TRIANGLE
ENVIRONMENTAL
Inc.

November 27, 1998

Mr. Thomas J. Walker
Hazardous Waste Section

~ile:
Aldcalel Network

ANCD Q03

North Carolina Department of Environment and Natural Resources

401 Oberlin Road, Suite 150
Ralergh, North Carolina 27605

Reterence:  Phase 11 REI Report
Alcatel Network Systems, Inc.
Raleigh, North Carolina
NCD 003 185 238
Triangle Project N2 01-003-0209

Dear Mr, Walker:

Raleigh, NC

135 238 910.828. 3150
Charlotte, NC

704-529-5551

Wilmington, NC

910-392-1747

Triangle Environmental, Inc. (Triangle), on behalf of Alcatel Network Systems, Inc. is
pleased to submit three copies of the Phase II RCRA Facility Investigation report. The work
was performed following review and approval of the Phase II RCRA Facility Investigation
Work Plan for the Alcatel Network Systems, Inc. facility in Raleigh, North Carolina.

If you have any questions please contact me at (910) 392-1747, ext. 23.

Sincerely,

TRIANGLE ENVIRONMENT

Miéhziel H. Haseltine, 1..G.
Project Geologist
MIHH/kf

, INC.

enclosures

ce: Dikran Kabbendjian - Alcatel Network Systems, Inc.

B\ RROTECTE\ALCATELL O 200N\ IRFL  wpel

295.A N. Green Meadows Dr. Wilmington, NC 28405

910-392-1747

910-392-8654 FAX



PHASE II RCRA FACILITY INVESTIGATION

ALCATEL NETWORK SYSTEMS, INC.
2912 WAKE FOREST ROAD
RALEIGH, NORTH CAROLINA 27609
NCD 003 185 238

Prepared for-
ALCATEL NETWORK SYSTEMS, INC.
2912 Wake Forest Road
Raleigh, North Carolina 27609

FPrepared by:
TRIANGLE ENVIRONMENTAL, INC.
295-A North Green Meadows Drive
Wilmington, North Carolina 28411

November 1998

RTLLLLLL LIPS

''''''
L




CERTIFICATION OF PHASE II RCRA FACILITY
INVESTIGATION

ALCATEL NETWORK SYSTEMS, INC.
2912 WAKE FOREST ROAD
RALEIGH, NORTH CAROLINA

I certity under penalty of faw that this document and alt attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persens directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true,
accurate, and complete. I am aware that there are significant penalties for submitting false
information includiag the possibility of fine and imprisonment for knowing violations.

Date: ch’i“bﬂgiﬁ: 1978 Signature: %j/ % %4_)% )

/‘/23;@# Wosecey - ﬂ&ﬂg/e

Title  Eumomeds Tn .,




TABLE OF CONTENTS

SECTION

1.0

2.0
3.0

INTRODUCTION
1.1 Background Information
1.1.1  Facility Location and Use
1.1.2 Environmental Assessment/Rermnediation History
1.1.2.1 Description of Areas of Concern
1.1.2.2 Further Investigauons
1.1.2.3 RCRA Fucility Investigation for AOC #1 and #2
124 Interim Corrective Actions
1.2 Regional Environmental Setting
1.2.1 Surrounding Land Usage
1.2.2 Demographics
1.2.3 Regional Climatology
1.2.4 Regional Hydrology and Surface Water Usage
1.2.5 Regional Geology and Hydrogeolosy
1.2.6 Ground Water Usage
1.3 Local Environmental Setting
1.3.1 Topography and Hydrology
1.3.2 Geology and Hydrogeology
INVESTIGATION OBJECTIVES
INVESTIGATION RESULTS
3.1 Assessment of VOC Source
3.2 Assessment of Backsround Ground Water

3.3 Assessment of Background Copper and Lead

T 2

Lo O



n‘

SECTION

34

3.6

3.7

331

TABLE OF CONTENTS (continued)

Statistical Analysis

3.5.1.1 Background

3.3.1.2 Data Selection

3.3.1.3 Distributional Characteristics
3.3.1.4 Homogeneity of Variance

3.3.1.5 Selection of the Appropriate Statistical Method

Vertical Extent of Contamination

341
3.4.2
343
3.3

3.5.1
3.5.2
3.53
3.5.4

Bedrock Investigations

Fracture Zones

Ground Water Elevation and Sampling
Horizontal Extent of Contamination
Geoprobe Investigation

Monitoring Well Installation

Oft-Site Facilities

Survey

Natural Attenuation Fvaluation

3.6.1
3.6.2

Background

Transformation of the Target Compounds

3.6.2.1 Daughter Products

3.6.2.2 Indicators of Biodegradation

3.6.3

Natural Attenuation Screening and Evaluation

3.6.3.1 Investigation

3.6.3.2 Resulis

3.6.3.3 Parent and Daughter Contaminant Distributions
3.6.3.4 Degrzdation Rates

3.6.3.5 Former Solid Waste Disposal Site

Ground Water Potentiometric Surfaces



TABLE OF CONTENTS (continued)

SECTION PAGE
4.0 CONCLUSIONS 51
50 RECOMMENDATIONS 54

LIST OF FIGURES

FIGURE 1 LOCATION MAP

FIGURE 2 SITE MAP

FIGURE 3 SOURCE AREA SOIL SAMPLING LOCATIONS

FIGURE 4 BACKGROUND VOC'S AND METALS, AND OFFSITE
GEOPROBE LOCATIONS

FIGURE 5 L.OCATION OF FORMER SOLID WASTE DISPOSAL FACILITY

FIGURE 6 AREAL EXTENT OF PCE PLUME

FIGURE 7 AREAL EXTENT OF TCE PLUME

FIGURE 8 AREAL EXTENT OF TCA PLUME

FIGURE 9 AREAL EXTENT OF DCE PLUME

FIGURE 10 AREAL EXTENT OF DCA PLUME



FIGURE 11

FIGURE 12

LIST OF TABLES

TABLE |

TABLE 2

TABLE 3

TABLE 4

TABLE 5

TABLE 6

TABLE 7

TABLE 8

TABLE©

GROUND WATER POTENTIOMETRIC SURFACE OF
UNCONSOLIDATED AQUIFER

GROUND WATER POTENTIOMETRIC SURFACE OF
BEDROCK AQUIFER

FIELD SCREENING AND LABORATORY RESULTS OF SOIL
SAMPLES COLLECTED AT SOURCE AREA

COPPER AND LEAD CONCENTRATIONS FROM SOURCE AND
BACKGROUND AREAS

RESULTS OF STATISTICAL ANALYSIS OF BACKGROUND AND
SOURCE AREA COPPER AND LEAD CONCENTRATIONS

RESULTS OF OFF-SITE GEOPROBE INVESTIGATION

SUMMARY OF DAUGHTER PRODUCTS AND HALF-LIVES

NATURAL ATTENUATION SCREENING RESULTS

NATURAL ATTENUATION RANKING

COMPARISON OF DECAY RATE AND TRACER ATTENUATION
RATES

GROUND WATER ELEVATIONS



LIST OF APPENDICES

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

APPENDIX E

APPENDIX F

APFENDIX G

APPENDIX H

LOCATION OF AREAS OF CONCERN

WELL COMPLETION FORM (GW-1) AND SELECTED BORING
LOGS

SAMPLE METHODOLOGIES

LABORATORY REPORTS

STATISTICAL ANALYSIS OF BACKGROUND AND SOURCE
AREA COPPER AND LEAD

OCCURRENCE OF BEDROCK FRACTURES

DRAFT EPA REGION 4 SUGGESTED PRACTICES FOR
EVALUATION OF A S5ITE FOR NATURAL ATTENUATION OF
CHLORINATED SOLVENTS AND DEGRADATION RATE

CALCULATIONS

EVIDENCE OF THE FORMER SOLID WASTE DISPOSAL SITE



EXECUTIVE SUMMARY

This Phase Il RCRA Facility Investigation report is submitted in accordance with Condition
ILE of the Hazardous Waste Management Permit which becarne effective June 3, 1994 for the

ALCATEL Network System, Inc, facihty (ALCATEL) located in Raleigh, North Carolina.

The work described in this report was conducted following the Phase [I RCRA Facility
Invesugation Work Plan, dated October 1997. Approval of the work plan was provided in
correspondence from Hazardous Waste Section, dated February 13, 1998, The objectives of
the work plan were to idenrify and implement additional assessment tasks not performed
during previous investigative activities. These tasks included continuation of the assessment of
the solvent source area; determination of the vertical and horizontal extent of the solvent
contarnination; determination of background soil Copper and Lead concentrations; and
refinement of the ground water potentiometric surfaces through the incorporation of off-site

monitoring wells.

Additional objectives not specified in the work plan but approved by the Hazardous Waste

Section included: 1) Determination of the presence or absence of contaminants in the ground
water located up-gradient of the suspected source area; and 2) Investigation of the conditions
of the water quality parameters within the plume and in the vicinity for evaluation of natural

allenuation.

Additional source area investigations inchuded the installation of two bedrock monitoring
wells, MW-13d and MW-14d, the advancement of a Geoprobe boring, and reevaluation of
previous soil investigations. Results of this investigation did not reveal an existing soil source.

In addition, Dense-Phase Non-Aqueous Liquids (DNAPLs) were not encountered.

The vertical and horizontal extent of the contamination within the unconsolidated aquifer was
defined through the instatlation of the down-gradient monitoring well, MW-13s, and numerous

down-gradient Geoprobe borings., However, the vertical extent of the contamination has not



been completely defined. Laboratory results from the down-zradient well, MW-15d, and the
deep bedrock monitoring well, MW-4dd, revealed the presence of target cormpounds. A
packer test was atemnpted during construction of MW -4dd 1o isolate and identify the
contaminated fracture zones. Unfortunately, the well did not produce sufficient water below

55 feet to conduct the testing.

A much greater understanding of the area’s ground water flow was provided following the
incorporation of eight off-site monitoring wells. As antcipated, regional hydraulic gradient is
toward the Crabtree Creek. The ground water elevation data may be applied to future fate and

transport modeling requirements.

Up-gradient Copper and Lead soil concentrations were determined through sample collection
and laboratory analysis. A statistical analysis revealed that there was no evidence of
contamination i comparison of up-gradient Copper and Lead soil concentrations to those

concentrations within the “source areas.”

The natural attenuation evaluation was conducted in accordance with the recently completed
U.S. Environmental Protection Agency’s Directive and associated guidance documents. Field
measurements and laboratory analyses revealed evidence of both biotic and abiotic
degradation. In addition, the presence of 1,1, 1-Trichlorcethane; 1,1-Dichloroethane; 1,1-
Dichloroethane, and 1,2-Dichloroethane may be the resuit of the transformation of the two

parent compounds, Tetrachloroethane, and 1,1,1-Trichloroethane.

During the investigations for this report, a former solid waste disposal facility was
encountered. Results of field screening ground water samples collected indicated anaerobic
subsurface conditions. A common selvent degradation end product, vinyl ¢chloride, was also
detected. Consequently, subsurface conditions at the former landfill may be suitable for the

reductive dehalogenation of solvents.



1.0 INTRODUCTION
The purpose of this report 1s to summarize the findings of the Phase II RCRA Facility

Investigation (R¥T) work as proposed in the Phase IT RFT Work Plan.
1.1  Background Information

The ALCATEL facility 1s located at 2912 Wake Forest Road in the City ot Raleigh,
Wake County, North Carolina. The facility is jocated in an industrial-zoned area near
the intersection of Wake Forest Road and the Raleigh Belt-Line (I-440) (Figure 1).
The facility is situated on a 24-acre site consisting of a 234,000 ff main building,
storage and rnaintenance buildings, security buildings, parking lots, and landscaped
"narural” areas. The main building is now used for business administration and

research and development. The site layout is shown in Figure 2.

m 1.1.1 Facility Location and Use
The Kellogeg Corporation, a division of ITT, began operation of the facility in
1958, Ar that time, the facility produced electronic and telecommunications
equipment. In 1987, ALCATEL Network Systems Corporation bought the
facility, Electroplating operations were conducted at the facility as part of

printed circuit board manufacture untii 1990,

During the time that the facility conducted manufacturing processes, a
wastewater treatment plant (WWTP) was in operation at the site. The WWTP
treated 300,000 to 400,000 gallons of wastewater per day. The waste was
generated from several sources including the printed circuit board
manufacturing area, the non-contact cooling/heating water, the compressor
drainage watcr, and the cooling tower water. Treated effluent generated by the

WWTP was discharged to the City of Raleigh publicly owned treatment works
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(POTW). Processes that generated hazardous waste at the facility ceased in
1990 when the electroplating operations at the facility ended. (RCRA Facility
Investigarion for area of concern (A0C) #1 and #2 Work Plan, Qctober 1994),

1.1.2 Environmental Assessment/Remediation History

During the construction of a storm water mapagement system in 1989,
contaminated soil was discovered in three areas along the alleyway on the North
side of the factlity. A fourth area was discovered in 1990 after printed circuit
board manufacturing processes were terminated. Preliminary investigations
were conducted immediately following the discovery of the contaminated soil.
Four areas of concern were identified. The investigations included the
installation of twelve monuoring wells, a soil gas survey, twenty-five soil
borings, and the excavation and disposal of contaminated soil. The reader
should reference the RCRA Facility Investigation for AQC #1 and #2 Work Plan,
dated October 1994, for specific details regarding these preliminary subsurface
investigations of AQC #1 and AOC #2. The RFI Work Plan, approved by the
Hazardous Waste Section in a letter dated July 14, 1995, focused on AOC #2
{(the former printed circuit board manufacturing area). The following is a brief
summary of those investigations and remedial actions conducted prior to

implementation of the Phase IT RFI Work Plan.

1.1.2.1 Description of Areas of Concern

Twao areas of concern (AOCs), designated AOC #1 and AOC #2, were
noted in the RCRA permit for the ALCATEL facility. AOC #1 13
located in an alleyway on the North side of the main building. AOC #2
is the former printed circuit board manufacturing area, located within
and beneath the main building. Characteristics of each AOC are

provided below. Diagrams of AOC #1 and AOC #2 are included in



Appendix A. (RCRA Facility Investigation for AOC #1 and #2 Work
Plan, October 1994).

AQC #1

AOC #1 is located in an alleyway on the North side of the main
building. Previous uses of this area have included waste and chemical
storage. The area has also been the location of holding tanks for process
materials. A WWTP was formerly located on the Eastern end of the
alleyway. The $torage areas for wastes and process materials, as well as
the WWTP, have been decontaminated and closed since
decommissioning of the former manufacturing process. Previous
environmental investigatons in this area identified four sub areas (Area
1. Area 2, Area 3, and Area 4) which have exhibited soil
contamination. Previous studies also included the installation of two

ground water monitoring wells in the alleyway.

Area 115 an area approximately 15 feet by 14 feet located along the

main buiiding, approximately mid-way in the drainage alleyway.

Area 2 is an area approximately 40 feet by 20 feet located along the
former process sump on the East end of the alleyway. Within these
areas, soil contammated by copper and lead was identified and
excavated, The contamination has been attributed to leaks in subsurface
process lines located in the vicinity, To date, approximately 277 tons of
soll have been excavated from the two areas as part of a voluntary
remediation effort. The excavated soil was shipped to GSX in

Pinewood, South Carolina for disposal.



Results of Toxicity Characteristic Leaching Procedure (TCLP) tests from
both Areas [ and 2 indicated that no further remedial action was

required.

Area 3 is located on the Western end of the alleyway and covers an area
of approximately 30 feet by 10 feet. Soil sampling from this area
indicated the presence of volatile organic compounds (VOCs).
Specifically, the chlorinated compounds 1,1,1-Trichloroethane (TCAY;
1,1,2-Trichloroethane (1,1,2-TCA); 1,1-Dichioroethane (DCA); 1,2-
Dichioroethane (1,2-DCA); 1,1-Dichloroethene (DCE); and
Tetrachloroethane (PCE) were detected in varying concentrations.
Approximately 92 tons of soil have been excavated from this area during
remmedial efforts. The excavated soil was shipped to GSX in Pinewood,
South Carolina, for disposal. Additional VOC impacted soil was
identitied around the Area 3 excavation; however, due to the presence of

foundations, these soils were inaccessible to further excavation.

