 0&3(120) 0T (160} 0.B0(180) 08(205) 111250 1.34(300) 1863 {(380)
Elongation @ Uitimate % 50 60 50 a0 50 50 £0 50 &0
Mulien Burst Strength kP& 1309 1550 1654 2239 2412 2756 3514 4134 B167
ASTM D 3786 (psl) (180) (225) (240) {325) {(350) (400) (510) {(600) (750)
Trepezoidal Tear Strength ki 0.16 0.2¢ .22 0.27 033 0.36 0.4 Q.51 0.62
ASTM D 4355 {log) (3s) (45) (50) (80) (75) (80} (100} (115)  (140)
Functure Strangth KN 0.24 0.80 ) .31 0.42 D.48 3.58 .69 0.78 1.05
ASTM D 4833 (i) (56) (65) (70) {95) (105)  (130) (185  (175)  (236)
UV Reslstance efter S00 hrs. % stenglh 70 70 Y 70 70 70 70 70 70
ASTM D 4355
HYDRAULIC PROPERTIES
Apparent Opening Slze (AQS) US Sieve 70 70 0 70 © BO 80 100 100 100
ASTM D 4751 M 0.212 6.212 0.212 0.212 0.180 0.180 0.150 0.180 G.150
Permmittivity sec! 20 19 18 1.4 1.4 1.2 1.0 0.8 0.7
AZTM D 4491
Flaw Rate Vol 8111 5698 8500 4477 4278 pel-{c ] 3056 2848 2037
ASTM D 4191 (gaVminfy)  (1580) {140) {139) {(119) (105) (€9) )] (65} (B0
Packaging
Roll Width mitt) 38125 23825 3.8{(129

46160 45050 45080 450150 450180  45(150 45(159 45050 45050
Rell Length mift) 1007060 1007060 METOE0  ISED  PISEOD  9LSEN) SiSEM M5S0 467050
Est. Gross Weight kgos) B3 (138) 70 (154 76 (167)

7o(ies  E30188) 81 (200) BRI wees 12RO 0ED 1B 1208
Area MRy A1E (600}  41B{500) 418 (S00)

501(600) 5071 (800) 501 (600} G000 418000 41BE0y 418E) 4185000 209250
NOTE: Al Mechanical Propertios and Hydrauic Properties shown are Minimum Average Roll Vaiuss (MARY).
Cut-offflncoptor droin aiong a roadway or

FAN

TC Mirafi

TC Miaf! Warrentys TC Ml w.

FACE HEREOF,

1A &l T 3
Comorate Office
a8% South Haolfandg Driva
Pendergrass, GA 30667
(888) 795-0BOG; (706} 893-2226
Fax (706) 693-4400

Fronch degln without plpe

GIVEN IN LIEU OF ALL OTHER WARRANTIES,

nataling lhe pruduct, TG Mot wir itplace e
1he buyar's Ao remedy for & breach a4d TC Mirah wili nol be
EXPRESS OR IMPLIED, INCLUDING THE MPLIED
PURPOSE. THERE ARE NO WAARANTIES WHICH EXTEND BEYDOND THE DESCRIPTION OF THE

Liner protection within a tandfli
v T A i .

armants our products ta be eo o defects rn material snd woskmanshiy when oaliverad 1o TC Mirafi's cisiomers and that our
inheac apecificalions. If B product |s found 1 ba defective, and our gustomern ghvea natics 1o TC Mish batore
cuatamer o rofund the purchsee price at TC Mikali's slection. Raplaciog (ho product of obtaning ¢ refund arc
conasquantial camags allribulod 1o & defective procuct. THIS WARRANTY 1§
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR

products meets our pub-
Procict without charge (0 ouf

fakils for any

PDS-NSERIESSES
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TC Mirafi

Mirafi 180N

Mirafi 180N is a nonwoven geotextile
stable network such that the fibers
degradation and resists naturally encol

Mechanical Properties

Grab Tensile Strength
Grab Tensile Elongation
Trapezoid Tear Strength

Mullen Burst Strength

Puncture Strength
Apparent Opening Size (AOS)

_Permittivity
Permeability

10/18/2002 WED 13:31 FAX 718 762 3094 RAW EQUIPMENT CORI

TC Mirafi

Mirafi 1100N

Mirafi 1100N is a nonwoven geotextile composc.d of po'lypr(
stable network such that the fibers rctain their r_elauve 1:
degradation and resists naturally epcountered chemicals, alk:

Flow Rate

UV Resistance (at 500 hours)

Physical Propertics | Test Metl
Weight ASTMD§
Thickness ASTMD
Roll Dimensions -
(width x length)
Roll Area -
Estimated Roll Weight -

DISCLAIMER: TC Mirafi warrants «
when delivered to TC Mirafi’s custom
Contact your local TC Mirafi Represe:

180N,D0OC
Roviston: 2
Data: Jart 1, 1933

Mechanical Properties Test Method
Grab Tensile Strength ASTM D 4632
Grab Tensile Elongation ASTMD 463;
Trapezoid Tear Strength ASTM D 4533 |
Q Miullen Burst Strength ASTM D 3786
Puncture Strength ASTM D 4833
Apparent Opening Size (AOS) ASTM D 4751
Permittivity ASTMD 4491
Permeability ASTM D 4491
Flow Rate ASTM D 4491
TV Resistance (at 500 hours) AST™M D 4355
Physical Properties | Test Method Unit
. Weight AS@SZGI g/m? (oz/yd’)
Thickness ASTMDS5199| mm (mils)
Roil Dimensions - m
(width x length) w
Roll Area . e m? (yd*)
Estimated Roll Weight - kg (1b)

. DISCLAIMER: TC Mirafi warrants our products to be fi

when delivered to TC Mirafi’s customers and that out pro
Contact your local TC Mirafi Representative for detailed |

1100N.00C

Ravishen: 2
Dite: Jan. 1, 1999
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GSE HD" GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane produced from specially formulated, virgin palyethylene resin. This polyethyiene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97 5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions.

TESTED PROPERTY TEST METHOD MINIMUM VALUES
Thickness, mils (mm) ASTM D 5198 27 {0.69) 36 (0.91) 54 (1.4)
Density, glem® ASTM D 1505 0.94 0.94 0.54
Tensile Properties (each direction) ASTM D 638, Type IV

Strength at Break, Ib/in-width (N/mm) Dumbell, 2 ipm 12221} 162 (28) 243 (43)
Strength at Yield, Ibfin-width {Nfmm) 83(11) 84 (15) 130 (23}
Elorgation at Break, % G.L. 2.0in (51 mm) © 700 700 700
Elongation at Yield, % G.L. 1.3in (33 mm) 13 13 13
Tear Resistance, b (N) ASTM D 1004 21 (93) 28 (124) 42 (187}
Puncture Resistance, lb (N) ASTM D 4833 59 (263) 79 {352) 118 {530)
Carbon Black Content, % ASTMD 1603 2.0 20 20
Carbon Black Dispersion ASTM D 5596 +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTM D 5397, Appendix 400 400 400
REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils {mmy} ASTM D 5189 30 (0.75) 40(1.0) 80 (1.5)
Roll Length”™ {approximate), ft {rn) 952 (290) 650 {198) 420 (128)
Low Temperature Brittieness, ‘F{C) ASTM D 746, Cond. B <407 (<-77) <07 (<-77) <107 {<-77)
Oxidative Induction Time, minutes ASTM D 3885, 200 °C; Oo. 1 atm >100 >100 >100
Water Absorption, % wt. change ASTM D 570 <0.01 <0.01 <0.01
Moisture Vapor Transmission, gfmzday ASTME 86 <0.001 <0001 <0.001
Dimensional Stability (each direction), % ASTMD 1204, 100 °C, 1 hr $2 $2 2

——

S ———

+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shali be Category 1 or 2. No more than 1 view from Category 3.

GSE HD is available in rolls approximately 22.5 i (6.9 m) and 34.5 ft {10.5 m) wide and weighing about 2,900 Ib (1,315 kg) and 4,400 Ib (1,895 kg}
respectively. Other material thicknesses are available upon request. "’

** Roll lengths correspond to the 22.5 ft {6.9 m) wide roll goods.

This information is provided for reference purposes only and is not intended as a warranly or guarantee. GSE assumes no fiabiity in connection with
the use OF this information. Check with GSE for current, standard minimurn quality assurance procedures.

*GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and other coun
Americas Europe/Africa Asia/Pacific .
GSE Lining Technology, GSE Lining Technology GSE Lining Technology RePresented by‘
Inc. GmbH Company Ltd.
19103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
USA Germany Chatuchak
Phone: 281-443-8564 Phone: 49-40767420 Bangkok 10800
800-435-2008 Fax: 49-40-7674233 Thailand
Fax: 281-230-8650 Phone: 66-2-837-0091
Fax: 66-2-937-0097

For environmental lining solutions...the world comes to
GSE’” -

A Gundle/SLT Environmental, Inc. Company DS 005 RO1/10/01
www.gseworld.com
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GSE HD" GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for fiexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has exceilent resistance to UV radiation and is suitable
for exposed conditions.

—

TESTED PROPERTY TEST METHOD MINIMUM VALUES
Thickness, mits {rm) ASTM D 5199 27 (0.65) 36 {0.91} 54 (1.4)
Density, gfiom?® ASTM D 1505 0.94 0.94 .94
Tensile Properties (each direction) ASTM D 638, Type IV
Strength at Break, [bfin-width (N/mm) Dumbell, 2 ipm 12221 162 (28) 243 (43)
Strength at Yield, ibfin-width (N/mm) 63 (11) 84 {15) 130 (23)
Elongation at Break, % G.L 2.0in (51 mm) 700 700 700
Elongation at Yield, % G.L. 1.3in {33 mm) 13 13 13
Tear Resistance, 1b (N} ASTM D 1004 21(93) 28 (124) 42 (187)
Puncture Resistance, 1b (N) ASTM D 4833 59 (263) 79 (352 119 (530)
Carbon Black Content, % ASTM D 1603 20 2.0 2.0
Carbon Black Dispersion ASTM D 5536 +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTM D 5397, Appendix 400 400 400
REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mm) ASTM D 5198 30(0.78) 40 (1.9) 60 (1.5)
Roll Length™ (approximate), ft (m) 952 (290) 650 (198) 420 (128)
Low Temperature Brittleness, °F(C) ASTM D 746, Cond. B <AQ7 (<T7) <07 (<77) <107 (<-77)
Oxidative Induction Tirne, minutes ASTM D 3895, 200 °C; Qp, 1atm >100 >100 >100
Water Absorption, % wi. change ASTM D 570 <0.01 <0.01 <0.01
Moisture Vapor Transmission, g/m?day ASTME %6 <0.001 <0.001 <0.001
Dimensional Stability {each direction), % ASTMD 1204, 100 °C, 1 hr 32 12 12

— — e r——— P S

e ———————
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+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

GSE HD is available in rolls approximately 22.5 ft (6.9 m) and 34.5 ft (10.5 m} wide and weighing about 2,900 Ib (1,315 kg) and 4,400 ib (1,935 kg}
respectively. Cther material thicknesses are available upon request.

** Roll lengths correspond to the 22.5 # (6.9 m) wide roll goods.

This informaticn is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with
the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

*3SE and other marks used in this docurnent are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and other cou
Americas EuropelAfrica Asia/Pacific

GSE Lining Technology, ~ GSE Lining Technology  GSE Lining Technology Represented by: \
Inc. GmbH Company Ltd.
19103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
U.S.A Germany Chatuchak
Phone: 281-443-8564 Phone: 49-40767420 Bangkok 10900
800-435-2008 Fax: 49-40-7674233 Thailand
Fax: 281-230-8650 Phone: 66-2-937-0091
Fax; 66-2-937-0097
For environmental lining solutions...the world comes to /

GSE.” -
A Gundie/SLT Environmental, Inc. Company DS 005 RO1/10/01
www.gseworid.com
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GSE HD® GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions.

TESTED PROPERTY TEST METHOD MINIMUM VALUES
Thigkness, mils {rmm) ASTM D 5199 27 (0.69) 36(0.91) 54 (1.4)
Density. gfem?® ASTM D 1505 094 0.94 0.84
Tensile Properties (each direction) ASTM D638, Type IV

Strength at Break, ibfin-width (N/mm) Dumbed, 2 ipm 122 (21) 162 (28) 243 (43)
Strength at Yield, Ibfin-width (N/mm) 63 (1%) 84 {15) 130 (23)
Elongation at Break, % G.L. 2.0in {51 mm) 700 700 700
Eigngation at Yield, % G.L 1.3in (33 mm) 13 13 13
Tear Resistance, [b (N) ASTM D 1004 21 (93} 28 (124) 42 (187)
Punctuse Resistance, Ib (N) ASTM D 4833 59 (263} 79 {352) 119 (530)
Carbdn Black Content, % ASTM D 1603 2.0 2.0 2.0
Carbon Black Dispersion ASTM D 5586 +Note 1 +Note 1 +Note 1
Notched Canstant Tensile Load, hrs ASTM D 5397, Appendix 400 400 400
REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mrm) ASTM D 5199 30{0.79) 40 (1.0 60 (1.5)
Roll Length”™ (approximate), ft (m) 952 {290) 650 (198) 420 {128)
Low Temperature Brittieness, °F (‘C) ASTM D 746, Cond. B <407 (<77) <407 («77) <107 (<-77)
Oxidative Induction Time, minutes ASTM D 3895, 200 °C; 0o, 1atm =100 >100 >100
Water Absorption, % wt._change ASTM D 570 <0.01 <0.01 <0.01
Moisture Vapor Transmission, gfmzday ASTME 96 <{).001 <0.001 <0.001
Dimensional Stability (each direction), % ASTM D 1204, 100°C, 1 he 2 +2 12

— — — — —
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+Note 1: Dispersion only applies to near spherical agglomerates, 9 of 10 views shall be Category 1or 2. No more than 1 view from Category 3.

GSE MD is available in rolls approximately 22.5 f (6.9 m) and 345 ft (10.5 m) wide and weighing about 2,900 Ib {1,315 kg) and 4,400 Ib (1,995 kg)
respectively, Other material thicknesses are available upon request. -

" Roll tengths correspond to the 22.5 ft (6.9 m) wide roll goods.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with
the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

*(3SE and other marks used in this docurnent are rademarks and service marks of GSE Lining Technalogy, Inc.; certain of which are registered in the United States and other coun
Americas EuropelAftica AsialPacific .

GSE Lining Technology, GSE Lining Technology GSE Lining Technology Represented by \
Inc. GmbH Company Ltd.

19103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
USA. Germany Chatuchak

Phone: 281-443-8564 Phone: 4940767420 Bangkok 10900

800-435-2008 Fax: 49-40-7674233 Thailand
Fax: 281-230-8650 Phone: 66-2-937-0091
Fax. 66-2-937-0097
For environmental lining solutions...the world comes to J
GSE." -
A Gundle/SLT Environmental, Inc. Company DS 005 RO1M0/01

www.gseworld.com
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GSE HD* GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane produced from specially formulated, virgin polyethylene resin. This nolyethylene
resin is designed specifically for fiexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions.