Area 4 is located in the central portion of the alleyway and measures
approximately 30 feet by 25 feet. Area 4 previously contained a shed-
like structure housing two chemical reaction tanks. Analytical results for
Lead and Copper ranged from below quantification limit (BQL) to 1.3
mg/L in TCLP extracts and from Below Quantification Limit to 21,100
mg/Kg as total lead in soii. The Westinghouse environmental report
indicated that "the lead contamination is limited in the soil to a depth of
approximately one foot and in the overlying paving materials." No

subscquent remedial action was performed in Area 4.

Additional assessment work was conducted in the vicinity of the

facility's former wastewater treatment plant, located at the extreme
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Eastern end of AOC #1. During decommissioning of the treatment
plant, and prior to converting the plant's equalization basin to its current
use, a chifled water holding tank and monitoring wells MW-6 through
MW-9 were installed in order to determine if a release had occurred
from the treatment plant basin, Examination of basin and monitoring

well chemical data has indicated that no impact has occurred.

With the exception of Area 4, remedial efforts have been successful in
the removal of contaminated soil from AOC #1. Confirmatory samples
collected following excavation activites in Area 1, Arga 2, and Ayea 3
verified soil contamination has been significantly reduced or removed,
Because of this, and the fact that no process, chemical, or waste storage
areas remain active within the area, no additional investigative activities

are designated for AOC #1.

AQC #2

AQC #2 is the former printed circuit board manufacturing area, located
within and beneath the main building. During previous manufacturing
operations, efectroplating and chemical plating processes were conducted
in this area. The process incorporated coated, concrete, in-ground
trenches which acted as conduir for rinse water and as secondary
containment for process piping. These trenches were located in the floor
of the building, within the area designated as Former Printed Circuit
Board Areg.  Tn addition to the trenches, TCA was used in this area for
the cleaning of printed circuit boards. A distillation unit (still), used to

purify TCA. was also located in this area.

All process areas (troughs, distillation equipment, etc.} and/or

chemical/waste storage areas which formerly operated in this area have
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been decontaminated and decommissioned. The former process trenches
were thoroughly decontaminated. The concrete was examined for
evidence of corrosion and/or deterioration. Deteriorated concrete was
removed and wipe tests were performed to determine if process
chemicals had perforated into the concrete. The results of these tests
were negative, and the treaches were filled with concrete. The area 18

now used for office and laboratory space and as a print shop.

1.1.2.2 Further Investigations

The National Environmental Technologies, Inc. (NET) report titled
Phase I Soil and Groundwater Impact Assessment (RCRA Facility
Investigation for AOC #1 and #2) was the first of three reports which
addressed sotl and ground water contamination in the area now referred
to as AOC #2. Objectives of the report included assessment of ground
water quality and characterization of the hydrogeological conditions at
the site. Pursuant to these objectives a passive soil gas survey was
conducted, five monitoring wells were installed and aquifer tests were
performed. Laboratory results of the five shallow monitoring wells
(MW-1s through MW-5s) confirmed this suspicien by the identification

of certain VOCs in ground water samples recovered from the wells.

During the ground water investigation beneath the former manufacturing
area, five soil samples were collected to determine if soil beneath the
area was impacted by formner operations. Copper was detected in each
sample. Lower concentrations (< 700 ug/L) were thought to be
naturally occurring, while the higher concentrations, detected in samples
collected closer to the Northern side of the main building, were thought

to be the result of previous operations at the facility. Target VOC's were



detected at clevated concentrations in 5SB-2 and SB-9. The soil in the

vicinity of SB-2 and SB-9 was later excavated.

The aquifer characterization study revealed uniform weathering to the
PWR/bedrock interface, Hydraulic conductivities, calculated from slug
tests, ranged trom 3,02 to 5,72 ft/day with gradients ranging trom 0.16

w 0.19 ft/ft.

Additional ground water quality work was accomplished during closure
of ALCATEL's on-site wastewater ireatment plant. This work was
performed independently of the above mentioned assessment activities
and resulted in the installation of four additional ground water
monitoring wells. Monitoring wells MW-6s through MW-9s were
installed up-gradient and down-gradient of the treatment building.
Sampling results from these welis indicated that no impact to ground

water occurred as a result of the operation of the treatment plant.

Further voluntary ground water investigative work was Initiated in June
1993, and continued through October of the same year. This work 18
summarized in two NET reports dated August 11, 1993, and October
22, 1993, and titled Resulits of Ground Water Investigation and Reporr of
Ground Warer Investigation, respectively (RCRA Facility Investigation
for AOC #1 and #2, Appendix D). During these investigations, several
borings were advanced inside the ALCATEL main building for the
purpose of water quality and soil assessment. Results indicated that
little, if any, soil contamination was present; however, VOC impacted
ground water encompassed an area of approximately four acres in the
vicinity of the main building. The installation of monitoring weils MW-
10s through MW-12s was accomplished during the studies to address

YOU contamination.



During environmental audit activities associated with development of the
Keebler property, Soil & Materials Engineers (S&ME) sampled soils on
the Keebler property to establish baseline conditions. Their assessment

was conducted during the period February through April 1995,

During their study, S&ME collected soil samples from 11 points on the
former Keebler property, No volatile compounds were detected during

analysis of the soil samples.

1.1.2.3 RCRA Facility Investigation for AOC #1 and #2

The complete description of the field methodologies and investigation
results conducted under the approved Work Plan can be obtained in the
repotrt RCRA Facility Investigation for AQC #1 and #2, dated February

1996. The following is a brief summary of that report.

il_Investi
During the months of May and June 1995, a soil investigation was
conducted beneath ALCATEL's main building. Ten soil borings were
advanced beneath the floor of the main building to depths of
approximately 11 feet below grade, or to auger refusal, whichever was
first. Soi] borings were conucentrated in two areas; in the area along the
exterior wall of the original 1958 building, and in the vicinity of the
former plating trenches. Laboratory analyses did not indicate impact by
volatile constituents; however, several samples showed elevated
concentrations of copper and/or lead. The majority of samples
exhibiting higher metals concentrations were collected near the north

wall of the building bordering AQC #1. Piease reference the RCRA




Facility Investigation for AOC #1 and #2 for the locations of these

borings and laboratory results.

Monitori Install
Prior to this investigation, twelve monitoring wells (MW-1 through
MW.-12) existed on the ALCATEL property and none on the adjacent
Keebler property. Coincidental to this mvestigation, eleven monitoring
wells were installed on the Keebler property during pre-acquisition
auditing activities. The discovery of off-site contamination prompied the
submittal of an addendum to ALCATEL's RF] Work Plan, resulting in
the installation of four monitoring wells (all on the Keebler property;
MW-8SK, MW-8DK, MW-95K and MW-9DK) in addition to MW-2D,
MW-3D, MW 4D, MW-7D, MW-13§, RW-1 and RW-2.

MW-13s was installed inside ALCATEL's main building using a
stainless steel hand auger. The remaining Type [T wells were installed

with a power drilling rig using hollow-stern augers.

The two recovery wells (RW-1 and RW-2) were advanced using air
percussion drilling techniques (air hammer) and were screened in the
saprolite and weathered/highly fractured rock zones. The recovery wells,

RW-1 and RW-2, were installed for aquifer testing.

Each of the seven Type I monitoring wells were installed within the

competent bedrock using the alr hammer.



Well §; ling and_Analvsi
Ground water samples were collected during this investigation from
monitoring wells at the site to characterize ground water quality within
the aquifer system. Samples were collected trom the fifteen wells on the

ALCATEL property and sixteen monitoring wells on the former Keebler

property.

The total VOC plume at the water table appeared to be roughly a
symmetrical and elliptical feature having a longinudinal axis oriented
northeast-southwest. The plume encornpassed approximately 9.75 acres
i lateral extent. In the bedrock, the lower extent of the plume also
appeared as a symmetrical, ellipsoidal featwre with a longitudinal axis
oriented north-south. The lateral extent of the bedrock plume

encompassed approximately 10.5 acres.

trea npli
Surface water samples were collected from the unnamed siream, which
transects the western portion of the study area, but now primarily serves
the storm runoft. The stream is a tributary of the Crabiree Creek. Water
samples were collected up-gradient (CS-1) and down-gradient (CS5-2) of
the study area to determine if target constituents impacted the stream.
during its flow across the property. Carbon disulfide, copper, and lead
were detected in both samples. Carbon disulfide was detected by
Method 8240 analysis at concentrations of 11.0 ug/L and 14.0 ug/L in
samples C5-1 and CS-2, respectively. No other VOU compounds were
detected. Copper was detected at 2.5 ug/L and 3.5 ug/L in samples CS-
1 and CS-2, respectively; and lead was detected at 1.7 ug/L. and 1.1
ug/L in samples CS-1 and CS8-2, respectively. From these results, it
may he concluded that the stream is not impacted by regulated

constituents {from the ALCATEL property.
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During this sampling an average flow velocity of 31.9 fi/minute was

measured. The resulting base flow discharge is 15.9 fr'/minute.

Agquifer testing was performed on well RW-2, The aquiter testing
consisted of a four-hour step-drawdown pumping test, followed by a 72-
hour constant discharge aquifer test. The step test indicated a discharge
on the order of 7.5 gpm would produce a suitable drawdown (about 4
feet) and limit turbulent flow conditions during the 72-hour pump test.
In addition to wells RW-1, RW-2, and MW-2ik that were connected to
the data [ogger, water levels were routinely monitored by hand in wells
MW-4d and MW-2sk. Data collected during the 72-hour aquifer test
for pumping well RW-1 and observation wells RW-2, MW-2sk, MW-
21k, and MW 4d were evaluated using GWAP (Graphical Well Analysis

Package).

Based upon the constant rate pumping test, the geometric mean hydraulic
conductivity (K,), 19.40 fr/day, was calculated. Earlier slug testing
results in the saprolite hydrolithologic unit provide a tnean hydraulic
conductivity of 3.99 fi/day. The constant rate pumping test data was
considered more accurate, Based upon the (K,) of 19.40 ft/day a
transmissivity of 1218 fr*/day was calculated. Storativity ranged from
(0.0014 to 0.156.

1.1.2.4 Interim Corrective Actions

The Interim Corrective Measure (ICM) Plan was prepared In response to
the conclusions and recommendations presented m the February 1996,
RCRA Facility Investigation (RFT). The ICM Plan proposed ground
water recovery, treatment, and injection. The target VOC compounds

include DCE, DCA, TCA. TCE, and PCE. The systemt was designed
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to create a hydraulic barrier and capture the up-gradient contaminated
ground water using the recovery wells, capture and recircuiate the
injected ground water to create a semi-closed loop system, and reduce or
eliminate the ¢ontarninant plume. Construction of the remedial system
was completed in September 1996, following verbal approval of the
ICM Plan. The system construction details are summarized in the

Remediation System Construction Report dated August 1997.

The ground water is recovered through an array of 22 recovery and
containment wells. The treatment system currently removes greater than
99.99 percent of the contaminants through volatilization (shallow tray air
stripper) and adsorption (two granular activated carbon units). The
treated water 1$ injected in up-gradient locations through an array of

eight injection wells and a reagnent system on the site.

The subsurface injection of the effluent from the ground water
remediation system is permitted under NCDENR, permit #WQ0012221
and NPDES permit # NC 0089126.

ALCATEL started the shake-down of the treatment system in September
1996. The shake-down and testing period continued until December
1996, at which time ALCATEL and National Environmental
Technologies, Inc. (now Triangle Environmental, Inc. (Triangle)) were
comfortable with the systern operation. The first Interim Measures
Progress Report (IMPR) of the treatment system effectiveness included
the period from September 1996, through April 1997, The second
IMPR included the period from April 1997, through October 1997. The
third report includes the period from November 1997, through April
1998, Subsequent reports will be issued on a semi-annual basis
following each monitoring period.

12
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1.2

Regional Environmental Setting

1.2.1 Surrounding Land Usage

The ALCATEL facility is located within the city limits of Raleigh, North
Carolina, and 15 sitated within an industrial park setting. Although residential
areas are located within one-half mile of the site, surrounding property uses are
primarily ingustrial and commercial. { RCRA Facility Investigation for AQC #1
and #2 Work Plan, QOctober 1994.)

1.2.2 Demographics

The site is located within the city limits of Raleigh, located in Wake County,
Nerth Carolina, Approximately 350 major employers are located in the city of
Raleigh, with the predominant industry being technical/research based.
Research Triangle Park, an adjunct of the city of Raleigh, presently
accommodates over 100 such firms. Technical/research-related commerce is
anticipated to accelerate in the Raleigh area throughout the 1990's and beyond.
Raleigh's population is presently 235,000, with an increase of 38.4 percent
from 1980 to 1990. Wake County's total population is 440,000,
Approximately 93.9 square miles comprise Raleigh's city limits. (RCRA
Facility Investigation for AQC #1 and #2 Work Plan, October 1994.)

1.2.3 Regional Climatology

The Raleigh area is characterized by a humid, subtropical climate with mild
winter and warm summer seasons. Typically July 18 the warmest month and
January is the coldest month, with mean monthly ternperatures of 77.7° F and
39.6° F, respectively. The annual mean humidity is 70 percent, with humidity

values typically higher in the summer and fall months.
Average monthly precipitation varies by season. On average, the month with
the greatest precipitation 1s August with an average 4.44 inches; the month with

the least precipitation is October with an average 2.73 inches. The normal
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mean annual precipitation s 41.76 inches, and the 10-year, 24-hour storm event

for this area produces approximately 5.50 inches of rainfall.

The predominant wind direction is from the Southwest, at an average velocity of
7.7 mph, The wind data was collected at Raleigh-Durham Airport.

(RCRA Facility Investigation for AQC #1 and #2 Work Plan, October 1994 .)

1.2.4 Regional Hydrology and Surface Water Usage

Several surface water features are located in the region. These features include
streams, ponds, storm waler detention basing, lakes, and rivers. The City of
Raleigh relies on surface water for the public potable warter supply. Falls Lake
Reservoir, located approximartely 16 miles North of the site, is the source for
the public water supply. The Crabtree Creek, a perennial streani, is located
approximately 0.5 miles South and down-gradient of the site. (RCRA
Facility Investigarion for AQOC #1 and #2 Work Plan, October 1994)

1.2.5 Regional Geology and Hydrogeology

Wake County is located within the Northeastern portion of the Piedmont
physiographic proviace of North Carolina, The regional terrain is generally
rolling, with elevarions (within the county) ranging between 200 and 500 feet
above Meun Sea Level (M.S.L). The topography is dissected by dendritic

strearns which allow for relatively good drainage.

The Piedmont physiographic province is comprised of several somewhat parallel
metamorphic "belts". The metamorphic belts are areas of regionally
metamorphosed rocks which have been delineated and characterized based on
their metamorphic grade. Wake County resides within a high grade
metamorphic zone known as the Raleigh Metamorphic Belt, or the Raleigh
Terrane. The region is bounded on the West by rocks of the Carolina Slate

Belt, and on the East by rocks of the Eastern Slate Belt. The Raleigh Terrane is
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comprised primarily of medium to high grade, felsic gneiss and mica schists,
Local granitoid intrusions are also common in the region (Stoddard, er.al. in

Wright and Zullo, 1991).

The Piedmont i characterized by 4 soil veneer derived from weathered bedrock,
or saprolite, which overlies competent bedrock. The thickness of the saprolitic
sotl varies considerably between locations, but is generally thicker in areas
where topographic slope is low, and infiltration from precipitation is abundant,
Competent bedrock occurs at varying depths below the saprolite, and 15
typically fractured by jointing and/or faulting. Joints are most abundant at
shallow depths where overburden pressures are mimimal, whereas faults

commonly extend to considerable depths.

The primary mode of ground water storage within the saprolite is between the
intergranular pore spaces, while storage within the bedrock occurs largely
within the fracture system. Ground water recharge to the saprolite and bedrock
is generally accomplished by infiltration from precipitation, with sutplus
conditions beginning in the autumn and continuing through winter. Discharge
of stored water occurs primarily as baseflow into surface water bodies.
Movement of stored ground warer varies considerably with rock type and the
degree of weathering, Common hydraulic conductivity values for saprolite
range from less than one (1) to several feet per day; values for fractured rock

vary gresatly.

1.2.6 Ground Water Usage

Properties surrounding the ALCATEL facility are provided water via public
water supply. There are no known active supply wells in the vicinity of the
ALCATEL tacility. Conversations with representatives of the Wake County

Health Department indicate no permits have been issued for the installation of

15



13

water supply wells in the area surrounding the ALCATEL facility for at least

the past nine years.

A review of North Carolina Groundwater Classification and Standards (15A
NCAC 2L) indicates that, except on a case by case basis, all ground water in
the state is classified as either GA or GSA. both of which are suitable for
sources 0f potable water supplies. Water classtfication i8 based initially on the
concentration of naturally occurring chloride. It is assumed that ground water
in the region is largely GA. (RCRA Faciliry Investigation for AOC #1 and #2
Waork Plan, October 1994.)

Local Environmental Setting

1.3.1 Topography and Hydrology

The area immediately surrounding the ALCATEL facility is characterized by
maoderate 1o steep siopes. To the North, East, and South of the facility, the
naturaj grade slopes moderately toward the South and Southwest. To the West
of the faciiity, the natural grade steepens and slopes toward the East, The
topography of the site and surrounding properties has been extensively modified

by construction and landscape activities.

An unnamed gaining perennial stream traverses the western portion of the
facility. The stream apparently begins approximately 4,000 feet upgradient of
the facility and discharges approximately 2,500 feet down gradient into Crabtree
Cresk. The baseflow of the unnamed stream is likely attributed to shallow
ground water discharge. Discharge from storm sewers and runoff from parking
areas, as well as natural overland tlow during precipitation events, also
contribute to the flow. The direction of water flow in the unnamed stream 1s
£Cuw;1rds the South. At its contluence with Crabiree Creek, the streamnflow
changes to the Southeast.

(RCRA Fucility Investigation for AOC #1 and #2 Work Plan.)
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1.3.2 Geology and Hydrogeology

The overall system effectiveness is controlled by site specific subsurface
conditions. The site specific geology was more clearly understood following
installation of the ten recovery wefls, twelve containment recovery wells and
eight injection wells. In addition, the recently completed horizontal and vertical
investigation included the installation of five additional monitoring wells. The
Well Completion Form (GW-1) for each well, well construction details for the
previously installed monitoring wells, and selected boring logs are included in

Appendix B,

Two hydrolithic zones, characterized by distinctly different hydraulic
parameters, have been tdentified at the site and are coincident with the
unconsoldated and bedrock geology. It is important to note that although each
zone is wel} defined, no substantial difference in ground water elevations exists
between the Type [ and Type TII wells. Consequently, the ground water

svstem Is considered a single aguifer.

The unconsolidated zone consists of saprolite and Quaternary alluvium. The
saprolite represents a residuum of a granitic protolith with thicknesses varying
from 3.5 to greater than 20 feet. The top of the unconsolidated unit consists of
a highly weathered saprolite typified by tan to brown, micaceous, silty clay
clayey sand and stity fine sand (CL to SC/SM). The particle sizes increase with
depth and proximity to the weathered bedrock surface. The weathered
saprolite/weathered bedrock interface is defined by a change in color from light
brown to gray and a dramatic increase in gravel sized particles (SM/GM and
SCrGC) with the occurrence of gravel and cobble sized fragments. The
partiglly weathered bedrock exhibits structural texture and foliation similar 0

that of the parent material but not as apparent.
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The Quaternary alluvial deposits typified by peorly sorted sediments ranging in
particle sizes from clay to cobble (CL to GW) and varying in thickness from 20
to 45 feet. A gravel deposit consisting of gravel and cobble sized particles with
little or no fines (GP to GW) and approximately four feet in thickness was
recently mapped South of Six Forks Road. This unit is underlying the finer
grained alluvium and wag encountered at approximately 23 feel below ground
service (bgs). These larger, rounded particles are comprised of igneous and
metamorphic mineral assemblages typical of the local country rock. The origin

of the Alluvium can be attributed to the Crabtree Creek flood plain,

The bedrock hydrolithic zone consists of the Precambrian-age Raleigh Gneiss
intruded by a more recent felsic to mafic, pegmatoidal granite. The Raleigh
Gneiss 1s a strongly foliated, highly fractured, biotite/hornblend gneiss. Due 1o
the general lack of bedrock outcrops at the study area, the fracture trace
information was obtained from a researcher familiar with the local geology.
Extensive geological mapping in the Raleigh West USGS Quadrangle resulted in
the idennification of a primary lineation set in the area. Mr. D.E. Blake, Ph.D.
of the University of North Carolina at Wilmingtor, under a grant from the
North Carolina Geological Survey has classified this lineation as a primary

foliation set that is oriented N 207 E and dipping near vertical.

The granite, based upon field observations, 18 felsic to mafic and pegmatoidal.
This unit 1s less fractured than the gneiss and structural texture is not apparent.
The gneiss-granite contact occurs near the recovery well array and is oriented
in approximately the same direction as the gneiss foliation. The granite occurs
on the Eastern side of the site and the gneiss cceurs on the Western side of the
site. (RCRA Facility Invesrigarion for AOC #1 and #2 Work Plan, October
1994 3
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2.0 INVESTIGATION OBIJIECTIVES

The purpose of this document is to report the findings of the Phase II RFI work. The work
was required by the Hazardous Waste Section (letter dated February 13, 1998). The work
way conducted following the Phase Il RCRA Facility Investigation Work Plan, dated October

1997. Approval of the work plan was provided in correspondence dated February 13, 1998.

The work plan described the activities necessary to identify and implement additional
assessment tasks not performed during previous investigative activities and to complete the
assessment of impacted soil and ground water. The site specific objectives of the work plan
mceluded the foillowing:

1. Determine the presence or absence of a continued VOC source area and the
extent of contaminated soi] beneath the former solvent storage and former
circuit board manufacturing areas (AQC #1 and AOC #2) in the vicinity of
MW-135 and soil borings #2 and #9 (see RCRA Facility Investigation for AOC
#1 and #2, February 1996, Appendix D),

2. Determine the vertical extent of the contamination through implementation of an
aquifer test in the vicinity of MW-4d and MW-4s;

3. Determine the horizontal extent of the contaminated ground water through
installation of additional monitoring wells in locations down-gradient and East
of the plume, Incorporate existing monitoring wells at off-site facilities located
West and South of ALCATEL into the existing well network; and

4. Determine the background concentration of metals in the soil.

Although not specified in the work plan, additional investigation work was also conducted
following verbal approval by the Hazardous Waste Section. This work is reported in this
document and included the following activities: 1) Determine the presence or absence of
contaminants in the ground water located up-gradient of the suspected source area, and 2)
Investigate the water quality parameters and evaluate the site’s propensity for natural

degradation of chlorinated compounds.

19



3.0 INVESTIGATION RESULTS

The work, outlined in the investigation objectives. was conducted during the period of August
1997, through August 1998, Monitoring weils MW-4dd, MW-13d, and MW-14d were
instalted between August 18 and August 23, 1997, These wells were developed on August 24
and 25. 1997. Following completion of right-of-access agreements, the on-site and off-site
(Pepsiy Geoprobe investigations were conducted on April 6 and 7, 1998, Additional
Geoprobe investigations were conducted at the Pepsi facility on May 3, 1998, The Hazardous

Waste Section agreed with the [ocations of the off-site monitoring welis.

On June 29, 1998, a Type II monitoring well, MW-15s, was installed on the Pepst facility,
This well was developed on June 30, 1998. The accompanying Type III monitoring well,
MW-15d, was constructed on July 13 and 14, 1998. The natural attenuation evaluation was

performed on selected wells on August 13 and 14, 1998.

The boring and Geoprobe logs and Well Construction Forms are attached in Appendix B.
The sample methodologies are presented in Appendix C. The laboratory reports are included

in Appendix D.

3.1  Assessment of VOC Source

The VOC source area has been previously investigated (RCRA Facility Investigation for
AQC #1 and #2, February 1996, Appendix D, “Previous Reports”). The investigation
included the advancement of soil borings and the collection of soll samples within the
vicinity of the suspected source area. These borings are identified by the prefixes SB,

SBR, and GW (Figure 3).
The investigation of the source area was continued for this work. Two Type III
monitoring wells, MW-13d and MW-14d, were installed. In addition, a Geoprobe

boring, GP-2, was also advanced. The locations of the soil borings were limited by
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the adjacent buildings and underground urilities (main water line and numerous power
lines). A main power transformer is located within a few teet of the area of interest.
Soil samples were field screened and samples were collected for laboratory analysis.
The unconsolidated fill and saprolite overlies bedrock and ranges in thickness from 10

to 15 feet.

The locations of the these soil borings as well as the historical boring locations are
depicted in Figure 3. A summary of the field screening and laboratory results are

presented in Table 1.

Geoprobe (GP-2)

Evidence of the reported TCA release 1s documented through laboratory analyses of
soil samples from historical borings SB-2 and SB-9. Contamination was identified
betweern 2.5 and 6 feet bgs. The Geoprobe boring GP-2 (Figure 3), was located
between SB-2 and SB-9. The laboratory analyses of samples collected at 13 1o 15 feet

bgs, at ot near the bedrock surface, indicated that no VOCs were present,

-1
Field screening data was collected during the construction of MW-14d (Figure 3). The
results indicated low readings from five foot intervals to a depth of 15 feet bgs.
However, no observable evidence of contamination was noted. Bedrock was
encountered at 15 feet bgs. MW-14d is located between historical borings SB-1 and

SB-2.
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MW-13d

MW-13d (Figure 3) was constructed within the vicinity of what is suspected as the
source area and atong the primary fracture orientation. Specialized “indoor” drilling
equipment, SIMCOE, was used o advance the borehole. The SIMCOE drill rig was
capable of roller cone drilling and coring. Sotl samples were collected from the
saprolite. The results of the field screening at 10 feet and 25 to0 27 feet bgs did not
indicate the presence of VOQCs. The samples were not submitted for laboratory analysis

hecause the roller bit did not allow a completely discrete soil sample.

The borehole was advanced beyond 27 feet bgs using the equipment’s coring capability
and drillers mud. A significant fracture zone was encountered at 32 feet bgs.
Although the boring was advanced to 35 feet bgs, the fractures and loss of drillers mud

prohibited further drilling.

Both Type I monitoring wells MW-13d and MW-14d were constructed to intercept
the source area and establish the presence or absence of Dense Phase Non-aqueous

liquids.

Soit samples were collected at two intervals, four to five feet bgs and nine to ten feet
bgs, during the construction of MW-13s in May 1995, The laboratory analysis

indicated that no VOC contaminants were present above quantitation limits,

Evidence of a release that extended vertically to the bedrock surface was not
encountered during all soil borings and monitoring well construction. Three borings
were located within Area of Concern #3; MW-14d, GP-2, and §B-1. Soil screening
and laboratory analysis results did not indicate the presence of contamination to extend

to the bedrock surface.
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However, approximately 92 tons of soil had been excavated from within Area of
Concern #3. Although the details of this activity were not well documented, reported

laboratory results from the excavation indicated the presence of VQCs,

3.2 Assessment of Background Ground Water

Three Geoprobe borings were advanced to ground water in locations up-gradient of the
suspected source area during the Geoprobe actitivies in April 1998. The purpose ot
this activity was to idenrity the presence or absence ot background VOCs. The

focations of these borings, GP-3, GP-4, and GP-3, are shown in Figure 4.

Ground water was encountered between 10.9 and 12.0 feet bgs. Probe refusal occurred
between 10.5 and 15.5 feet bgs. Ground water samples were collected from GP-3 and
P-5. The results indicated that no target VOCs were detected above quantitation limits.
However, Methyi-tert-buty! ether (MTBE), Naphthalene, and Toluene wereencountered
in the most up-gradient bormng, GP-5. The concentrations were below NCAC 2L

standards.

ALCATEL conciuded that following this assessment no further up-gradient ground

water investigations for target VOCs should be conducted.

3.3 Assessment of Background Copper and Lead
Historically, soil samiples have been collected to provide data regarding the
concentrations of Copper and Lead in background locations (RCRA Facility

Investigation for AOC #1 and #2, February 1996).

In an effors to determine the background Copper and Lead concentrations discrete
Geoprobe boring or sampling points were collected from up-gradient positions of
AQC#H] and AOC#2.  The sampling was conducted on April 6, and August 8, 1998.
The sarnple locations, GP-1, BK-1, BK-2, and BK-3 are shown in Figure 4.
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The sample at GP-1 was collected at 15 to 17 feet bgs. Two samples were collected at
each background location. The samples are identified by the suffix” a’ or “b” to
identify the sample depth, four and eight feet bgs, respectively. The results of the
laboratory analyses as well as all of the historical laboratory results, are sumrnarized in
Table 2.

To complete the assessment of the metals issue (Copper and Lead) a statistical analysis

was performed.

3.3.1 Statistical Analysis

A statistical analysis was performed with the results of the background and
source area copper and lead soil concentrations. The purpose of the analysis
was 10 determine the significance of the metals concentrations within the source

are:d,

3.3.1.1 Background

Most statistical tests assume that the subject data sets are derived from a
normal distribution. Normally distributed data can be mathematically
described as a bell-shaped curve, Statistical tests of normally distribured
data can include analysis of variance (ANOVA), t-tests, tolerance
intervals, or prediction intervals. If the data cannot be normally
predicted, then other methods of statistical analysis, such as the
nonparametric ANOVA, shouid be conducted. Consequently, the first

logical step is to estabiish the normality of the data sets.

Several methods can be used to determine the normality of any data sets.
These include the Coefficient-of-Variation test (CV), Probability plots,
the Chi-squared test, Coefficient of Skewness, and the Shapiro-Francia

test. The Coefficient of Skewness test is the measure of the degree of
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asymmetry with respect to the sample mean. The coefficient is the
cubed residual divided by the cubed standard deviation. The assumption

of normality is accepted in the coefficient value is less than one.

The Shapiro-Wilk Test of Normality determines a test statistic and
compares the calculated value to a critical tabulared value as provided in
Table A-3 of the USEPA guidance documents. If the test statistic is
greater than the critical value then the assumption of normality should be

accepted.

Another data sel characteristic, used to determine the distributional
nature of the data in order to establish the proper statistica] analysis, is
the homogeneity of variance.  Variance is a measure of the dispersion
of the values in a data set. A test for the equality of variances indicates
the degree to which well variances differ from each other. Methods for
determining equal variances include Box plots, Levene's test, or
Bartleti’s test. The test is conducted by determining the F statistic of a
one-way ANOVA on the data residual means. The assumption of equal
variances is accepted if the calculated F statistic is less that the tabulated
F statistic. Levene’s Test is more powerful than other tests of variance

because it is not sensitive to non-normal data sets.

The appropriate statistical analysis can be selected following the

determination of the distribution characteristics and equality of variance.

The ANOVA procedures compare the sample means of different data
sets to determine whether there are any significant differences among
groups. The parametric ANOVA technique may is used when both of

the following conditions occur: 1) the data is normally distributed, and
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2) the data ser varlances are approximartely equal. The non-parametric
ANQOVA method is applied when the data cannot meet the rwo

parametric conditions.

3.3.1.2 Data Selection
The source area Copper and Lead soil samples were collected between
September 1993, 1o April 1998, Background samples were collected in
the upper parking lot in April and August 1998, The samples were
collected in an area that Triangle is not aware of ever having served any
manufacturing purpose. The Copper data consisted of twenty-two source
area points and seven background points. The Lead data set
incorporated twenty-seven source ared points and seven background

points (‘Table 2).

3.3.1.3 Distributional Characteristics
The normality tests employed here included the Coefficient of Skewness
and theShapiro-Wilk methods. The normality of Copper and Lead was

analyzed using these procedures.

Normality Test Resuits

The Coefficient of Skewness test determines to what degree a data set 18
skewed or asymmetric with respect to the mean. The assumption was
made that all data for Copper and Lead is rejected by the Coefficient of
Skewness test; the skewness coefficient for Copper was 2.12 and for
Lead was 1.96. The Shapiro-Wilk method is applied to further ¢larify

the distributiona] characteristics.

The assumption that all data for Copper and Lead are normal is rejected

by this test. The test statistic (W) for Copper, 0.624, was less than the
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tabulated statistic for normality, 0.96, and the test statistic for Lead,

0.707, was also less thar the tabulated statistic, 0.933.