TESTED PROPERTY TEST METHOD MINIMUM VALUES

Thickness, mils {(mm) ASTM D 5198 27 (0.69) 38 {0.91) 54 (1.4)
Density, glcm? ASTMD 1505 0.94 0.94 .04
Tensile Properties (each direction) ASTM D 638, Type IV

Strength at Break, lofin-width (N/mm) Dumbell, 2 ipm 122 (21) 162 {28) 243 (43)
Strength at Yield, Ib/in-width (N/mm) 63 (11) 84 (15) 130 (23)
Elongation at Break, % G.L. 2.0in (51 mm) 700 700 700
Elongation at Yield, % G.L 1.3in {33 mm) 13 13 13
Tear Resistance, b (N) ASTM D 1004 21 (93) 28 (124) 42 {187)
Puncture Resistance, [b (N) ASTM D 4833 59 (263) 79 {352) 119 (530)
Carbon Black Content, % ASTM D 1603 2.0 2.0 20
Carbon Black Dispersion ASTM D 5596 +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTM D 5397, Appendix 400 400 400
REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mm) ASTM D 5189 30 {0.75) 40 (1.0) 80 {1.5)
Roll Length™ (approximate), ft {m) 952 {2800 650 (198) 420 (128}
Low Temperature Brittleness, °F (°C) ASTM D 748, Cond. B <107 (<77 <407 {<77) <107 (<77)
Oxidative Induction Time, minutes ASTM D 3895, 200 °C; Og, 1am >100 >100 >100
Water Absorption, % wt. change ASTM D 570 <0.01 <0.01 <0.01
Moisture Vapor Transmission, glmzday ASTME 96 <(.001 <0.001 <0.001
Dimensional Stabsility (each direction), % ASTM D 1204, 100 "C, 1 hr 2 £2 2

e ——————

+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

GSE HD is available in rolls approximately 22.5 (6.9 m) and 34.5 # (10.5 m) wide and weighing about 2,800 Ib {1,315 kg) and 4,400 Ib (1,895 kg)
respectively. Other material thicknesses are available upon request. -

" Roll lengths correspond to the 22.5 t (6.9 m) wide roll goods.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes o liability in connection with
the use of this information. Check with GSE for current, standard minimurm quality assurance procedures.

"GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and cther cou
Americas Eurcpel/Africa AsialPacific .
GSE Lining Technology, GSE Lining Technology GSE Lining Technology Represented by'
inc. GmbH Company Ltd.
19103 Gundie Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
USA. Germany Chatuchak
Phone: 281-443-8564 Phone: 45-40767420 Bangkok 10900
800-435-2008 Fax;  49-40-7674232 Thailand
Fax:  281-230-8650 Phone: §6-2-937-0091
Fax: 66-2-937-0097

For environmental lining solutions...the world comes to
GSE’ -

A Gundie/SLT Environmental, Inc. Company DS 005 RO1/10/01
www.gseworld.com
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GSE HD" GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, filers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensionat stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions.

—

TESTED PROPERTY TEST METHOD MINIMUM VALUES

Thickness, miis (mm}) ASTM D 5199 27 (0.69) 36 (0.81} 54 (1.4)
Density, gfom? ASTM D 1505 0.94 0.94 0.84
Tenstle Properties {each direction) ASTM D 638, Type IV

Strength at Break, Ibfin-width (N/mm) Dumbell, 2 ipm 122 (21} 162 (28) 243 (43)
Strength at Yield, Ibfin-width (N/mm) 63 (1) 84 (15) 130 {23)
Elongation at Break, % G.L. 2.0in (51 mm) 700 700 700
Elongation at Yield, % G.L 1.3in (33 mm) 13 13 13
Tear Resistance, b (N} ASTM D 1004 21(93) 28 (124) 42 (187)
Puncture Resistance, 1b (N} ASTM D 4833 59 {263) 79 (352) 119 (530)
Carbon Black Content, % ASTM D 1603 2.0 20 2.0
Carbon Black Dispersion ASTM D 5586 +Note 1 - +Note 1 +Note 1
Notched Constant Tensile Load, brs ASTM D 5397, Appendix 400 400 400
REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils {mm) ASTM D 5199 30(0.75) 40 (5.0} 80 (1.5)
Roll Length”™ {approximate), ft (m) 952 (290) 650 (198) 420 (128)
Low Temperature Brittieness. °F (‘C) ASTM D 746, Cand. B <107 («77)  <A07{<77) <107 (<-77)
Oxidative Induction Time, minutes ASTM D 3885, 200 C; Oy, 1atm >100 >100 >100
Water Absorpticn, % wi. change ASTM D 570 <0.01 <0.01 <0.01
Moisture Vapor Transmission, g/m?day ASTME 86 <0.001 <0.001 <0.001
Dimensional Stability (gach direction), % ASTM D 1204, 100 °C, 1 hr 12 32 12

e ——— P ———

+Note 1: Dispersion only applies to near spherical agglomerates, 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

GSE HD is available in roils approximately 22.5 ft (6.9 m) and 34.5 ft (10.5 m) wide and weighing about 2,900 16 (1,215 kg) and 4,400 Ib (1,995 kg)
respectively. Other material thicknesses are available upon request. -

** Roll lengths correspond to the 22.5 ft (6.9 m) wide rell goods.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no fiability in cannection with
the use of this infarmation. Check with GSE for curent, standard minimum quality assurance procedures.

* 3SE and other marks used in this docurnent are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and cther caun
Americas Europe/Africa Asia/Pacific :
GSE Lining Technology,  GSE Lining Technology ~ GSE Lining Technology Represented by:
Inc. GmbH Company Ltd.
19103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
USA Germany Chatuchak
Phone: 261-443-8564 Phone: 49-40767420 Bangkok 10900

800-435-2008 Fax; 49-40-7674233 Thailand
Fax:  2B1-230-8650 Phene; 66-2-937-00891

Fax;  £6-2-937-0097

For environmental lining solutions...the world comes to
GSE.” -
A Gundle/SLT Environmental, Inc. Company DS 005 RO1/10/01
www . gseworld.com
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TECHNICAL DATA SHEETY : -
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LOW-FLOW (MINIMAL DRAWDOWN)
GROUND-WATER SAMPLING PROCEDURES

by Robert W. Puls' and Michael J. Barcelona’

Background

The Regicnal Superfund Ground Water Forum is a
group of ground-water scientists, representing EPA'S
Regicnal superfund Offices, organized to exchange
information related to ground-water remediation at Superfund
sites. One of the major concems of the Forum is the
sampling of ground water to support site assessment and
remedial performance monitoring objectives. This paper is
intended to provide background information on the
devetoprnent of low-flow sampling procedures and its
application under a varisty of hydrogeologic settings. It is
hoped that the paper will support the praduction of standard
operating procedures for use by EPA Regional personne! and
other environmantal professionals engaged In ground-water
sampling. '

Far further information contact. Robert Puts, 405-436-8543,
Subsurface Remediation and Protection Division, NRMRL,
Ada, Cklahoma.

|. Introduction

The methods and objestives of ground-water
sampling fo assess water quality have evolved over time.
Initially the amphasis was on the assessment of water quatity
of aquifers as sources of drinking water. Large water-bearing