The following interim conclusion based upon the results of both the

Coetficient of Skewness and Shapiro-Wilk tests, can be established;

a) The occurrence of both Copper and Lead are not normally

distributed.

3.3.1.4 Homogeneity of Variance
Equality of variance is the second criteria that must be met to perform
the parametric ANOVA analysis. The test for equality of variances was

performed using Levene’s Test for Homogeneity of Variance.

Because of high occurrence of non-detects of Lead in the source area
data set, 62 percent the guidance documents recommend the analysis
using the non-parametric ANOVA rather than the parameiric ANOVA,
Consequently, the homogeneity of variance was only conducted on the

Copper data set.

Variance Test Results
The test statistic (F) was calculated as 7.64 and the tabulated statistic is
4.21. As a resuit, the test results indicate that the assumption of equal

variances can be rejected for the Copper data set.

3.3.1.5 Selection of the Appropriate Statistical Method
The assumption that the occurrence of Copper and Lead is normally
distributed can be rejected based upon the Coefficient of Skewness and

the Shapiro-Wilk test. Levene's test indicated that the assumption of
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equal variances for Copper was rejected. Because of the high occurrence
of non-delects in the Lead data set and because normality and equal
varignce conditions do simulianeously exist within the Copper data set,

the parametric ANOVA analysis cannor be applied to Copper or Lead.

Consequently, the non-parametric ANOVA was selected because the data
set for each target compound exhibits either non-normal distribution or
ineqguality of variance. The Kruskal-Wallis test, a non-parametric
ANOVA method, uses the ranks of the observations and treats all
nondetects as tied vajues. However, the Kruskal-Wallis test is not
amenable to two-group comparisons (background to source area) and

was not selected. The Wilcoxon-Rank Sum maybe employed when a
non-parameltric analysis is required, the non-detects are greater than 15
percent two or more groups are studied, and each group contains at least

four samples.

Wilcoxon-Rank Sum

The rational for this test is that if the ranks of the source area data are
large relative to the background ranks then the hypothesis that the
compliance and background values carne from the same population
should be rejected. A Z score is calculated based upon the test statistic
(W). The Z score is compared to the Z score under a normal
distribution. If the Z data set score is greater than the tabulated Z score,
then the hypothesis is rejected: indicating that there is significant

evidence of contamination in the source area data set.

The Z scores for Copper and Lead were -0.23 and -2.3, respectively.
The tabulated Z scores at the upper 1 percent of the normal distribution

was 2.326. Consequently, the hypothesis was accepted; there is no
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sigmficant evidence of contamination. The results of the Statistical
Analysis are presented in Table 3 and the calculations are provided in

Appendix E.

3.4 Vertical Extent of Contamination
The vertical extent of the contamination was assessed through the installation, packer
testing and sampling of the deep bedrock, MW-4dd, and the review of historical

bedrock investigations and literature.

3.4.1 Bedrock Investigations

The deep bedrock investigations mgeluded the installation and packer testing of
MW-4dd, and the reevaluation of two previous bedrock investigations at MW-
4d and MW-2dk.

W-4
The well drilling commenced on August 18, 1997, Mud rotary equiprnent was
used to advance a 10-inch boring to 27 feet bgs and within at least two feet of
competent bedrock. The bore hole was vertically extended on August 19, 1997,
using an 8-inch drill bit. The bedrock consisted of alternating fine grained
mafic gneiss and felsic and pegmatoidal granite, No significant fractures were
encountered beyond 53 feet bgs. Upon concurrence with the Hazardous Waste

Section, this portion of the boring was terminated at 85 feet bgs.

A packer test was conducted to isolate the higher yielding water bearing zones
(grearer than 5 gpm) and establish the approximate concentrations of VOCs
through field screening techniques and laboratory analyses of collected water
samples. The packer test utilized the double-packer configuration to completely
1solate the tnterval above 55 feet bgs.  Unfortunately, the tested interval did not

produce a sufficient yield o collect a sample.
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On August 21, 1997, the drilling activities were continued using the four inch
drill bit, At the interval of 97 to 102 feet bgs a fracture was encountered that
produced approximately are (1) gpm. The bedrock in this fracture zone was
characterized by the alternating gneiss and granite and indicative of the contact
zone. A sample was collected from blown water at 102 feet bgs. The sample
was field screened using the portable Gas Chromatograph. The resuits indicated

the presence of DCA and TCA (Appendix C).

Following discussions of alternatives and final guidance from the Hazardous
Waste Section, the following protocol was followed: the boring would be
continued to a maximum of 150 feet bgs if no other fractures were encountered.
However, it another fracture is encountered another packer test would be
conducted. The borehole was then advanced to a depth of 142 bgs. The
bedrock consisted of mafic gneiss from the interval of 102 to 142 feet bgs. No
fractures were encountered. Consequently, and following guidance from the
Hazardous Waste Section, the monitoring well was completed and screened

from 142 to 132 feet bgs.

k Core at -4
In addition to the installation of MW-4dd, other activities have been conducted
to determine the nature of the bedrock aquifer. These activities have included a
bedrock core collected during the construction of MW-4d and a telescoping
boring, MW-2dk, located on the former Keebler property. (RCRA Facility
Investigation for AQC #1 and #2, February 1996.)

A bedrock core was collected during the construction of MW-4d in November
1994 The core, a 37.5 bedrock interval collected from 30 to 67.5 feet bgs,
revealed the nature of the upper portion of the competent bedrock. The bedrock

ar this interval consisted of alternating mafic gneiss and felsic granite. The
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contact is steeply dipping to near vertical as described by the orientation of the
gneissic foliation. Fractures were present at the contacts of the granite and

gneiss and also within each respective formation. The fractures were also near
vertical to steeply dipping. The fractures in the weathered bedrock were more

pronounced while the fractures in the competent bedrock were “paper” thin,

MW-2dk

In October of 1994, Aquaterra attempted to install a telescoping Type I well,
MW-2dk, on the Keebler property. The boring construction log revealed the
following profile; unconsolidated sediments consisting of micaceous fing to
coarse sand (SM) were encountered o a depth of 21 feet bgs, slightly weathered
and highly fractured gneiss from 21 to 28.5 feet bgs, and competent bedrock
{gneiss) from 28.5 feet bgs to 150 feet bgs. The log described few fractures
near the surface of the bedrock and no fractures in competent rock. The boring
grouted at 80 feet bgs for the construction of this well. However, drilling tools
became lodzed in the borehole and the boring was abandoned. The log

indicated that no ground water was encountered berween 80 and 150 feet bgs.

Previous investigations, including these three deep bedrock investigations have
revealed a contact between the Precambrian-aged Raleigh Greiss and the recent
grapite intrusion. Based upon the previous Type I monitoring well borings,

this contact trends Northeast to Southwest. The bedrock surface is encountered

at a range of depths from 20 to 55 feet below ground surface.

3.4,2 Fracture Zones

Based upon the slug and constant rate pumping tests, the sapprolite and
weathered bedrock exhibited hydraulic conductivity and transmissivity within
ranges provided in the literature. Primary and secondary porosity are key

elements in the transmission of ground water in the unconsolidated zone.
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Ground water flow in the competent bedrock, however, is likely controlled by

the characteristics of the fracture systetrt,

Two significant competent bedrock fracture zones have been identified, based
upon their occurrence, in the vicinity of the site: 1) The zone assoclated with
the gneiss-granite contact identified in MW-4d and MW-4dd and 2) A zone
ranging from approximately 60 to 70 feet below ground surface and tentatively
characterized by up to three distinct sub-zones. The sub-zones range in
thickness of three to five feet. The occurrence of fractures from selected

borings/wells are included in Appendix F,

3.4.3 Ground Water Elevation and Sampling

Samples collected from approximately 97 to 102 feet bgs during drilling
indicated the presence of VOCs. Samples collected from MW-4dd in October
1997 and April 1998, also indicated the presence of VOCs, including PCE.
DCE and TCE.

The occurrence of ground water at elevations substantially lower than other
Type lI and Type IT wells (50 to 100 feet), and the presence of the targeted
contaminants in MW-4dd, may indicate a downward gradient from the
unconsolidated and shallow bedrock zone to the deep bedrock zone. Also, the
Type I welis have historically exhibited ground water elevations of one to

three feet less than elevations of their Type II sister wells.

3.5 Horizontal Extent of Contamination

The horizonral extent of the ground water contamination was established by the
expansion of the site characterization through a Geoprobe investigation, the installation
and sampling of additional monitoring wells, and the assimilation of existing off-site

wells.



3.5.1 Geoprobe Investigation

The down-gradient extent of the VOC-contaminated ground water was
investigated using the Geoprobe technology. The investigation was conducted
immediately down-gradient of the historical configuration of the plume and in

the approximarted orientation of the uncensolidated and bedrock plume axis.

This investigation included nine (P-1 through P-9) Geoprobe borings (Figure
4). Borings P-1 through P-6 were advanced on April 4, 1998, Borings P-7
through P-9 were advanced on May 12, 1998. The soil was logged in three of
the borings (P-1 through P-3) by advancing the Macro core soil sampler. The
geology encountered consisted of Altuvium that ranged in classification from a
silty to clayey micaceous sand (SM-SC) 1o ¢lay (CL). Borings GP-4, GP-3, and
GP-6 were advanced to refusal (24 o 27 feet bgs).

Ground water samples were collected from all of the nine borings. Dissolved
oxygen was also measured at each sample location. These measurements and

the lahoratory results are summarized in Table 4 and presented in Appendix D,

The four borings, P-3, P-4, P-8, and P-9, were positioned to intercept a
possible down-gradient extension of the plume. Excepi for P-9, the laboratory
results of ground water samples collected from those locations indicated that all
VOCs were below the quantitation limits. Location P-9 indicated low

concentrations of the target VQCs that were below the State standards.

However, the laboratory results from samples collected at P-1, P-2, P-5 and
P-6, indicated the presence of chlorinated organic compounds or gasoline
constituents. Releases from adjacent retail gasoline business are the likely

sources of the gasoline constituents detected during this investigation.



However, the source of the chlorinated organic compounds has yet to be

determined. Results from P-7 did not indicate the presence of VOCs.

3.5.2 Monitoring Well Installation

One Type Il (MW-13s) and one Type III (MW-15d) ground water monitoring
wells were instailed on the Pepsi-Cola property. These wells were installed to
define the expected terminal edge of the VOC plume. The locations were

based on the laboratory results frorn Geoprobe borings P-3 and P-9.

MW-15¢
Monitoring well MW-155 was installed to a depth of 23 feet bgs and at auger
refusal. The geology consisted of fine grained Alluvium characterized by

micaceous sand silt and clay.

MW-13d

Monitoring well MW-15d was installed as a telescoping, bedrock well to a
depth of 77 feet bgs. A six inch borehole was cut using a mud rotary to a depth
of 60 feet bgs. Following proper casing, the well was completed with air
hatmmer techniques. The geology consisted of Alluvium underlain by bedrock

at a depth of 55 feet bgs,

Both MW-15D and MW-1585 were sampled on August 14, 1998, and analyzed
by Method 6230D. The laboratory results indicated that no method constituents
were detected in MW-1538. However, the following constituents and their
respective concentrations (ppb) were detected tn MW-15d; DCA (1.76), DCE
(73.2), PCE (17), TCA (3.04), and TCE (12.1).
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3.5.3 Off-Site Facilities

A better understanding of the hydraulic characteristics of the aquifer was gained
through the assimilation of existing off-site monitoring wells. Off-site
monitoring wells were identified at facilities that had previously conducted site
investigations. All of these off-site facility investigations appear to have been
conducted with respect to storage tank releases or suspected releases. Facilities
that were incorporated in the data set included those identitied within a 0.25
mile radiug of the site and cross-gradient or down-gradient faciiities between the

site and Crabiree Creek. Those facilities include the following:

Incident # or

Faeility Name and Address Facility TD# Classification

AMOCO Service Station #60092 NCD986204287 Simall Quantity Generator

411 E. §ix Forks Rd.. 12244 Leaking Underground Storage Tank
Ralesgh, NC (Waste Oil/Gasoline)

BP (Han-Dee Hugo #435) 14094 Leaking Underground Storage Tank
2837 Wake Forest Road (#2 Heating Oil/Gasoling)

Raleigh, NC

Pepsi-Cola Bootling of Raleigh 13334 Leaking Underground Storage Tank
2838 Wake Forest Rd. (Gasoline/Dieseld&chlorinatedsolvents)
Raleigh. NC

Sears Roehuck and Co. Underground Storage Tank

819 E, Six Forks Road
Raleigh, NC

E-Mart (former)
B701 Six Forks Road
Raleigh. NC

Al Smith Auto Dealership
2511 Wake Forest Road
Raleiyh, NC

Underground Storage Tank
(Waste Qil)

Leaking Underground Storage Tank
{Petroleum)

The AMOCO Service Station maintains eight monitoring wells and four storage

tank observation wells (B&M, 1997),

All of the wells intercept the water

table. Historically, no chlorinated organic compounds have been detected at

this site.
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The BP facility maintains nine monitoring wells which intercept the first water
bearing zone. Historically, no target chlorinated organic compounds have been

detected at this site.

The Pepsi-Cola facility maintains ten monitoring wells and one recovery well.
All of the wells intercept the first water bearing zone. The targeted chlorinated
organic compounds, TCA, PCE, DCE, and DCA have been detected at iow
concentrations in MW-4, This well is located mumediately adjacent to an

underground oil/water separator.

Information regarding the purpose of the monitoring wells at the Sears and
Roebuck, Al Smith Avto dealership, and the formner K-Mart facility 1s not
readily available, However, moritoring well construction details were provided

through the construction tags placed within the well covers.

3.5.4 Survey

The survey activities included a land survey and coflection of water level and
well construction data.  The land survey included the determination of the
horizontal and verrtical elevations of the top of casing of each well relative to the

ALCATEL datum point. These activities were conducted on July 23, 1993.

The survey included ihe following recently instailed ALCATEL (on and off-

site) wells and the existing off-site wells:

MW-A%d Amoco Service Station (MW-9d);
MW-BP6 Han-Dee Hugos Service Station (MW-6 )
MW-K1 K-mart (former)

MW-AS] Al Smith Automobile Dealership
MW-AS2 Al Smith Automobile Dealership
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MW-AS3 Al Smith Autornobile Dealership
MW-§81 Sears Roebuck and Co

MW-4dd ALCATEL

MW-13s ALCATEL

MW-14d ALCATEL

MW-15s Pepsi

MW-15d Pepsi

Monitoring wells from each off-site facility were surveyed and incorporated into
the existing network of system and monitoring wells. The data collected from
these wells was used to provide a local and more precise ground water

potentiometric surface of the site area.

3.6 Natural Attenuation Evaluation

Recent efforts by the US EPA have been undertaken to evaluate the applicability of
natural attenuation of sites impacted by chlorinated solvents. The work conducted 1n
this investigation was performed to meet those expectations as outlined in the USEPA
directive, Use of Monitored Natural Artenuation ar Superfund, RCRA Corrective Action,
and Underground Storage Tank Sites, November, 1997, This directive defines naniral
attenuation and establishes it as a viable remedial option under favorabie site-specific

conditions.

This evaluation was conducted in accordance with the US EPA document, Draft £PA
Region 4 Suggested Praciices for Evaluation of a Site For Natural Attenuation
(Biological Degradation) of Chlorinated Solvents, November, 1997. This document
outlines the site specific natural attenuation parameters that are necessary to evaluate a

site and a method to quantify those resulis.
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A brief overview of the natural attenuation processes of chlorinated organic compounds

A‘ is provided followed by the results of the site evaluation,

3.6.1 Background

Natural attenuation is defined by the US EPA Office’s of Research and
Development and Solid Waste and Emergency Response as “The
biodegradation, dispersion, dilution, sorption, volatilization, and/or chemical
and biochemical stabilization of contamintants to effectively reduce contaminant
toxicity, mobility, or volume (o levels that are protective of human health and
the ecosystem.” Contaminant fate and transport is on-going through ground
water processes including advection, dilution and dispersion, and has been
demonstrated through modeling efforts. However, the biodegradation of site
contarminants must be demonstrated to occur at rates sufficient to be protective
of human health and the environmnent. Evidence to support biological

degradation of chlorinated aliphatic compounds include:

1} Observed reduction in contamninant concentrations along the flow path down-
gradient from the source contamination. Reduction will occur through

advection, dilution, and dispersion as well as hiodegradation.

2) Documented loss of contamninant mass at the field scale. This can be
established through decreasing parent compound or increasing daughter
compound concentrations, depletion of electron donors or acceptors, and

increased metabolic byproduct compounds,

3) Microbiological laboratory or field data that support the occurrence of

biodegradation and provide rates of biodegradation.
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According to the USEPA directive, the proponent should demonstrate the first
two, or the first and third, lines of evidence. A basic understanding of the fate

of the target compounds provided a basis for the evaluation techniques.

3.6.2 Transformation of the Target Compounds

Confirmation of a historic release of TCA has been documented (RFI, 1996).
Although no evidence of the historical use of PCE in the site’s manufacturing
process has been confirmed, evidence of a release of PCE is provided through
the laboratory results and previous assessment work. Consequently, it is
assumed for the purpose of this report that two parent comnpounds, TCA and

PCE, axist in the subsurface.

The transformarion of these compounds occurs abiotically, through
physical/chemical reactions including hydrolysis and dehydrohalogenation, and
bioticaily through biochemical processes, primarily reductive dehalogenation.
Reductive dehalogenation is the most prevalent process governing
biotransformation of ¢hlorinated solvents and generally preceded by sequential
dechlorination; PCE to TCE 10 DCE to Vinyl Chloride to ethane. Unlike
aerobic processes, the ¢hlorinated compound serves as the electron acceptor; a
hydrogen replaces a chlorine atom. Consequently, a carbon source must also be

present to serve as the energy source.

The hydrolysis reaction is the replacement of a chlorine atom by an hydroxy!
molecule. Dehydrohalogenation involves the elimination of an HCL from an

alkane to form and alkene; TCA to DCE.

During these processes, the parent compounds are transformed to daughter
compounds and by-products. The presence of these compounds and by-products

are important elements in the documentation of line of evidence #2.



3.6.2.1 Daughter Products

Biodegradation of TCA and PCE will occur under anagrobic conditions
primarily through the process of reductive dehalogenation, Abijotic
processes will also degrade these compounds through hydrolysis and

dehydrohalogenation.

Degradation of TCA has been shown to cccur through abiotic and biotic
processes. In addition, it i1s reportedly the only major chiorinated
solvent that can be readily transformed through abiotic processes
(USEPA, 1997). The transformations are simplified and summarized in
Table 5. The primary abiotic degradation products of TCA are DCE
and acetic acid. Biologic degradation products of TCA include trans-

1,2-DCE; DCA; viny! chloride; ethane; and chloroethane.

Degradation of PCE has been shown to primarily occur through biotic
processes under reducing conditions. The transformation products of
PCE include TCE; cis-1,2-DCE; trans-1,2-DCE; 1,2-DCA; ethane;
viny! chloride; ethane; and chloroethane. The primary biodegradation
product of PCE is TCE and, the significant biodegradation product of
TCE is cis-1,2-DCE.

The simplified end products of the degradation of TCA and PCE are

vinyl chioride, ethane, ethane, and chioroethane.
Daughter products of TCA that have been historically observed at the

site include DCE and DCA. Daughter products of PCE have included
TCE and 1,2-DCA.
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3.6.2,2 Indicators of Biodegradation

Water quality parameters that are indicative of the favorable biochemical
degradation of chlorinated aliphatic compounds as well as the by-
products of these microbial processes can be measured. Because
degradation is likely to occur under anaerobic conditions, those
parameters and by-products that reflect those conditions are of

importance,

Oxygen serves as an terminal electron acceptor in the microbial
assimilation of a carbon-baged substrate. Following depletion of
oxygen, the Nitrate, Ferric Iron, Sulfate, and Carbon Dioxide, in that
order, will serve as electron acceptors. The reduction-oxidation
potential (eH) decreases as each of these acceptors is depleted. Optimum
dehalogenation of chlorinated compounds occurs in the Sulfate reducing
to Methanogenesis range (eH of <-100). The optimum temperature is
>20° C and the pH should range between 5 and 9. The target water
quality parameters include dissolved Oxygen, Nitrate, Sulfate, Ferrous

Iron, Methane eH, pH, Temperature, CO,, Alkalinity, and Hydrogen.
By-products from these processes should also be evaluated and

measurad. Under favorabie conditions Sulfare is reduced to Sulfide,

Ferric fron is reduced to Ferrous Iron, and/or methane is produced.
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R et

3.6.3 Natural Aitenuation Screening and Evaluation

On August 13 and 14, 1998 a natural attepuation field screening assessment was
conducted by Triangle. The assessment was performed to establish the
likeliboed of biological degradarion of the parent compounds. The work was
conducted in accordance with the USEPA guidance and directive (USEPA,
1997). A total of eieven monitoring wells were selected for this study including
both Type IT and Type I wells at upgradient, source area, down-gradient, and
side-gradient locations. For the purpose of this evaluation, MW-144d and MW-
135 were selected as the source area wells. The background wells, MW-10s
and MW-7d, were identified based upon their absence of any targeted VOCs.
MW-12s was selected as a side-gradient well. Several down-gradient
monitoring wells were selected at increasing distances from the source areas.
These include MW-4s, MW-4d, MW-9sk, MW -9dk, MW-15s and MW-134.

In addition, a Geoprobe boring, L-1, was advanced near the Crabtree Creek.

3.6.3.1 Investigation

The investigation included the field measurements of Dissolved Oxygen
(D.0.), Temperature, pH, and Reduction-Oxidation potential (eH).
Samples were collected for laboratory analysis for Chloride, Nitrate,
Sulfate, Ferrous Iron, and Methane. In addition, laboratory analysis
from the Geoprobe location L-1 (Figure 5), and the recently installed
down-gradient monitoring wells, MW-13s and MW-154d, included

derection for VOCs.

All instruments were calibrated prior to use. Dissolved Oxygen was
easured prior to well purging and down-hole within the screened
interval using a YSI model 518 D.O. meter. Following well purging,
temperature, pH and eH were measured using a flow-through bottle.

The water was pumped from the well using a double-diaphragm
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pneumatic pump. Temperature was recorded using the temperature
tunction on the D.O. meter. Both pH and eH were measured with a
Harna model 948 Redox meter. Contact with the atmosphere was
limited. A peristaltic pump was used to collect water from Geoprobe

location L-1.

3.6.3.2 Resuits
A summary of the results of the investigation are provided in Table 6
and the laboratory results are included in Appendix D. The VOC

laboratory results of L-1 are provided in Table 4.

Background conditions are provided by the screening results from MW-
7d and MW-10s. The field measurements provide general evidence of
the presence of an aerobic environment, though D.O. levels of greater
than 1 mg/l and Redox potential greater than 100. The laboratory results
of samples collected from the background wells confirm the field
measuremenis. Consequently, these two wells are assumed to represent

the background aquifer conditions.

Dissolved Oxygen concentrations of less than 1 mg/l were observed in
MW-13s and L-1. Accordingly, the lowest redox potential (<50 mv)
and highest chloride concentrations were also measured from these two
locations. The highest Methane concentrations (> 0.1 mg/l) were
observed in MW-9sk, MW-13s, and L-1.

The results were quantified in accordance with the USEPA ranking
systern and evaluation for the natural attenuation of chlorinated solvents
(USEPA, 1997). The system is designed to estimate the likelihood of

the occurrence of biodegradation of parent chiorinated compounds. A
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rank 1s assigned to each field screening parameter, metabolic by-product,
and daughter product. The rark is based upon the field and laboratory
measurements and values. A copy of the ranking system Is attached in

Appendix G.

The two ranking source area monitoring wells, MW-13s and MW-144,
were selected for the evalvation. The results are presented in Table 7.
The results of the L-1 sample and background wells are included for
reference. A score of 9 was established for MW-13s and a score of 2
tor MW-14d. According to the USEPA, a score of less than 5 is
interpreted as inadequarte evidence for biodegradation of chlorinated
orpanics. A score in the range of 6 to 14 is interpreted as limited

evidence for biodegradation of chlorinated organics.

The score for MW-144d is reasonable. Under normal conditions, the
abiotic degradation of TCA would likely result in the daughter
compound, DCE, Tf the aquifer environment is aerobic, as evidenced by
the field and laboratory measurements, then the biotic degradation of
TCA is not likely and its biodegradation daughter products (DCA) would
not be present.  Coincidentally, the only target compounds identified in
MW-14d are TCA and DCE.

The environment for biological degradation is favorable for MW-13s as
based upon the score and coupled with the well’s location relative to the
source area. The presence of DCE is likely the product of abiotic
degradation of TCA. In addition, the presence of DCA may indicate the
product of biotic degradation of TCA. PCE is also present in MW-13s,

The historical presence of TCE may reflect the biotic degradation of
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PCE, and, the historical presence of 1,2-DCA may indicate the

degradation of TCE.

Because the specific locarion of the PCE release (source) has not been
reported nor identified, the concentration relationships of parent to
daughter products may not be accurately defined. Distributions of the

parent and daughter products are presented in the following section.

3.6.3.3 Parent and Daughter Contaminant Distributions

The areal extent of the specific compounds, PCE, TCE, TCA, DCE,
and DCA in the bedrock and unconsolidated aquifers are graphically
presented in Figure 6 through Figure 10, respectively. The plume
configurations represent the April 1998, semi-annual event. MW-15d
and MW-15s were sampled during the August 1958, natural attenuation

evaluation.

Recently an increased PCE c¢oncentration in the bedrock aquifer was
noted in MW-2d. However, the low concentration of PCE historically
noted in MW-2s had precluded this area as a source. The confirmed

release area of TCA is located near MW-144d.

The occurrences of PCE, TCE, TCA, DCE extend Southward and were
detected a low concentrations in MW-15d. The target compound
concentrations (ug/l) in MW-15d were;, PCE (17), TCE (12), TCA (3),
and DCE (73). [t appears that MW-15d, although installed at that
location based upon the absence of targeted contaminants (Geoprobe

investipation), is within the contaminant plumes.



The DCE bedrock distribution is similar to the distribution described by
TCA. TCA was used as a solvent and released in the source area. The
presence of DCE at the site may be the result of the degradation of TCA
because ALCATEL has no record of the use or release of DCE. In
addition, the occurrence of DCA may also be the result of the

degradation of TCA.

ALCATEL has no record of the release of TCE. The first down-gradient
presence of TCE occurs in the bedrock plume at MW-4dd. However,
TCE has historically occurred further up-gradient in MW-13s, MW-3s
and MW-2d. The occurrence of TCE at the site may be the result of the
degradation of PCE.

3.6.3.4 Degradation Rates

The determination of specific degradation rates can provide insight to the
compound fate and transport. The EPA guidance proposes the
comparison of the first order rate with a tracer decay rate. The first
order decay rates include attenuation processes of abiotic and biotic
transformations, dilution, sorption, and volatilization and can be
determined using a one-dimensional, steady-state analytical advection-
dispersion solution such as the Domenico’s Equation. The tracer decay
rate estimation was conducted using a conservative, recalcitrant
compound associated with the target compound. Chloride can be used as
a conservative tracer at chlorinated solvent sites. In this process, the
end-point compound concentration is corrected with the ratio of initial to
endpoint chloride concentrations. Following that correction, the first
order decay according to the first order Kinetic equation can be
calculated. This method normalizes the decay rate such that the effects

of dilution, sorption, and volatilization are excluded. The normalized
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rate should reflect biotic and abiotic processes. A comparison of the
Domenico and the tracer solutions should provide insight to the fate and

transport,

Decay rates for PCE and TCA were determined for both the
uncensolidated and bedrock aquifers. Pre-system data was evaluated.
Bioscreen, Ver., 1.4 was used to calibrate the first order decay rate.
Chloride was used as the conservative tracer decay rate. The resulis are

summarized in Table 8 and presented in Appendix G.

The unconsolidated tracer decay rates for PCE and DCE are
approximately twice the overall decay rates. This may be the result of
the apparent less of contarninant that likely occurs through the vertical

migration to the bedrock zone,

The overall and tracer bedrock rates of PCE and DCE are similar; 0.69
to 1.20/year. The PCE and DCE decay rates are similar to published
tirst order decay rates (Olsen, 1990), However, the bedrock rates of
TCA, 3.47 and 6.9/year, are substantially greater than those of PCE and
DCE. The published abiotic half-life of TCA ranges from & to 9.6
months, The site half-life, however, is 1.2 and 2.4 months for the
bedrock and unconsolidated, respectively. The occurrence of
degradation processes other than hydrolysis or dehydrohalogenation may
explain the observed short half-lives. Biotic processes would produce
daughter products such as DCA or vinyl chloride. DCA is present at the
site (Figure 10) and has historically been observed in both bedrock and

unconsolidated wells.
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It may be difficult to accurately measure the tracer decay rate for each
specific contaminant because each compound may be coniributing
Chloride to the ground water system at different rates. In addition, some
loss of Chloride and contaminant mass may occur through vertical

migration.

3.6.3.5 Former Solid Waste Disposal Site

A former City of Raleigh municipal landfill is located between Six Forks
Road and Crabtree Creek and Old Wake Forest and the CSX Railroad
right-of-way (Figure 5). The landfill was identified through
documentation from the City of Raleigh Solid Waste Section, Inventory
of Solid Waste Disposal Sites {Appendix H). The landfill was identified
on an areal photograph from the NC DOT Office in Raleigh. The
landfill was physicaily observed during field activities at a storm drain
outfall at the Southern most end of Industrial drive. The thickness of the
landfill at this location was measured at 15 feet. The down-gradient
investigation aiso included the advancement of two Geoprobe borings in

this vicinity.

Strong methane odors were noted at approximately six feet bgs during
the advancement of Geoprobe boring, L-1, located at the Southern end
of Industrial Drive. A heavy sheen and strong methane odor was noted
on ground water encountered at approximately 12 feet bgs.
Unforwmmnately, the low yield did not furnish sufficient water to conduct
the natural attenuation field screening nor to collect water sarnples for
laboratory analysis. The boring was cautiously advanced at intervals of
six feer. Despite soil sampling efforts the nature of the material
prohibited solid recovery. Ground water was encountered at

approximately 18 feet bgs. Samples were collected at this depth. The
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laboratory results indicated the presence of two likely biodegradation end
product compounds; cis-1,2-DCE and Vinyl Chloride, The results also
indicated the presence of Chlorobenzene, MTBE, Toluene, 1,2 ,4-
Trimethylbenzene, Vinyl Acetate, and Xylenes. The laboratory results
are included in Appendix D. The field screening results, shown in
Table 6, indicate conditions of an anaerobic environment and likely

suitable for reductive dehalogenation.

Geoprobe boring L-2, located on Creekside Drive near the intersection
of Wake Forest Road, was advanced to a depth of 16 feet bgs.
Continuous soi]l sampiing revealed Alluvium that consisted of a fine-
grained, green to grey, micaceous silty sand (SM) to a depth of 12 feet
bgs. A green to grey silty/sandy clay was encountered from 12 to 16
fewt bes. No evidence of solid waste activities was observed, Ground
water was encountered at approximately 12 feet bgs. No samples were

collected.

The absence of the landfill at location L-2 can be explained. It is likely
that Creekside Drive was constructed above the former landfill service
road (based upon the areal photograph). Consequently, the landfill may

be discontinuous along the roadway.

The estimated areal extent of the landfill was produced from the
evaluation of data collected during this RFI assessment, other
investigations, and information furnished by the City of Raleigh. The

approximate location of the landfill is illustrated in Figure 5.
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3.7  Ground Water Potentiometric Surfaces

The depth to ground water was measured at the off-site monitoring wells during the
survey. The ground water elevations were compiled and summarized in Table 9. The
potentiometric surface maps are presented in Figures 11 and 12 for the unconsolidated
and bedrock aquifers, respectively. It can be observed that the recovery system
provides hydraulic control at and near contaminant plumes and may have some effect
on the local flow. However, it is anticipated that ground water is discharged to the

Crabtree Creek.
In addition, it is observed that, under no decay, the contaminants would be transported

down-gradient and intersect the former landfill. Additional natural attenuation

modeling may predict the fate and transport of the contaminants.
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4.0  CONCLUSIONS

The following conclusions are based upon the findings of the Phase I investigation. In

addition, the conclusions reflect previous investigative work conducted at the subject property.