_ units were identified and sampled in keeping with that

objective. These were highly productive aquifers that
supplied drinking water via private wells or through public
water supply systems. Gradually, with the increasing aware-
ness of subsurface poilution of these water resources, the
understanding of complex hydragecchemical processes
which govarn the fate and transport of contaminants in the
subsurface increased. This increase in understanding was
also due to advances in a number of scientific disciplines and
impravements in tools used for site characterization and
ground-water sampling. Ground-water quality investigations
where poliution was detected initially borrowed ldeas,
methods, and materials for site characterization from the
water supply field and water analysis from public health
practices. This included the materals and manner in which
monitoring wells were installed and the way in which water
was brought to the surface, treated, preserved and analyzed.
The prevailing conceptual ideas inciuded convenient generali-
zations of ground-watar resources in terms of large and
relatively homogeneous fhydrologic wnits. With time it became
apparent that conventional water supply generalizations of
homogensity did not adequately represent field data regard-
ing pollution of these subsurface resources. The important
roie of heterogeneity became increasingly clear not anly in
geologic terms, but also in terms of complex physicai,
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chemical and biological subsurface processes. With greater
appreciaﬁon aof the roie of heterogenaity, it became pvident
that subsurface pollution was ubiquitous and ancompassed
the unsaiurated zone to the deep subsurface and included
unconsolidated sediments, fractured rock, and aquitards or
low-yielding of impermeable formations. small-scale pro-
cesses and neterogeneities were shown to be important in
identifying contaminant distributions and in controtiing water
and contaminant flow paths.

it is beyond the scope of this paper to summarize all
fhe advancas in the field of ground-water quality investiga-
fions and remediation, but two particular issues have bearing
on ground-water sampling today: aguifer heterogenaity and
colloidal transport. Aquifer hetercgeneities affect contaminant
flow paths and include variations in geolegy, gecchemistry,
hydrology and microbiology. AS methods and the tools
available for subsurface investigations have hecome increas-
ingly sophisticated and understanding of the subsurface
environment has advanced, there is an awareness thatin
most cases a primary concem for site investigations is
characterization of sontaminant flow paths rather than entire
aquifers. In fact, in many cases, plume thickness can be less
than well screen lengths (2.3, 3-6 m) typically installed at
nazardous waste sites to detact and maonitor plume movement
over time. Small-scale differences have increasingly been
shown o he important and there is a general trend toward
gmaller diameter wells and shorter screens.

The hydrogeochemioai significance of colloidal-size
particles in subsurface systems has been realized during the
past gseveral years {Gschwend and Reynolds, 1g87; McCarthy
and Zachara, 198%; Puls, 1990; Ryan and Gechwend, 1990).
This realization resulted from both field and laboratory studies
that showed faster contamirant migration over greater
distances and at higher concentrations than fiow and trans-
port model predictions wolulid suggest (Buddemeier and Hunt,
1988; Enfield and Bengtsson, 1g88; Penrose et al., 1990).
Such models typically account for interaction between the
moblle agusous and immobile solid phases, but do not allow
for a mobile, reactive solid phase. It is recognition of this third
phase as a possible means of contaminant transpart that has
brought increasing attention to the manner in which samples
are collected and processed for analysis (Puls et al., 1990;
McCarthy and Dequeldre, 1982 Backhus etal., 1993; U. S.
EPA, 1985). If such a phase is prasent in sufficient mass,
pOSSEsSES high sorption reactivity, large surface area, and
remains stabie in suspension, it can serve as an important
mechanism to facilitate contaminant transport in many types
of subsurface systems.

Colloids are particles that are sufficiently small so
that the surface free energy of the particle dominates the bulk
free enargy. Typically, in ground water, this includes particles
with diameters between 1 and 1000 nrm. The most commoniy
observed mebile particles inciude: secondary clay minerals;
hydrous iron, aluminum, and manganese oxides; dissolved
and particulate arganic materials, and viruses and bacteria.

These reactive particles have neen shown 1o be mobile under
a varety of conditions in both field studies and laboratory
column experiments, and as such need o be included in
monitoring programs where identification of the total mobile
contaminant loading {dissolved + naturally suspendad
particles) at a site is an objective. To that end, sampling
methodologies must be used which do not artificially bias
naturaliy suspended particle concentrations.

Currently the most commaon ground-water purging
and sampling methodology is to purge & well using bailers or
high speed pumps to remove 3 to 5 casing volumes followed
by sample collection. This method can cause adverse impacts
on sample quality through collection of samples with high
Jevels of turbidity. This results in the inctusion of otherwise
immohile artitactual particles which preduce an overestima-
tion of certain analytes of interast (e.g., metals of hydrophobic
organic compounds), Numerous documented problems
associated with filiration {Danigisson, 1982; Laxen and
Chandler, 1982; Horowitz et al., 1992) make this an undesir-
abie method of rectifying the turbidity problem, and include
the removal of potentially mobile (oontaminant-associated)
particles during Fitration, thus artificially biasing contaminant
concentrations low. Sampling-induced turbidity problems can
often be mitigated by using low-flow purging and sampling
techniques.

Current subsurface conceptual models have under-
gone considerable refinement due 1o the recent development
and increased use of feld screening tools. So-called
hydraulic push tachnologies {e.9., cone penetrometer,
Geoprobe®, QED HydraPunch®} snable relatively fast
screening site characterization which can then be used to
design and instalt a monitoring well network. Indeed,
aligrnatives to conventional monitoring wells are now being
considered for some hydrogeologic settings. The ultimate
design of any monitoring system should however be based
upon adequate site characterization and be consistent with
astablished monitoring chiectives.

If the sampling program objectives include accurate
assessment of the magnitude and extent of subsurface
contamination over time and/or accurate assassment of
subsequent remedial performance, then some informatian
regarding piume delineation in three-dimensional space is
necessary prior to monitoring well network design and
installation. This can be accomplished with a variety of
different tools and eguipment ranging from hand-operated
augers to soreening tools mentioned above and large drifling
rigs. Detailed information on ground-water flow velocity,
direction, and horizontal and vertical variability are essential
baseline data requirements. Detailed soil and geofogic data
are reguired prior to and during the installation of sampling
points. This includes historical as well as detailed soil and
geologic logs which acoumulate during the site investigation.
The use of porencie geophysical techniques is also recom-
mended. With this information (together with other site
characterization daia) and a clear understanding of sampling



objectives, then appropriate location, screen length, wel!
diameter, slot size, efc. for the monitoring well network can be
decided. This is espevially critical for new in situ remedial
approaches or natural attenuation assessments at hazardous
waste sites.

in general, the overall goal of any ground-water
sampling program is to collect water samples with no alter-
ation in water chemistry, analytical data thus obtained may be
used for a variety of specific monitoring programs depending
on the regulatory requirements. The sampling methodology
described in this paper assumes that the monitering goal is'to
sample monitering welis for the presance of contaminants and
it is applicable whether mobile colloids are a concern of not
and whether the analytes of concern are metals (and metal-
loids) or organic compounds.

Il. Monitoring Objectives and Design
Considerations

The following issues are important to gonsider prior
to the design and irplementation of any ground-water
monitoring progrant, including those which anticipate using
jow-fow purging and sampling procedures.

A. Data Quality Objectives ( DQOs)

Monitoring chjectives include four main types:
detection, assessment, corrective-action evaluation and
resource evaluation, along with hybrid variations such as site-
assessments for property transfers and water availability
investigations. Monitoring objectives may change as contarni-
ration or water quality problems are discovered. However,
thers are a number of common components of monitoring
pregrams which should be recognized as important regard-
lass of initial ocbjectives, These components include:

1) Development of a conceptual model that incarporates
elements of the regional geclogy to the loca! geclogic
framawark. The conceptual rmodal development also
includes initial site characterization efforts to identify
hydrostratigraphic units and likely, flow-paths using a
minimum number of borings and well completions;

2) Cost-effective and wall documnented collection of high
quality data utliizing simple, accurate, angd reproduc-
ible techniques; and

3) Refinemant of the conceptual model based on
supplementary data collection and analysis.