. Only one chlorinated organic compound., TCA, is known to have been released at the
subject property. Evidence of release(s) of PCE exists although ALCATEL maintains
niether documentation nor knowledge its use. In addition, ALCATEL maintains no
record of the use nor release of other compounds detected including TCE, DCE, and
DCA. The presence of these compounds is likely the result of the degradation of PCE
and TCA.

. No evidence of an existing source area in the subsurface soil/saprolite was observed
during the RFI investigation activities. The source(s) may have been excavated during
initial remedial activities or are inaccessible. DNAPL was neither encountered during

the bedrock investigation nor has been historically observed at the site,

. The target contaminants have migrated verrically and at depth within the bedrock. The
fractured gneiss/granite contact likely served as the method of vertical migration. The
occurrence of the fractures significantly diminishes at depth. The deepest well, MW-

4dd terminates at 142 feet bgs. Target compounds have been identified in this well.

. The target contaminants have migrated horizontally and down-gradient within the

bedrock and across Six Forks Road. The presence of the target contaminants in the
bedrock has been confirmed through laboratory results of ground water collected at
MW-15d. However, the absence of the target compounds in MW-135s indicate the

terminus of the shallow contamninant plumes.
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The Geoprobe investigation conducted down-gradient of MW-15s and MW-15d
revealed other contaminants including gasoline constituents and chiorinated compounds.
Additional down-gradient monitoring wells would Inevitably intersect these unrelated
releases including the leachate from the former solid waste disposal site.

Consequently, further investigation was not pursued.

It is believed that the unconsolidated and bedrock aquifers discharge to the Crabtree
Creek. Consequently, Crabtree Creek may be the terminal receptor for recalcitrant
contaminants and associated metabolic by-products and daughter products released at

up-gradient locations.

Conditions for reductive dehalogenation of chlorinated solvents likely exist in the
subsurface at the former solid waste disposal site. The conditions are characterized by

low D.O., negative eH and the presence of vinyle chloride.

The statistical analysis of variance of the comparison of the source area to background
Copper and Lead soll concentrations indicated that there is no significant evidence of

contamination in the source area,
No chlorinated organic compounds were detected in ground water at borings located
up-gradient of the source area. However, some gasoline constituents were detected at

concentrations below State standards.

Two lines of evidence for the oceurrence of natural attenuation, in accordance with the

USEPA guidance, are presented.

1) The reduction of target contaminant concentrations along the flow path

down-gradient from the source contamination is established.
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2} Documented loss of contaminant mass at the field scale. This is
established through decreasing parent compounds TCA and PCE; the depletion
of oxygen and the low redox potential; and increased metabolic byproduct,
chloride. In addition, the presence of daughter compounds have been
documented. The presence of TCE as a daughter product is indicative of the
biodegradarion of PCE and the historical presence of 1,2-DCA is indicative of
the biodegradation of TCE. The presence of 1,1-DCE is indicative of the
abiotic degradation of TCA and the presence of DCA is indicative of the biotic

degradation of TCA.
In addition to the two lines of evidence, the source area was ranked according to

the USEPA guidance. The results indicated limited evidence of biodegradarion

of chlorinated organic compounds.
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5.0 RECOMMENDATIONS

The following recommendations are based upon all investigative work comipleted to date.

. Further characterization of the vertical and horizontal extent of the contamination may
not be necessary because the anticipated final receptor of the contaminant plumes is the
Crabtree Creek. In additon, further characterization may not provide information that
would assist in the selection of the best available technology for the remediation of
chloripated organic compounds in the bedrock aquifer. No human exposure pathway

eXISts.

. ALCATEL should proceed with a Corrective Measures Study as outlined in the USEPA
Directive 9902.3-2A, “RCRA Corrective Action Plan.”

. ‘The background Lead and Copper in ground water should be contrasted with that in the
m source area and the down gradient monitoring wells using statistical procedures. The
purpose is to determine the necessity of the current permit requiremnents for Lead and

Copper analyses at each and every well.
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Field Screening and Lahoratery Results of Seil Samples Collected at Source Area

Tabhle 1

ALCATEL Netwerk Systems, Inc.
Raleigh, North Carolina

Sample

Identificalion -

ovA

Labaratery Results
CLLITCA T

SBR-2 SI26M95 1-2 <2 bgl bat bk byl bl bl byl byl 1.7 (e
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" 5264935 §a 2 na s A na B . ni 1L L byl
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Table 1
Field Screening and Laboratory Results of Soil Samples Collected at Sowrce Area
ALCATEL Network Systems, Inc.
Raleigh, Nerth Carolina
gk
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SB-10 ) 8.5 na i bql 8 Bl L] bl bhat 1% ;
GW-125 k193 0-10 na c-byl c-bqgl c-bgl c-hgt c-bgl c-byyl c-bai c-byl 442 c-3.4
GW-13s 911493 G-10 na bl c-bgl c-bagk c-hgt c-bgt c-hal c-bql c-bql c-d4.5 c-5.1
GW-14s R (-10 0= byl byl c-begl c-bgl c-bgt £-bd c-ixgl c-bal 24 c-18.7
GW-145,11 911,93 tl (=1 bl bal bl 350 gl gl bl asg 1.4 6.3
GW-155 o3 G- 100 na ¢-byl c-byl c-bat c-bgl ¢-byl c-byl c-bal c-bql c-2.% c4.2




Field Screening and Laberatory Resulis of Soil Samples Collected at Source Area

Table 1

ALCATEI Network Systems, Inc.
Raleigh, Morth Carolina

Sample Sample | . Laboratory Resubts - e
Menfification " Date ° L1DCA . LLITCA ~ . TCE.  '13,27ICA . VOCtefal = Copper . Lead
S e i fueKey c ColupKe) o opKEE S (ipKed o (mpiKe)  (mplKp)
bR 1 BINIOT ¢35 2z ns ns ns ns ns ng ng ns ns ns 4
' BT 5-10 5 s ns ns ns ns ni ns ns ns ny 1
" L7 10-15 3 ns ns s ns s fis ns ns s mns
BW-134 811497 id 1] % e ns ns s ns ns %3 s ns
" BI407 15-27 1] ns ns ns n§ ns ns ns ns ns Rs
MW-13s 526095 4-3 2 gl byl byl bl byl | byl b 1.5 Bal N
’ SF26M5 010 2 gl bl byl bl bgl bl kgl bt 0.49 bal
GP-2 416/95 13-13 m bl bal gl byl byl ] byl bql 2.56 byl

¢ - bgl “indicates ehat the infervals were composited
SBE - method 501 and 602 for VOCs

SB - method 3260 for YOCs and 6010 for metals
GW - method 601 and &F2 for VOOs and RCRA metals
GP - method 8260 for YOCs amd 5010 for metals

byl - indicates below quatitateen limit

ns - indicates noi sampled

na - indicates not analyzed



- 7 Tapbez
Copper and Lead Concentrations from Source and Background Areas
ALCATEL Network Systems, Inc.
Raleigh, North Carolina
- Sample .| Sample -
Identification’ | Date = '}

B | - Source Area’ : 5
5BR-1 3IG/I95 12 2.7 byl

" /95 5-6 na byl

3126/95 [0-11 0.72 bai

4BER-2 26/95 1-2 1.7 hql
SBR-3 FA6/95 1.2 1.& oql

! 3/26/93 5-6 rd bgl

512695 10-1] 1.3 byt

SUR-4 33795 1-2 161 hql

! 327195 56 i byl

5/2TH5 0.10 1.6 bgi

SBR-3 BI27/95 1-2 e-16 byl

" AT 4-3 o-16 bl

4BR-5 6/27/95 1-2 ¢-16 hql

. 8/27/95 4-3 16 by

SBR-7 /27105 1-2 c-13 bl

" 6/27/95 4.5 c-13 bql

SBR-§ 6/27/95 1-2 50 bt

" 8/27/95 4-5 74 2.5

N Hi2T195 210 fa bgi

SBR-9 62803 1-2 16 byl

" HI2BA5 4-3 na byl

" 628195 9-10 bl bql




Table 2
Copper and Lead Concentrations from Source and Background Areas
ALCATEL Network Systems, Inc.
Raleigh, North Carolina
Sample
Sample Sample Depth Lead
Identification | Date (feet bgs) (mg/Kg)
o ' Source Area
GW-11s 9711/93 0-10 c-dd,2 c-5.4
GW.135 971 1/93 0-10 c-4.5 ¢-5.1
GW-1ds 971193 0-18 c-21.4 c-10.7
GW-14s.11 S11/93 11 1.4 3
(GW-15s 911/93 0-10 c-2.8 ¢-4.1
MW.-134 5/26/95 4-5 1.5 bql
" 326/95 9-10 0.49 byl
GP-2 4/6/98 13-13 byl
Background Area -
GGP-1 4/6/98 17 373 2.40
BK«la #/13/98 4 7.50 6,30
BK-1h 8/13/98 3 2.80 5.60
BK-2a B/13/44 4 4.90 6.00
BE-2h 8/13/98 3 2,80 T7.00
BK-3a 8/13/98 4 3.70 17.00
BK-3b 8/13/98 8 2.30 4.00
—--—l_"'_'_"'_"—- e e — ——— r— —— —

e - bl indicates that the intervels were composited
IBR - method 601 and 602 for VOCs

GW . methad 601 and 602 for VOCs and RCRA merals
GP - method 8260 for VOCs and 6010 for merals

byl - indicates below quatitation limit

ng - indicates not sampled

mi - indicates not analyzed



Table 3
Results of Statistical Analysis of Background and
Source Area Copper and Lead Concentrations
ALCATEL Network Systems, Inc.
Raleigh, North Carolina

Copper Lead
NORMALITY .
Skewness Coefficient = 2.116 1.963
2.166>1 1.963>1
not normally distributed not normaily distributed
Shapiro-Wilk Test of Normality
data set W = 0.624 0.708
Table A-2 05,29 = 0.926 W.05,34 =.933
0.624 <0.926 0.708 < (.933
not normally distributed not normally distributed

LEVENE'S TEST OF HOMOGENEITY

data set t-ratio= 7.640
from table f= 4.210
T.64>4.21

assumption of equal variances rejected
WILCOXON RANK-SUM TEST FOR TWO GROUPS

data set L= -0.23 -2.3
from table Z.01= 2.326
-0,23<2.326 -2.3<2.326

no significant evidence of contamination at 1% signhificance level




Table 4

Resalts of Off-site Geoprobe Investigation

ALCATEL Network Systems, Inc.
Raleigh, North Carolina

Labaratory Tesults

- Dissplved , | Chloro-| cis-1,21 Vinyl Trimethyl-
Sample I_l'atftl :',Oxyg{:q 1,_1,1-T{_:_A 1,1-DCE[ 1,2-DCE| TCE | PCE hEH?&]]_&l ]}CE hlorid | Tolzene heg_;_z__cne VXxIenes MTBE Naphthai_ene
| Yanification, Sompled - gmgf | gl | () | ()| wg] ) g | o) | () | 06D | o). | (eu) | oD | g -
P-1 /7198 4.5 bl b byl bgl  bgl byl bl Dl 0.4 0.5 b! bl Dy
P-2 411/08 3.8 51 1,500 byl 52 110 bt hgl bqt byl byl byl ]| bal
i B3 417798 6.2 Byl by! Bt bgl byl bql bql Bl byl byl bgl bg! hyl
ﬂ P4 4f7/98 1.2 byl byl bgl bgl  bql bgi bal bl 1 bgl bgt 1 0.6
-5 417798 4.9 byl 0.0 ! 13 2 Byl bql b byl bgl byl byl gl
P-5 447198 3.0 byl 2 byl 4 1 bgl bgl gl bgl bgl bef byl byl
P-7 5412198 na bl hql bgl bBgl byl bl bat bl Dyl byl bl byl bal i
| P-8 5/12/98 na bql 3 bal 2 byl byl byl bol .8 bai bgl bal bl
F P9 5/12/98 na bat bgl byl bgl  bql bgl bql byl bgl bgl bl bgl bt
L-1 8/13/98 0.9 bal bql bql bgl  bdgl 1.3 1.2¢ 634 1.43 0.54 1.9 14 hgl

VOC's by Method 62100
0.0 - figld measurement




Table 4 ]|
Results of Off-site Geoprobe Investigation
ALCATEL Network Systems, Inc.
Raleigh, North Carelina
Laboratory Resulés
Dissolved Chloro-] cis-1,2 | Vimyl Trimethyl- i
Sample "~ Date Oxygen |1,LI-TCA[LLI-DCE {,2-DCE] TCE | PCE |benzene| DCE { korid | Toluene| benzene | Xylenes | MTBE | Naphihalene
Identification Sampled (mgfi] {u"gﬁ]' 1 (ugdl {ugfI] (og/l}| (ugily] {ug/M | (wg/BH i (ug/ 1 {ugf) {ug/l {ngily (ug!l (ug/l)
P-1 47198 4.3 bql b bql bgt Dbyl byl bql byl 0.6 0.5 byl bl byl '
p-2 417198 3.8 51 {,500 byl 52 20 bql byl byl byl bl B! Dl by
p3 417408 6.2 byt hql bl bgl bl bl bl bt bq! Byl byl byt byl
P-4 47198 [ bgl bt bl bgl  bql kgl bql bqgl { bgl byl 1 %6
P-5 /7198 4.9 byl 0.6 1 13 P byl byl bql byl byt gl Byl byl
P-6 447198 5.0 byl 2 byl 4 1 byl byl byl byl byl bql byl Byl |
P-7 512198 na byl bal bqt bgl byl bt byl byl bal byl bgl bgl byl
P-8 SA2M98 na bl 3 bgl 2 byl bgl byl bal 0.8 bgl bal bal byl
P9 5/12/98 na byl bai bgl  bgl bql  bgl byl bgl byl bql by bal byl
L-1 8/13/98 09 bol bel bgl byl by 13 L27 636 143 0.54 1.93 1.4 byt

YOUC's by Method 62100
0. - field measurement



m Table 3
Sumary of Daughter Products and Half-Lives
ALCATEL Network Systems, Inc.
Raleigh, North Carolina
Contponnd L Process - R Produict = e
—————————————————————
Abiotic hydrolysis or 1,1-DCE, t1,2-DCE 0.7t0 0.8
1,1,1 TCA dehydrohalogenation acetic acid 0.5
Biotic Sulfate reduction 1L,I-DCA 0.005 to 17
Methanogenesis €02 and C)-
Abiotic hydrolysisor ~ «eme- 0.73
dehydrohalogenation -
PCE Biotic Sulfate reduction TCE 0.63
Methanogenesis ethene
- DAUGHIER PRODUCTS |
P Abiotic hydrolysis or - 0.89
dehydrobalogevation = -——-
TCE Biotic Suifate reduction or  ¢1,2-DCE, t1,2-DCE 0.11 to 0.63
Methanogenesis 1,2-DCA
ethane
Abiotic hydrolysis or - 1
1,1-DCE dehydrohalogenation =
Biotic Sulfate reduction viny! chloride 0.22 to 0.47
Methanogenesis ethene
cis1,2-DCE Biotic Sulfate reduction S—
Methanogenesis vinyl chloride 0.24 t0 0.93
transl,2-DCE Biotic Sulfate reduction -——
Methanogenesis vinyl chloride 0.24 to0 0.93
1,1-DCA Biotic Sulfate reduction e
Methanogenesis chloroethane >0.16
vinyl chloride Abiotic hydrolosis ~ —--e- <10
Sulfate reduction
Biotic Methanogenesis CO2 and Cl- >0.16

5. (compilation tfrom Smith and Dragun, 1884 and Olsen and Davis, 1990)




Table 6
Natural Attenuation Screening Resalis
ALCATEL Netweork Systems, Inc.
Raleigh, North Carplina

" Laboratory Results (mgfl) .-

- Field Screening Results -

. Sainpl

> g/ | Temp €] . pH.