These fundamental components serve many types of monitor-
ing programs and provide a basis for future efforts that evolve
in carnplexity and lavel of spatial detail as purposes and
objectives expand. High quality, reproducible data collection
is a comemon goal regardiess of program abjectives.

High quality data colecticn implies data of sufficient
accuracy, precision, and completeness (i.e., ratio of valid
analytical results to the minimum sampie number calied for by
the program design) to meet the program objectives. Accu-
racy depends on the correct choice of monitoring tools and
procedures to minimize sample and subsurface disturbance
from collection fo analysis. Precision depends on the
repeatability of sampling and analytical protocols. it can be
assured or improved by replication of sample analyses
inciuding bianks, fieldfab standards and reference standards.

B. Sample Representativeness

An important goal of any monitoring program is
collection of data that is truly representative of conditions at
the site. The term representativeness applies to chemical and
hydrogeologic data collected via welis, borings, piezometers,
geophysical and soil gas measurements, lysimeters, and
temporary sampling points. It involves a recognition of the
statistical variability of individual subsurface physical proper-
ties, and contaminant or major fon concentration levels, while
explaining extreme values. Subsurface temporal and spatial
variability are facts. Good professional practice seeks {0
maximize representativeness by using proven accurate and
reproducible techniques to define limits on the distribution of
measurements collected al a site. However, measures of
representativeness are dynamic and are controlled by
evolving site characterization and monitoring obiectives. An
evolutionary site characterization model, as shown in Fig-
ure 1, provides a systematic approach to the goal of consis-
tent data collectio.

. <3 Detbia Progr Otjsctive

b EHtADHR Dt sy
L. e el DeBre Skpling and
Eviheionary Se Atshyrcsl Prstetol
b Rty Prosaech

| ¥ 3

ol — Reiine PIOORON g = =3 Huka 3ite Dociioms.

Figure 1. Evoiutionary Site Characterization Mode!

The model emphasizes a recognition of the causes of the
variapility (e.9., use of inappropriate technology such as using
bailers to purge well§; imprecise or operator-dependent
methods) and the need to contrel avoidable errors.



1) Questions of Scale

A sampling plan designed to collect representative
samples must take into account the potential scale of
changes in site conditicns through space and time as well as
the chemical associations and hehavior of the parameters
that are targeted for investigation. In subsurface systems,
physical (i.e., aquifer) and chemical properties over time or
space are not gtatistically independent. In fact, samples
taken in close proximity ({i.e., within distances of a oW meters)
or within short ime periods (i.e., MOre frequently than
monthly) are highly auto-correlated. This maans that designs
amploying high-sampling frequency (8.8, monihly) or dense
spatial monitorng designs run the risk of redundant data
collection and misieading inferences regarding trends in
values that aren't statistically valid. in practice, contaminant
detection and assessment monitering programs raraly suffer
fhase over-sampling congems. in corrective-action avaluation
programs, it 18 also possible that too little data may be
collacted over space oF time. In these cases, false interpreta-
tion of the spatial extent of coniamination or underestimation
of temporal concentration variability may result.

2) Target Parameters

parameter selection in monitoring program design is
most often dictated by the regulatory status of the site.
However, background water quality constituents, purging
indicatar parameters, and contaminants, all represent targels
for data collection programs. The tools and procedures used
in these programs should be equally rigorous and applicable
to all categoriss of dat2, since all may be needed to deter-
mina or support regulatory action.

C. Sampling Point Design and Construction

Detailed site characterization is centra! to all
decision-making purposes and the basis for this characteriza~
tion resides in identification of the geologic framework and
majer hydro-stratigraphic units. Fundamental data for sample
point location inciude: subsurface lithology, head-differences
and background geochemical conditions. Each sampfiing point
has a proper use or uses which should be documented at a
lavel which is appropriate for the program's data quality
obiectives. individual sampling points may not always be
able to fulfill muttiple menitering objectives (2.9, detection,
assessment, corrective action}.

1) Compatibility with Monitoring Program and Data
Quality Cbjectives

Specifics of sampiing point location and design wil
be dictated by the complexity of subsurface lithology and-
variability in contaminant andfor gecchemical conditions. 1t
should be noted that, regardiess of the ground-water sam-
piing appreach, few sampling points {&.0., wells, drive-points,
screened augers) have Zonss of influence in excess of a few

feet. fherefore. the spatial frequency of sampling points
should be carefully selected and designed.

2) Flexibllity of Sampling Point Design

In most cases weli-poirnt diameters in excess of 1 78
inches will permit the use of most types of submersible
purnping devices far low-flow [minimal drawdown)} sampling.
it is suggested that short {e.g., tess than 1.6 m) screens be
incorporated into the monitoring design whare possible 0
that comparable results #rom cne device 1o another might be
expected. Short, of course, is relative to the degrae of vertical
water quality variability expected at a site.

3) Equilibration of Sampling Point

Time shoutd be allowed for equilipration of the well
or sampling point with the formation after installation. Place-
ment of well or sampling points in the subsurface produces
some disturbance of ambient conditions. Drilling technigues
{e.g., auger, rotary, elc.) are generalty considered to cause
more disturbance than direct-push technologies. in either
case, there may be a period {ie., daysto months) during
which water quality near the point may be distinctly different
from that in the formation. Proper development of the sam-
pling point and adjacent formation to remove fines created
during emplacement will sharten this water quality recovery
pericd.

Ili. Definition of Low-Flow Purging and Sampling

It is generally accepted that water in the well casing
is non-representative of the formation water and needs to be
purged prior to collection of graund-water samples. However,
the water in the screened interval may indeed be representa-
tive of the formation, depending upon well construction and
site hydrogeology. Wells are purged to scme extent for the
following reasons. the presence of the air interface at the top
of the water column resulting i an oxygen concentration
gradient with depth, loss of volatiles up the water column,
{saching from or sarption to the casing or filter pack, chemical
changes due to ciay saals or backfill, and surface infiltration.

Low-flow purging, whether using poriable or dedi-
cated systems, should be done using pump-intake located in
the middle or slightly above the middie of the screened
interval. Placement of the pump ton close to the bottorn of the
woll will causa increased entrainment of solids which have
collected in the well over time. These particles are present as
a result of welt development, prior purging and sampling
events, and natural colipidal transport and deposition.
Therefore, placement of the pump in the middie or toward the
top of the screened interval is suggested. Placement of the
pump at the fop of the water column for sampling is only
recommended in unconfined aquifers, screened across the
water table, where this is the desired sampling point. Low-



flow purging has the advantage of minimizing mixing between
the overlying stagnant casing water and water within the
screened interval,

A Low-Flow Purging and Sampling

Low-flow refers to the velocity with which water
eniers the pump intake and that is imparted tc the formation
pore water in the immediate viginity of the well screen. It
does not necessarily rafer to the flow rate of water discharged
at the surface which can be affected by flow reguiators or
rastrictions. Water level drawdown provides the hest indica-
iion of the stress imparied by a given flow-rate for a given
hydrological situation. The objective is to pump in a manner
that minimizes stress {drawdown) to the system {o the extent
practical taking into account established site sampling
objectivas. Typically, flow rates on ine order of 0.1 - 0.5 Limin
are used, howsver this is dependent on site-specific
hydrogeclogy. Some extremely coarse~textured farmations
have been successfully sampled in this manner at flow rates
to 1 L/min. The effectiveness of using low-flow purging is
infimately linked with proper scresn jocation, screen length,
and well construction and development techniques. The
resstablishment of natural flow paths in both the vertical and
harizontal directions Is important for correct interpretation of
the data, For high rasolution sampling needs, screens less
than 1 m should be used. Most of the need for purging has
been found to be due to passing the sampling device through
the overlying casing water which causes mixing of these
staghant waters and the dynamic waters within the screened
interval. Additionally, there is disturbance to suspended
sediment coliected in the bottorn of the casing and the
displacement of water out into the formation immediately
adjacent to the well scresn. These disturbances and impacts
can be avoided using dedicated sampling equipment, which
preciudes the need to insart the sampling device prior te
purging and sampling.

|salation of the screened interval water from the
overlying stagnant casing water may be accomplished using
low-flow minimal drawdown techniques. If the pump intake is
iccated within the screened interval, most of the water
pumped will be drawn in directly from the formation with litfle
mixing of casing water or disturbance to the sampling zone.
However, if the wells are not construcied and developed
properly, zones other than those intended may be sampled.
At some sites where geologic heterogeneities are sufficiently
different within the screened interval, higher conductivity
zones may be prefersntially sampled. This is another reason
to usa shorter screensd intervals, especially where high
spatial resolution is a sampling objective.

B. Water Quality Indicator Parameters

it is recommended that water quality indicator
parameters be used to determine purging needs prior 10
sampie collecton in each well. Stzbilization of parameters
such as pH, specific sonductance, dissolved oxygen, oxida-

tion-redustion potential, temperature and turbidity should be
used 1o determine when formation water is accessed during
purging. In general, the order of stabilization is pH, tempera-
ture, and specific conductance, followed by oxidation-
reduction potential, dissclved oxygen and turbidity. Tempera-
ture and pH, while commeonty used as purging indicators, are
actually quite insensitive in distinguishing between formation
water and stagnant casing water; nevertheless, these are
important paramaters for data interpretation purposes and
should also be measured. Performanee criteria for determi-
nation of stabilization shotld be based on water-level draw-
down, pumping rate and equipment specifications for measur-
ing indicator parameters. Instruments are available which
utilize in-line flow celis to continuously measure the above
parameters.

It is important to establish specific well stabilization
criteria and then consistently follow the same methods
thereafter, particularly with respect to drawdown, flow rate
and sampling device. Generally, the time or purge volume
required for parameter stabilization is independent of well
depth or well volumes. Dependent variables are well diam-
eter, sampling device, hydrogeochemistry, pump fiow rate,
and whether the devices are used in a portabte or dedicated
manner. If the sampling device is already in place (i.e.,
dedicated sampling systems), then the time and purge
volume needed for stabilization is much shorter. Other
advantages of dedicated squipment include less purge water
for waste disposal, much less decontamination of equipment,
less tima spent in preparation of sampling as weli as time in
the field, and more consistency in the sampling approach
which probably will translate into less variability in sampling
results. The use of dedicated equipment is strongly recom-
mended at welis which will undergo routine sampling aver
time.

If parameter stabilization criteria are too stringent,
then minor oscillations in indicator parameters may cause
purging operalions to become unnecessarily protracted. It
should aiso be noted that turbidity is a very conservative
parameler in terms of stabilization. Turbidity is always the
Jast parameter o stabilize. Excessive purge times are
invariably related to the establishment of too stringent turbidity
stabilization criteria. !t should be noted that natural turbidity
levels in ground water may exceed 10 ngphelometrio turbidity
units (NTU).

C. Advantages and Disadvantages of Low~Flow
(Minimum Drawdown) Purging

In general, the advantages of low-flow purging
include:

+ samplas which are representative of the mobile load of
contaminants present (dissolved and colioid-associ-
ated},

» minimal disturbance of the sampling point thereby
minimizing sampiing artifacts,

« less operator variability, greater operator control;



« reduced stress on the formation {minimal drawdown);

« |ess mixing of stagnart casing water with formation
water,

+ reduced need for fiitration and, therefore, less time
required for sampling;

. gmaller purging voiume which decreases waste
disposal costs and sampting time;

. better sample consistency; reduced artificial sample
variability.

Some disadvantages of jow-fiow purging are:

+ higher initial capital costs,

« greater set-up time in the field,

. need to transport additional equipment to and from the
site,

- increased fraining needs,

. resistance to change on the part of sampling practitio-
ners,

« eoncern that new data will indicate a change in
conditions and frigger an action.

V. Low-Flow (Minimal Drawdown) Sampling
Protocols

The following ground-water sampling procedure has
avolved over many years of experience in ground-water
sampling for organic and incrganic compound determinations
and as such summarizes the authors' {and others) experi-
ences to date {Barcelona ot al., 1984, 1994, Barcelona and
Helfrich, 1986; Puls and Barcelona, 1989, Puls et. al. 1990,
1982; Puls and Powell, 1992; Puls and Paul, 1995). High-
quality chemical data collestion is essential in ground-water
monitoring 2nd site characterization. The primary limitations
t the coilection of reprosentative ground-water samples
include: mixing of the stagnant casing and fresh screen
waters during insertion of the sampling device or ground-
water level measurement device; disturbance and
resuspension of sefiled solids at the bottomn of the well when
using high pumping rates ot raising and lowering a pump or
bailer; introduction of atmospheric gases of degassing from
the water during sample handling and transfer, or inappropri-
ate use of vaguum samping device, etc.

A, Sampling Recommendations

Water sampies should not be taker immediately
following well development. gufficient time should be allowed
for the ground-water flow regime in the vicinity of the monitor-
ing well to stabilize and to approach chemical equilibrium with
the well construction matetizls. This lag time will depend on
site conditions and methods of installation but often exceeds
ane week.

Weil purging is nearly always necessary to cbtain
samples of water flowing through the geologic formations in
the screened interval. Rather than using a general but
arbitrary guideline of purging three casing volumes prior ta

sampling, it is recommended that an in-line water quality
measurement device (2.9, flow-through cell) be used to
astablish the stabilization time for several parameters (e.9.
pH, specific conductance, redox, dissolved oxygen, turbidity}
on a weli-specific basis. Data on pumping rate, drawdown,
and volume required for parameter stabilization can be used
as a guide for conducting subsequent sampling activities.

The following are recommendations to be considered
before, during and after sampling:

. use low-fiow rates {<0.5 L/min), during both purging
and sampling to maintain minimal drawdown in the
welh)

. maximize tubing wall thickness, minimize tubing
length;

+ place the sampling device intake at the desired
sampling point;

. minimize disturbances of the stagnant water column
above the screened interval during water level
measurement and sampling device insertion;

« make proper adjustments te stabilize the flow rate as
soon as possible;

« monitor water quality indicators during purging;

«+ collect unfiltered samples to estimate contaminant
loading and transport potential in the subsurface
system.

B. Equipment Calibration

Prior to sampling, all sampling device and moenitoring
equipment should be calibrated according to manufacturet's
recommendations and the site Quality Assurance Project Plan
(QAPP) and Fleld Sampling Plan (FSP). Calibration of pH
should be performed with at least two buffers which bracket
the expected range. Dissolved oxygen calibration must be
corrected for local barometric prassure readings and eleva-
tion.