bYW -4d B/14/98 2 22 6.36 250 35.82 0.68 50.9 bal 0.647
MW -ds B/ 1408 7.4 24 6.82 220 32.67 1.25 35.59 0.12 0,654
M W-7d 3/14/98 1.8 24 8.7l 228 5438 .59 38.58 0.09 0.736
W -Odk 8/14/98 4.2 23 6.34 190 1i1.89 0.52 5,98 byt 3.893
MWW -Osk B 14198 1.2 20 6.15 77 2794 hq! 6.60 .08 *].881
M W-10s 8/14/98 5.3 2! £.10 254 22.67 2.35 13.49 0.08 0.619
MW-125 8/14/98 2.8 2] 5.80 180 471 3.0 26.91 byl 10.514
MW -13s B/13/98 .3 21 57 1.44 80.86 22 493 (.06 4.737
MW -14d 8/14/98 1.8 22 5.42 190 30.41 .16 93.24 bgl 1.359
hW-153 8/14/93 2.9 21 a.11 195 42.72 bal 65.41 byt *2 95
MW-15d 8/14/98 4.2 23 7.02 177 11.92 1.01 36.73 byl 3.007
L-1 B/13798 0.9 23 6.30 -20.5 8781 011 22.42 0.09 43%.519
Field Blank B/14/98 2.5 20 6.00 300 bgi | byl hgl bgt 0.669
Clhiloride FPA Method 325.3, detecsion [imit - 0.5 mp/

Mitrate EPA dethod 3521, detection fimit - 0.F mgA {Micrate samgrles exceeded protocol for helding time ag kaboratory}

Sulfare EFA Method 375.4, detection liemit - 1.6 g/l

Ferrcus Iron 35000, detectton lienit - .05 mg/
Methane Method ARI801, detection Hmit - &7 et where noed #, ali cihers 0.005 vgfl
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Table 7
Natural Attenuation Ranking
ALCATEL Network Systems, Inc.
Raleigh, North Carolina

A ~Source Area Yells . Backeround Wells..
Parameter/indicafor 13s.| Rank | MW-14d | R MW:10s: [ MW-
D.O. (mg/l) 0.3 3 1.8 -3 0.9 5.3 1.8
Temp (C) 21 i 22.00 ] 23 21 24
pH 5.74 0 5.42 0 6.3 6.1 8.71
eH (mv) L.ad 1 190.00 0 -20.5 254 228
Chloride (mg/1) 80.86 2 30.41 2 8781 22.67 3.48
Nitrate (mg/l) 2.2 g 0.16 2 0.11 2.35 0.39
Sulfate (mg/1) 49.3 0 93.24 0 22.42 13.49 38.58
Ferrous Iron (mg/l) 0.0 0 Tl 0 0.09 0.08 0.09
Methane (ug/1) 4.7 4] 1.4 0 0.43 0.619 0.74
PCE -released (mg/) 1.7 0 bdl 0 bdl bdl bdl
TCE (mg/l) bdl 0 bdl 0 bdl bdl bdl
DCE (mg/h) 1.9 0 0.68 0 bdl bdl bdl
1,1,1-TCA - released (mg/l) 0.09 0 9.7 0 bdl bdl bl
1,1-DCA (mg/1) 0.065 2 bdl 0 bl bdl bl
cis-1,2-DCE (mg/1) bdl 0 bdl 0 1.27 bdi bl
vinyl chloride (mg/1) bdl 0 bdl 0 6.36 bdl bdl

score = 9 score = 2

YVOC's from 4/98 sampling event (ALCATEL IMPE, 1998)
Ranking system as proposed by USEPA Region 4 (US EPA 1997)
MW-13s » source area for PCE and 1,1,1-TCA

MW-14d - source area for 1,1,1-TCA

background Chloride for Type I wells - 22.67 (from MW-10s)
background Chloride for Type 1 wells - .48 (from MW-7d)




Comparison of Decay Rate and Tracer Attenunation Raie
ALCATEL Network Systems, Inc,
Raliegh, North Carolina

Table 8

1,1-DCE -1.1 -1.2 3.3
1,1,1-TCA -6.9 -5.47 -3.5 -2.56




[ Table 2
Ground Water Elevations
ALCATEL Network Systems, Inc.
Ralicgh, North Carolina
427198
3.58 22482 |
6.99 218.60
10.07 21574
14.07 214.48
11.91 216.57
14.00 212,71
13,40 211.80
54.63 171.90
5,63 222.77
2.66 226,50
2,85 226.42
5.19 224,16
2.99 226.35
11.72 231.45
17.40 235.31
11.41 218.22
16.77 210.28
11.45 218.03
11,15 218.27
7,68 219.72
8.72 201,73
11.62 199,20
18.29 204.07
dry dry
dry dry
17.87 208.03
9.11 206.17
16,48 200,58
17.17 109,78
15,18 205.67
12,17 211.63
17,97 202,64
18.65 202.85
19.19 201,99
20.58 200,27
22,67 198.31
21.53 198.76
20.57 198.61
34.30 183.487
15.35 200.00




Table 9

Ground Water Elevations
ALCATEL, Network Systems, Ing.
Raliecgh, North Carolina

c(feet)io i (feet)
8.784/27/98m 06
10.40 201.70
0,15 203.29
11.98 198.66
13.91 109,96
15.62 19915
17.27 108,63
18.66 197.95
15.40 201.38
15.58 201.39
15.15 201.97
| a1 169,94
[ 1.42 222.45
4,62 22418
0.83 223.67
nm nm
.00 228,568
nm LT
1.04 224.07

200 22385 |
12.00 200.50
8.94 199.45
Q.58 19598
9.53 195.77
10.38 194,80
15.98 191.54
S NIWRE! 240.61 20,92 219.69

* alevatations measured on 7/23/1998




APPENDIX A -
LOCATION OF AREAS OF CONCERN
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APPENDIX B
WELL COMPLETION FORM (GW-1) AND SELECTED BORING LOGS



Nerh Caraling - Department of Environment, Health, and Natura!l Sesourees
Divisian of Envirenmental Management - Graundwater Section
F.QO. Box 25535 - Raleigh, N.C. 27628-0535
Phone (318) 733-3221

M WELL CONSTRUCTION RECORD .
DRILLING CONTRACTOR: _American Fnv. Drilling Header Ent. o cwigar
STATE WELL CONSTRUCTION
DRILLER REGISTRATION NUMBER: 1434 PERMIT NUMBER: w154
1. WELL LOCATICN: (Show sketeh of the location below)
Nezrast Town: Raleigh County: Walke
Waks Forest Bosd
(Aoad, GCommurity, or Subgivision and Lot Na.} DERTH DARILLING [OG
2, QWNER PEPSI Cala Bottl lﬂﬁ of Raleﬂh From Ta Farmaten Deszriptien
ADCRESS_ 2838 Wake Forest Road 0 - 23 1lugvivm (Fing sand 3
(Street or Route Na.) 9 5= 1 i ( 1 & ribles
Raleigh, N.C. 27609 57 _ a7 T , }
City ar Tawn Siate Zim Code 47 = 53 alluvii (Fire _
3. DATEDRILLED 7/14/98 USEOF WELL _MJ T o SR =
4. TQTAL DEPTH _ 77 _£t. -
5. CUTTINGS COLLECTER YES[x1 NO[J .
8. DCE3 WELL REPLAGE EXISTING WELL? YES [ | NOT
7. STATIC WATER LEVEL Beiow-Tep of Casing: 12 FT.
(Uza "+-" if Atiove Top of Casing)
8 TCP OF CASING IS Q =T. Above Land Surfaca”
r Caging Tarminated at/or balaw land gurface isillegal unless @ variapco (s iszued
It agoardance with 15A NCAC 2C .0118
9. YIELD (gpmy. L3 _ METHOD OF TEST
*.CM:.,TER ZONES (depth): —n/z
11, CRLORINATION:  Type n/a Amoun! — e If additionai space is neaded usae zack 5f form
12, CASING:
Wall Thickness LOCATION SKETCH
Cepth Diameter o WeighyFt.  Matacizi (Show direction and distares frem at least wo State
From ¢ Ta €0 Ft. & sch. 40 EVC Roads, or other map raference goints)
From To Ft.
From Ta Ft
13. GROUT
Depth Material Methed
From Q _To 32 Fr _grout —slurry
Frem K2 To 62 =3 bentonite
id. SCREEN: SEE BACK
Depth Ciameter Slot Size Material
Frem 52 To 77 Ft 2 in. 010 in. BVC
Frem To Ft. in. in.
From Te Ft. i, i
5. SAND/CRAVEL PACK:
Dapth Size Materigl
Frem _ 62 To .17 Ft. $ilica sand
Frcm To Ft.
8. MARKSE:

I RESESY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 184 NCAC 2C, WELL

o :\i"‘:"{"RUGTiON STANDARDS, AND THAT A COPY OF THIS RECCRD HAS BEEN PROVIDED TO THE WELL OWNER.

SIGNATURE OF CONTHACTOR QR AGENT DATE

Submit ariginal to Divisien of Envirgrimental Management and sopy to well owner.
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Nemi Zarolina - Departrent of Savirenment, Health, and Natural Hessurcos

Division of Envirenmantal Managemeant - Groundwalier Seation
" WELL CONSTRUCTION RECCRD

P.Q. Box 29538 - Rajeigh, N.C, 27626-0535
Phone (91%) 733-3221
DRILLING CONTRACTOR: American Env. Drilling

'i\.&mpr; Bi'is:n =
Basin Code " 22|
Header Ent " "

STATE WELL CONSTRUCTION

MW-132

DRILLER REGISTRATION NUMBER: 1435 FERMIT NUMEER:
1. WELL LOCATION: (Show skatch of the location below)
Neares: Town; _ Baleigh County: — Wake
Wake Forest Road
{Read, Community, or Subdivision and Lat Na_) DEFTH DEILLING LOG
2, OWNER _PEPST Cola Bottling of Raleigh From To Farmation Dascription
ADDRESS._2838 Wake Forest Reoad 0 - 23 alluvium
{Street or Route Ne.) rafusal at 23
Raleigh, N,C. 27609
City or Town State Zip Code
3. DATEDRILLED 6/29/98  USEOF WELL MW
4. TOTAL DEPTH _23_ft.
5. CUTTINGS COLLECTED YES[ Xl NO[ ]
8. COES WELL REPLACE EXISTING WELL? YES [ | NO[X]
7. STATIC WATER LEVEL Belew Top of Casing: 12 FT.

(Use =" if Abave Tep of Casing)

8 TOPOFCASINGIS_ O FT Above Land Suriace”

* Caging Tearminated at/or bajow land surface is illegat uniegs a varianca is is5ued

in aceardancs with 154 NCAC 2¢ .0113

9, YIELD (gpm)._nia..  METHOD OF TEST __n/=
10“753 ZONES (gepth): /&
11, CHLCRINATION: Type n/a Amcunt 'f additional space is needed use back of form
12, CASING: =
Wail Thickress LOCATION SKETCH
Deapth Diameter o WaighrFt, Material (Show direction and distancs from at [east twe State

From To FL. sch. 40 PVC Roads, or other map referance paints)

From Ta (W

From T Ft.
13, GROUT

Depth Material Methad

From 2 _ Te__4 Ft_ bentonite

From __1 _To 2_ Ft __grout slurry
14, SCREEN;

Cepth Diameter Slot Size Matarial

From . S __To .22 Fr_.2  in, Q0. in BVC

From T Ft. in, in. SEE BACK

Frem Ta Ft in, in,
15. SAND/GRAVEL PACK:

Depth Siza Material
Fram _ 4 To_22  py 12-20 fine gilica sand
Frors Ta Ft.

15.§MARKS:
ITC HEESY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 154 NCAC 2C, WELL
CNETAUCTION STANDARDS, AND THAT A GOPY OF THIS RECCQRD HAS BEEN PRCVIDED TQ THE WELL OWNER.

R -

SIGNATURE OF CONTRACTOR CR AGENT DATE

GW-1 BE/. 281 Submit ariginag! to Divisien of Emironmenial Management and capy to wel! awner,
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Sivision of Enviconmental Management - Grduaduater saction
?.0. BoX 29533 - Faleigh, W,5. 27482840533
Phone {614%) 733-3221

WELL, CONSTRUCTION RECORD

o EDE. UE‘E‘ICE USE ONLY.. .
S*.;RI.AL m:z

- MENOT as:l.n
MLING CONTRACTOR. : caglogis Exsloratien. Inc. ‘Basin Code T R
Heade Ent : Gw=1 Eni. -

STATE WELL CONSTRUCTION
DRILLER REGISTRATION NUMBZR: 1175 BERMIT NUMBER:  \y/A

NELL LOCATION: (3how sk=tcn of the Location below)

Nearest Town: RALEIGH County: WAKE

2312 WAKE FOREST ED ‘ DEPTH DRILLLING LOG
(Aocez, Community, OF Subdiviz-on aAmd Lot Na.) From b formavian Deacsiftien
2. UWNER ALCATEL NETWCORK $YSTEMS 2.9° 1.3 SRCNN SANDY CLAY
:\__DDPESS 2912 WAKL FDREST RD .o 30,4 2ACWN SANDY WITH 3cCH TRAGMENTS
(StrEEt ar Routa Nao. } 20.8" 753" TiN SAND 2R}
?\..E,‘:-EIGH NC 27509 25.0" 35,70" TRAY GAANITT
:;:y or T(:an StEEe Zip ﬁde 26,7 Ld42.0r SRAY/WHITE GRANITZ

3. ZATZ DORILLED B8-20-97 U3EZ OF WELL MONITCR
4 T2TAL DEPTH 1420 FECT

5 CTTTINGS COLLECTRD TEE X! NO O} f

6. CCZZ WELL REPLACE EXISTING WELL? ¥ES }_ | MO X
7:  BTATIC WATER LEVEL Below Top of Casing: FT
a.
-

(Ugze "+" if Above T:o ol CasiAg)
ToE OoF CASING I3 0.0 TT Apove tand Jurfscex
Casing Tezminatsc AL/GF below land suzrfaca is illagal umless a
varianog
18 isayved in acoozdanca with 15A NCAac Z¢ 0113
9@;‘:313 (gpm}: N/A METHCD OF TZZT N/A

TLRTIZR OZONES (depth): N/R

Cf add:itiopnda 8pace | nesded w98 back 9f form

1L, TEILCRINATION: Type N/2  3Amcunt N/A
12, CTRITHNG:
Wall Thigkness o
fegzh siamerar o Heizat/F=.  Mageria’ LOCATION OF SXZToY
From B3 Ta 132.0 e, I OTMCE 5CE 40 U
N {Snow diwagtion anmd distance from at least Two Stass

FocT 3.0 T 87.0 =5 W R | L1828 GALTANIZZE  Apads, or othe mer saferance AGLRTS.)

From 1.2 T 6.0 ¥, I7 INCH SCE 40 X
13, zzolTs - —

Demti MBtarial Mazaod Siv forks Rosdl

Frem 0.0 o 74.0 Fe, PORTLAND 2IMTOMITE SLURRY

fran 9.7 To 87,0 Fo. POATLAND SZMTONITE SLURRZ {p
14. ZZRIEN: i I"E + Qoo

Depth Dilamercar 3.gt 3ize Macer-ial C,a't!'e. w"‘ F:’mf’?.

from 132.0 To  l42.9 S, 2.0 i, L3113 in. et

From Ta L., in. in.

raim Fs. in. in.
15 S.“-.):D? ﬂUEL PACH: Sy,

tepoh siag Matarial

Fro= L2009 Te _143.0 FE. 12=20 FINE 3ILICA SAND ¢

Foz= Ta Fr..
16, BIMARRKS: MW-4DD BENTONITE SEAL FROM 74,0 T 130.0 FEET

I D0 HERERY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL

CINSTRUCTION STANDARDS, AND THAT A COPY OF THIE RECORD HAS BEEN PROVIDED TC THE WELL CWNER.

GJ-254F
SIGNATURE OF/CONTRACTOR OR AGENT DETE

GY} REV - 9/ 9 l Sub=if arzgznal oo Divialen ol Invisgnsenta, HanageRent and edpy to well ownes.
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Divi3lia of IZoviconmenCal Management » Gooungdwartaer Sagsion
P.0. Box 2333%F - Rale:‘.gn, a.g, 27825-053%
Phone (31%) 7313-3721

WELL CONSTRUCTION RECORD

DMLING CONTRACTOR : Geolagic Zxsioration, Ine.

- “Basin.,Code .
Header '

EQt

TATE WELL CONSTRUCTION

DRIZLER REGISTRATION NUMBER: 1175

we L, LOCATION:
Nearest Town: RALETGH

(Show sxeteh of the location

PERMIT NUMBER:

2912 WAKE FPOREST RD
(Roac, —ommuility, or Subdivision and Lot No.)
2. CWnNZR ATCATEL NETWORK SYSTEMS

ADDRIES 2912 WAKE FOREST RD
(Strest or Route No.)