C. Water Level Measurement and Monitoring

It is recormmended that a device be used which will
least disturb the water surface in the casing. Well dapth
should be obtained from the welt logs. Maasuring to the
battom of the well casing will only cause resuspension of
settled solids from the formation-and regquire longer purging
times far turbidity equilibration. Measure well depth after
sampling is compieted. The water level measurement should
be taken from a permanent reference point which is surveyed
relative to ground elevation.

D. Pump Type

The use of low-flow (e.g., 0.1-0.5 {/min} pumps is
suggested fer purging and sampling all types of analytes. All
pumps have some limitation and these should be investigated
with respect 1o application at a particular site, Ballers are
inappropriate devices jor low=fiow sampling.



1) Genaral Considerations

There are no unusual requirements for ground-water
sarnpling devices when using low-flow, minima! drawdown
iechniques. The major cancern is that the device give
comsistent resuits and mminimal disturbance of the sample
across a range of low flow rates (i.e., < 0.5 Limin). Clearly,
pumping rates that cause minimal te NO drawdown in one welt
could easily cause significant drawdown in another well
finished in & less transmissive formation. In this sense, the
pump should not cause undue pressure or temperature
changes or physical disturbanse on the water sample bver a
reasonable sampling range. Consistency in operation is
critical to meet accuracy and precision goais.

2) Advantages and Disadvantages of sampling Devices

A variety of sampling devices are available for low-
flow (minimal drawdown) purging and sampling and include
peristaltic pumps, bladder pumps, electrical submersible
pumes, and gas-driven purmps. Davices which lend them-
selves to both dedication and consistent operation at defin-
able low-flow rates are prefetred, \t is desirable that the pump
be easily adjustable and operate reliably at these fower flow
rates. The peristaitic pump i= limited to shaliow applications
2nd can cause degassing resulting in alteration of pH,
alkalinity, and some volatiles loss. Gas-driven pumps should
be of a type that does not allow the gas to be in direct contact
with the sampled fluid.

Clearly, bailers and other grab type samplers are ill-
suited for tow-flow sampling since they wili cause repeated
disturbance and mixing of stagnant water in the casing and
the dynamic water in the soreened interval. Sigmilarly, the use
of inartial lift foot-valve type samplers may cause too much
disturbance at the point of sampling. Use of these devices
also tends to infroduce uncontrolied and unacceptable
operator variability.

summearies of advantages and disadvantages of
various sampting devices aré listed in Herzog et al. {1991),
U. S. EPA (1982), Parker {1954) and Thurnblad {1994).

E. Pump Installation

Dedicated sampling devices {left in the well) capable
of pumping and sampling are preferred over any other type of
device. Any portable sampling device should be slowly and
sarefully lowered to the rniddle of the screened interval or
slightly above the middie (e.g., 1-1.5 m below thetopofad m
screen). Thisisto minimize excessive mixing of the stagnant
waler in the casing above the scraen with the screehed
interval zone water, and to minimize resuspension of solids
which will have collected at the bottom of the well, These two
disturbance effects have been shown to directly affect the
firne required for purging. There also appears ta be a direct
sarrelation between size of portable sampling devices relative
to the weli bore and resulting purge volumes and times. The
keyisto minimize disturbance of water and solids in the well
Gasing.

F. Filtration

Decisions to filter samples should be dictated by
sampling objectives rathar than as a fix for poor sampling
practices, and field-filtering of certain constituents should not
be the default. Consideraticn should be given as to what the
application of feld-filiration is trying to accomphish. For
assessment of truly dissolved (as opposed o operationaily
dissoived [i.e., samples filtered with 0.45 pm filters)) concen-
trations of major ions and trace metals, .1 pm filters are
recommended although 0.45 pm filters are normally used for
most reguiatory programs. Alkalinity samples must also be
filtered if significant particulate calcium carbonate is sus-
pected, since this material is likely to impact alkalinity titrafion
resuits (although filtration itself may alter the CO, compaosition
of the sample and, therefore, affect the results).

Although filtration may be appropriate, filtration of a
sample may cause a number of unintended changes to ocour
{e.g. oxidation, aeration) possibly leading to fitration-induced
arifacts during sample analysis and uncertainty in the results.
Some of these unintended changes may be unavoidable but
the factors leading to them must be recagnized. Deleterious
offects can be minimized by consistent applicationt of certain
filtration guidelines. Guidelines should address sejection of
filter type, media, pore size, etc. in order to identify and
minimize potential sources of uncertainty when filtering
samples.

In-line filtration is recommended because it provides
better consistency through less sample handling, and
minimizes sample exposure o fhe atmosphere. In-line filters
are available in both disposable {barrel filters) and non-
disposable (in-line filter holder, flat membrane filters) formats
and various filter pore sizes (0.1-5.0 ym). Disposable filter
cartridges have the advantage of greater sediment handling
capacity when compared to traditional membrane filters.
Filters must be pre-rinsed following manufacturer's recom-
mendations. If there are nc recommendations for rinsing,
pass through a minimurn of 1 L of ground water following
purging and prior to gsampling. Once filtration has begun, a
filter cake may develop as particles larger than the pore size
accumulate on the filter membrane. The result is that the
effective pore diameter of the membrane s reduced and
particles smaller than the stated pore size are excluded from
the filtrate. Possible corrective measures include prefiltering
{with larger pore size filters), minimizing particle loads to
begin with, and reducing sample volume.

G, Mom’fon'ng of Water Level and Water Quality
indicator Parameters

Check water level periodically to monitor drawdown
in the well as a guide to flow rate adjustment. The goal is
minimal drawdown {<G.1 m) during purging. This goal may be
difficult to achieve under some circumstances due o geologic
hetercgeneities withih the screened interval, and may require
adjustment based on site-specific conditions and personal
oxperience, In-line water quality indicator parameters should
be continucusly monitored during purging. The water guality



indicator parameters monitered can include pH, redox
petential, conductivity, dissolved oxXygen (DC) and turbidity.
The last three parameters are often most sensitive. Pumping
rate, drawdown, and the time or volume required to obtain
stabilization of parameter readings can be used as a future
guide to purge the well. Measurements should be taken
every three to fiye minutes if the above suggested rates are
usad, Stahilization is achieved after all parameters have
stabllized for three successive readings. in lieu of measuring
all five parameters, & minimum subset would include pH,
sonductivity, and turbidity or DQ. Three successive readings
should be within £ 0.1 for pH, £ 3% for conductivity, = 10 mv
for redox potential, and * 10% for turbidity and DO. Stabilized
purge indicator paramster trends are generally cbvious and
follow either an exponential of asymptotic change to stable
values during purging. Dissolved oxygen and turbidity usually
require the longest time for stabilization. ' The above stabiliza-
tion guidslines are provided for rough estimates based on
expenence.

H. Sampling, Sample Containers, Preservation and
Decontamination

Upon parameter stabilization, sampling can be
initiated. if an in-line device is used to monitor water quality
parameters, it shouid be disconnected or bypassed during
sample collection. sampling flow rate may remain at estab-
lished purge rate or may ba adjusted slightly to minimize
asration, bubble formation, turbuent filing of sample hottles,
or loss of volatiles dus to extended residence time in fubing.
Typically, flow rates less than 0.5 L/min are appropriate, The
same device shouid be used for sampling as was used for
purging. Sampling should occur in a progression from least to
most contaminated well, if this is known. Generally, volatile
(2.g., solvents and fue! canstituents) and gas sensitive (e.g.
Fe®t, CH,, H,SMHS, alkalinity) parameters should be sampled
fret. The sequence in which samples for most inorganic
parameters are coliected is immaterial unless filtered (dis-
solved) samples are desired. Filtering should be done last
and in-iine filters shouid be used as discussed above. During
both weli purging and sampling, proper protective clothing
and equipment must be used based upen the type and level
of contarminants present.

The appropriate sample container will be prepared in
advance of actual sample collection for the analytes of
interest and include sarmple preservative where necessary.
Water sampies shouid be coliected directly into this container
from the pump tubing.

immediately after a sample bottle has been filled, it
must be preserved as spacified in the site (QAPP). Sample
preservation requirernents are based on the analyses being
performed (use site QAPP, FSP, RCRA guidance docurmnent
[U. 8. EPA, 1892] or EPA SW-846 [U. 8. EPA, 1982])
may be advisable to add praservatives ta sample bottles ina

controlied setfing prior to entering the fieid in order 1o reduce -

the chances of impropeny preserving sample bottles or

introducing field gontaminants info a sample bottle while
adding the praservatives.

The preservatives should be transferred from the
chemical bottie to the sample container using a disposable
palyethylene pipet and the disposable pipet should be used
only once and then discarded.

After a sample container has been filled with ground
water, a Teflon™ (or tin)-lined cap is screwed on fightly to
prevent the container from leaking. A sample label is filled
out as specified in the £5P. The sampies should be stored
inverted at 4°C.

Specific decontamination protocols for sampling
devices are dependent to some extent on the type of device
used and the type of contaminants encountered. Refer to the
site QAPP and FSP for specific requirements.

l. Blanks
The following blanks should be collected:

(1) field blank: one field blank should be collected from
gach source water (distiiled!deionized water) used for
sampling equipment decontamination or for assisting
we!l development procedures.

{2) equipment blank: cne equipment blank should be
taken prior to the commencement of fierd work, from
each set of sampling equipment to be used for that
day. Refer to site QAPP or FSP for specific require=
ments.

(3) trip blank: & trip blank is required to accompany each
volatile sample shipment. These blanks are prepared
in the laboratory by filing a 40-mi volatile organic
analysis (VOA) bottle with distilled/deionized water.

V. Low-Permeability Formations and Fractured
Rock

The overall sampling program goals or sampling
objectives will drive how the sampling _points are located,
instalied, and choice of sampling device, Likewise, site-
specific hydrogeciogic factors will affect these decisions.

~ Sites with very low permeability formations or fractures

causing discrete flow channels may require 8 unigue monitor-
ing approach. Unlike water suppty wells, wells instalied for
ground-water quality assessment and restoration programs
are often insialled in low water-yielding settings {e.g., clays,
silts). Alternative types of sampling paints and sampling
methods are cften neaded in these types of environments,
because low-permeabiity settings may require extremely low-
flow purging {<0.1,L/min) and may pe technology-limited.
Where devices are not readily available to pump at such low
fiow rates, the primary consideration is to avoid dewatering of



the well screen. This may require repeated recovery of the
water during purging while leaving the pump in place within
the well screen.

Use of low-flow technigues may be impracfical in
these setfings, depending upon the water recharge rates.
The sampler and the end-user of daia coliected from such
wells need to understand the limitations of the data coliected:
i ., a strong potential for underestimation of actual contami-
rant conoantrations for volatile organics, potential false
negatives for fliered metals and potential false positives for
unfliered metals. Itis suggested that comparisons be made
between sampies recovered using low-flow purging tech-
nigues and samples recovered using passive sampling
techniques {i.e., two sats of samples). Passive sample
colleciion would essentially entail acquisition of the sample
with no or very litle purging using & dedicated sampling
system installed within the screened interval or a passive
sample collection device.

A. Low-Permeability Formations (<0.1 L/min
recharge)

1. Low-Flow Purging and Sampling with Pumps

a. “portable or non-cedicated mode” - Lower the pump
(one capable of pumping at <0.1 L/min) to mid-screen
or slightly above and set in place for minimum of 48
hours {to lessen purge volume requirements}. After 48
hours, use procedurss listed in Part IV above regard-
ing monitoring water quality paramsters for stabiliza-
tion, stc., but do not dewater the screen. If excessive
drawdown and slow recovery is a problem, then
alternate approaches such as those listed below may
be betfer.

b. ‘dedicated mode” - Set the pump as above af least a
week prior to sampling; that is, operate in a dedicated
pump mode. With this approach significant reductions
in purge volume should be realized. Water guality
parameaiers should stabilize quite rapidiy due to lass
disturbance of the sampling zone.

2. Passive Sample Coilection

Passive sampling collection requires insertion of the
device into the screenad intarval for a sufficient time petiod tO
allow flow and sample squilibration before extraction fof
analysis. Conceptually, the axtraction of water from low
yielding formations seems more akin to the collecticn of water
from the unsaturated zone and passive sampling techniques
may be more appropriate in terms of obtaining “representa-
tive" samples. Satisfying usual sample volume requirements
is typically a problem with this approach and some |atitude will
be nesdad on the part of regulatory entities to achieve
sampling objectives.

B. Fractured Rock

In fractured rock formations, & low-flow to zerc
purging approach using pumps in conjunction with packers to
isolate the sampling zone in the borehale is suggested.
Passive multi-layer sampling devices may also provide the
most ‘representative’” samples. itis imperative in these
settings to identify flow paths or water-producing fractures
prior to sampling using toots such as barehole flowmsters
and/cr other geophysical tools.

After identification of water-bearing fractures, install
packer(s) and pump assembly for sample collection using
low-flow sampling in “dedicated mode” or use a passive
sampiing device which can isolate the identified water-bearing
fractures.

V!. Documentation

The usual practices for documenting the sampling
event should be used for Jow-flow purging and sampling
techniques. This should include, at a minimum: information
an the conduct of purging operations (flow-rate, drawdown,
water-quality parameter values, volumes extracted and fimes
for measurements), field instrument calibration data, water
sampling forms and chain of custody forms. See Figures 2
and 3 and "Ground Water Sampling Workshop - A Workshop
summany” (U. S. EPA, 1989) for example forms and other
documentation suggestions and inforration. This information
coupled with laboratory analytical data and validation data are
needed to judge the uyseability’ of the sampling data.

VIi. Notice

The U.S. Environmental Protection Agency through its Office
of Research and Davelopment funded and managed the
research described herein as part of its in-house research
program and under Contract No. 68-C4-0031 to Dynamac
Corporation. |t has been subjected to the Agency's peer and
administrative review and has been approved for publication
as an EPA document. Mention of trade names of commercial
products does not constitute endorsement or recommendar
tion for use.
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Figure 2. Ground Water Sampling Log

Project Site Well No. Date

well Depth Screen Langth Wall Diameter Casing Type
sampling Device Tubing type Water Loevel
Measuring Point Other infor

Sampling Personnel

Notes ]

Time pH Temp | Cond. Dis.0, | Turb. [ IConc

I I

‘ﬁ'ﬂﬁ}——?_’?—ﬂﬂ*—QT#ﬁrFWT

L

Type of Samples Collected

Informatian: 2 in =647 mifft, 4in = 2470 miift: Vol = nrh, Vol =430 r#
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Figure 3. Ground Water Sampling Log (with automatic data logging for most water quality

parameters)
Project Site Well No. Date
Well Depth Screen Length Weli Diameter Casing Type
Sampling Device Tubing type Water Loval
Measuring Point Other Infor
Sampling Personnel
W Time Pump Rate Turbidity Alkalinity [ ]1Conc Notes

Type of Samples Coltected : N

Information: 2 in =617 mlt, 4 in = 2470 ml/ft: VDI“‘ =nrth, Vol .= Al
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