SALZIGH NC 27609

T-=v or Town Staces Zlp Code
3. LCAT7Z DRILLED 8-22-97 USEZ CF WLLL MONITOR
4. ToPAL DEPTH 36.0 tEeT
3, ©OTTINGE CQLLECTEDR FEERY NO ot T
8. JGEE WZlL REPLACE EXISTING WRELL? TI5 | NO (X!
7:  STMATIT WATER LEZVEL RBelow Top of Casing: il

{Use "+ LI Above Top 3 Cazing;

8. TC2 27 CASING I3 Q.0 T Above Laad Juriacer
*Casing Tezminated at/or bDelow land surfacs id illagal wmless a
ariafca

18 iszued im agoordance with 1853 NCAC 2C 0118

(gom) : N/A METHCD OF TEST N/3
ZCNES (depti):  N/A

Type N/A amolng  N/3

Hall Thickngazs

glow)
County WAKE

DEFTH DELLLING LG
From o Toroagien Jescrintisn
2.3! 7.0" CONCREIE/EFILL

7.0" 25.0¢ 2ROWH SILTY LAy
25.9¢ 27.0°" GRAY JRCWN SAND
27.9" Je.%7 _GRAY GBRANLITT

757 addicionml spagd L3 Awedad uge bask ar form

LOCATION OF FRETCH

tWg State

S Frrles Lot

Slamezar of WergnnsFe.  Mavm-ial
el U, 7 Ta 25,0 ¥i. 2 oTunE 3T 40 Yo
. . B (Bhow dirsscion arnd discangs from at leass
T 9 Te 30,0 Fu. 5ifd IncH .138 ZzL7ANTZES  Rpads, or oths map refarsnce pointsz.)
Yrom o Ft .
13, GRoTTE T
Depth Manarisl Metacd
Toom i.1 T 27,90 Fo. PORTLAND ITMTOMITE FLUERY
Tyom 7.3 e} 0.9 Fo. PORTELAND ZZANTONITE 3RLARY w
14, oz ==, - UakaDr:gJ Rad
Desth Digmater Sior Size Mguerial
TIum 6.0 To 56.0 Ft 2.9 is. Q18 in. gve
TIim To Ft. L. in,
TIID To Fe ia. im,
15, SANT/GRAVELTEACR: I-ydo
Dangh iz Matzrial g
Fro= _ 33,9 Ty __54.0 rL. 1320 FIHE 31LICA SAND
Froz TR Ft. —
16, RZMARKS: MW=14D BENTONITE $ZAL FROM 27.0Q0 TO 33,0 FEET

T 00 REREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C,

WELL

CCNETROCTION STANDARDS, AND THAT A COPY CF THIS RECORD HAS BEEN PROVIDED TO THE WELL OWNWER.

G279

1]

ﬂl.l EZV.

8/91

SIGNATURE OF CONTRACTOR QR AGENT

Sup=it sriginal me Divislon of Invironmental Masagemant and copy to well owmers.

DATE
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Drundion of Znvironmental Management - Groung@water Section
P.0. Box 29535 - Raieigh, N,o. 27625-0333
fheone (919 Y33- J"2‘

WELL CONSTRUCTION ERECORD

FOR" C}E'E'ICE USE .ONLY
: SERIPJ.. No. o ol

EMJLING CONTRACTOR : geslogic Txvlecation, Inc. L
_GW-L Ent . o

TE WELL CONSTRUCTION
DRILLER REGISTRATION NUMBER: 1175 PERMIT NUMBER:

WELL LOCATION: (Snow sketch of the location below)
Nearaest Town: RALEIGH County: WAXE

TH NG =O0G
2912 WAKE FOREST RD _'-35? uHILmLt:‘ 5
Foom To Tormation FesorigTion

(Boaca, Community, or Subdivizion anc Lot No. )
2. CWNER ALCBTEL NETWCRK SYSTEMS 3.3 EPY SONCATTR/GAAVIL

ADDRESS 2912 WAKE FOREST RD - wed ot 20 SANDEfans
(3tr=et or Routsz No.) L8.9, H A LUARTE
14,5 37.8° ORAMGE TAN ZiNDY FInT
RALEIGH Ne 27609 _ - R
City or Town Stite Zip Code i S AEETE QUMTLOMGCE SWACK GAMIITE
3. SAT= DRILLED -23-97 Uz QF WELL MONITCE
4. TOTAL DEPTH 5 5 tTELT
3. GTITINGS GDLLECTED_ AN X 5ol
6. CLES WELL REPLACE EXISTING WELL? YES 1| NG X!
7: 5TATIC WATER LEVEL Below Top of Zasing: 2.0 =7
iJge "+" 11 Above ':'cl:l af Casiag)
g, TLP QP CASING IS Q.0 TT Abeve Land Suzfacet
*Cazi=s Tarminatme at/or EEIOH‘ Tand aurface i=x illegal unlass a
vRTI A
iz issued in acgordanew with 15A WCac 2¢ .0118
9 CTED (gpm) @ N/A METHOD 97 TZET  N/A
1 HATZE ZONES EC'.Ep th): N/a
A - —— > - I5 agdgighcndl Spacy o3 heeded use Jacy ¥ faca
“l. JRLORINATICN: Type N/3 Amount  N/A
12, ZASING:
Wall Thidkne=za .
Sasth Zizmetar ¢ ¥eigho/Te, Matexial LOCATICN OF SXTTCH
rim _H_G.D T2 2.3 It. T oTANCH ,LER CAAICH 32TTIL
{Show direguion aneg dijgrance fzom ar least two 3tata
Fraom Te o Roads, o7 othe mgp refarencs points.)
From Te e - 2 r:z-
13. GRCOT: P xRk
Cepth Matarial Macneg .
TIom 0.3 To 27,5 13 ?CR'L:;._AND FENTONITE SLL ARV f_.,.{'ﬂ,

1¢, '?é"m : e e Wekeforest RMC/!

Renth 2idmemzar Slot Size MaTasial
Trom Ta .. Fr. - in, in.
Irzm Ta 3+ in. in.
Trom To L. in. in. . L{
15. SAND/GRAVEL FACK: I- L{-D
Cepth Frim Material

From Ta 3
Froa T Fe.

MW=-734

16. REMARKS: BW~1 s/ OZEN HOLE COMPLETION FROM 27.35 FEET TO 35.0 FEET.

I 0O HEREBY CERTIFY TEAT THIS WELL WAS CCNSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
CONSTRUCTION STANDARDS, AND THAT A COPY QF THIS RECORD HAS BEZN PROVIDED TO THE WELL OWNER.

g@ %}V 9-2647
m SIGNATUIREE OF CON CTOR OF AGENT DATE
G, REYV. G/91

SubLmAE eciginak G0 Divislon of Iavifonmeancal Masagement and 2opy 20 well owmer.
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BORING LOG

BORING NO. P=]

OF I

FAGE 1

LOCATION: Pepsi Bottling of Raleigh

DATE COMPLETED: 4/7/08

TOTAL DEPTH (FT.): 11’

GRDWTR., DEPTHimg'

PROJECT Ne.

SCRELN 'TLO'“G'GE'D '
DEPTH: Rohe BY: MEH

01-003~0108

T B SCREEN CHECRED
GROUND ELEV. (MSL): - T/C ELEV (MSL): - INTERE. BY:
DEPTH | ELEV, LITH= | BLW CNT| SAMPLE
| UNIFIED CLASSIFICATION 3l MMENTS
(FEET) | (MSL) A oLoGY'(/FT) NO, [ coMM
Grayv to Tan [
Silty Micaceous 5Sand
SM)
) (5, .
Gray to Tan Alluvium
Silty Micaceous Sand
(SM)
a
' Water Elev. ~§'
Gray Clayey g
Micaceous Sand (5C) I
!
|
Alluvium
12 : . .
Boring Terminated at IZ
EQUIPMENT: GEQPROBL
TRIANGLE
NQTES: S = SCREEN INTERVAL - ENVIRONMENTAL
ALL DEPTHS SHOWN [N FEET. - NG,
. MF _ RALEIGH, N.C,
M3SL — MEAN SEA LEVEL (FT.) TONGTON T N.C.
Form Prepared By KF B CHARLOTTE. N.C,




BORING LOG BORING NO. P-2 PAGE I OF 1
LOCATION:  Pepsi Bottiing of Raleigh DATE COMPLETED: 4/7/94 PROJECT Mo, gi=-003-0109
3 LOGGED
TOTAL DEBTH (FT.): 19’ GROWTR. DEPTH:~1(' J’SEPE,E_T* none 5oy
o — - ECKED
GROUND ELEV. (MSL): = T/C ELEV (MSL):- SCHEEN g s
DEFTH | ELEV. LITH— | BLW CNT| SAMPLE
'F 531 T [ ¢ TS
Silty to Clayey
Micaceous Sand
. (SM~5C)
6 - \
Gray—-Tan Clay (CL)
? — — - - S——
Silty to Clayey
Micaceous Sand
(5M=5C)
G N N Water Elev. ~10°
Gray-Tan Clay (CL) —
Alluvium
18 — e — e
Gray Clay (CL)
15 —
Silty to Clayey
Micaceous Sand
20 (SM=-SC)

Boring Terminated at 20

. — i A

EQUIFMENT: GEOPROBE

NOTES: 31 — SCREEN INTERVAL -
ALL DEPTHS SHOWN [N FEET.
MEL — MEAN SEA LEVEL (FT.)

Form FPrepared By KF

TRIANGLE
ENVIRONMENTAL
NG,

RALEIGH. N.C.
WILMINGTON, N.C.
CHARLOTTE, N.C.




BORING LOG BORING NO. P—3 PAGE | OF f
LOCATION: Fepsi Beltling of Raleigh DATE COMPLETED: 4/7.798 PROJECT No. 01-003=0108
. , SCREEN [OGGED
TOTAL DEPTH (FT.): 19 GRDWTR. DEPTH:i~(5 DEL*-'FH: none BQ?G MUY
CHECKED
GROUND ELEV. (MSL): — T/C ELEV (MSL):~ PGREEN Sosc
DEPTH { ELEV, LITH— | BLW CNT| SAMFLE
UNIFIE ASSIFICATION N
(FEET) | (MSL) FIED CLASSI ' oLogy | (/FT) O Sl COMMENTS
Silly te Clayey
Micaceous Sand
SM=5C
s | ] (SM=SC)
Dark Gray to Brown Alluvi
Clay (CL) J uvium
8 | 1
Gray to Tan

Sandy Clay (CL)

W Water Elev. ~i5'

19 _L

Boring Terminated at 19

EQUIPMENT: GEOPRORE TRIANGLE
NOTES: 5i — SCREEN INTERVAL - ENVIRONMENTAL
ALL DEPTHS SHOWN IN FEET, = INC.

RALEIGH, N.C.
WILMINGTCN, N.C.
CHARLOTTE, N.C.

MSL — MEAN SEA LEVEL (FT.)
Form Pregared By KF




BORING LOG BORING NO, MW-4dd (PAGE I OF 1
LOCATION: Alcatel Network Systems DATE COMPLETED: 8/21/57 PROJECT HNe. 01=003-0108
' SCREEN LOGGED
TOTAL DEPTH (FT.): 148 GRUWTR, DEFTH:I0Q' DEPTH: {88 39{-_ MHE
h— —_— e —— d—'——!\—'——\.r_'—— e T B
53 N . . CHECKED
GROUND ELEV. {MSL): - T/C ELEV (MSL):- REREEN 192 142 v
DEPTH | ELEV. LITH— | BLW CNT| SAMPLE |
F ! COMMENTS
(FEET) IMSLY UNIFIED CLASSIFICATION OLOGY (/FT) N, SJ OMMENTS
T T I I
Sapprolite (SM~5C)
20 L
Partially Weathered
Bedrock
28 et ‘ —
Granite
3r _-—_‘[WW
Gneiss —]
49 -
Granite |
85
Gneiss
2 S |
(ranite .
W Vater Elev. 100
102 1. S =
frranite
1
—
=
142 S e ] -
End of Boring
. MUD ROT
EQUIPMENT: MUD RCTARY _ TRIANGLE
NOTES: 51 — SCREEN INTERVAL - ENVIRONMENTAL
ALL DEPTHMS SHOWN (N FEET, - INC.
MSL — MEAN SEA LEVEL (FT.} = RaElom, NC.
Form Preparsd By KF B CHARLOTTE, N.C.




BORING LOG

BORING NO. MW-14d IPAGEI OF 1

LOCATION: Aleatel Network Systems DATE COMPLETED: 8/20,/97 PROJECT No. 01=003-0108
e . "_" SCREEN ., [ LOGGED
TOTAL DEPTH (FT.): 56 GRDWYR. DEPTH: &' DEL*TH,. 38 BY:  MHH
| TAS -— P - . dY:  MHH
SCREEN __, _ ., CHECKED
GROUND ELEV, (MSL): - T/C ELEV (MSLY:- J'NTRERF 36°-58 oy:
DEPTH | FLEV. I LITH= | BLW CNT! SAMPLE
UNIFIED CLASSIFICATION | MMENTS
(FEET) | (MSL) LASSIFICATIO owoer | 1 Ivo. | COMMENT
Concrete/fill ,
A S S W Water Elev. 8
Sapprolite (SM-SC)
25 L
Fartially Weathered
crme Bedrock
27 4 —
1
Bedrock~Granite ]
)
.
-
End of Boring
1
uQUIPMENT: MUD ROTARY TRIANGLE
NOTES: SI — SCREEN (NTERVAL - ENVIRONMENTAL
ALL DEPTHS SMOWN [N FEET. - INC.
MSL ~ MEAN SEA LEVEL (FT.) - e e
Form Prepared By KF - CHARLOTTE., N.C,




BORING LOG BORING NO. MW-13d |PAGE [ OF !
LOCATION: 4lcatel Nelwork Systems DATE COMPLETED: 8/21/97 PROJECT No. 01-003-0108
! SCREEN "TOGGED
TOTAL DERTH (FT.): 35° GRDWTR. DEPTHi~1{ DEETH: Done ] BY:  MHH
[ " CREEN T TCHECKED
GROUND ELEV. (MSL): ~ T/C ELEV {MSL):—~ ,?WEER_ BY:
DEPTH | ELEY, LITH— | BLW CNT| SAMPLE
- UNIFIED CLASSIFICATION | OMMENTS
(FEETY | (MSLY ED CLASSIFICAT owoay | U/FTY | No, 31 oMM
s ' Concrete,/fill |
y Water Elev, ~ii'
Sapprolite
S5M to GM
27
Competant Bedrock-Cranite
35 —
End Of Boring
|
EQUIPMENT: SIMCOE TRIANGLE
NOTES: $i — SCREEN INTERVAL - ENVIRCNMENTAL
ALL DEPTHS SHOWN [N FEET. - INC,
MSL - MEAN SEA LEVEL (FT.) - e e
Form Frapared By KF B CHARLOTTE, N.C.




BORING LOG BORING NO. MW-16d |PAGE { OF 1
LOCATION: Pepsai Bottling of Raleigh DATE COMPLETED: 3/14/98 PROJECT No. 01-003-0208
T — N ; SCREEN . LOGGED
TOTAL DEPTH {FT.): 77 GRDWTR. DEPTH:~ I2 DERTH: BY.-  NEB
| Ao R, A — SCREEMN , CHECKED
GROUND ELEV. (MSL): = T/C ELEV (MSLY:— NTER. 82-77 e
DEPTH | ELEV LITH= | BLW CNT| SAMPLE
; NIFIED CLASSIFICATION Sl COMMENT
(FEET) | (M3L) v LASSIFIC IOLOGY[(/FT) NO. l ENTS
Lol
. . W Water Elev. ~12’
Alluvium micaceous —
Silty Sand (5M)
23 . e
T Alluvium
GGravel & Cobble Sized
Particles (P
oy L articles (GP)
Alluvium
Micaceous Sity Sand
(SM)
47— ]
Alluvium
Micaceous Sity Clayey
Sandy Silt (SM=-SC)
i5 41— —
1
Bedrock Granite -
—
—1
.
7 S — — —
End of boring with air rotary
EQUIPMENT: mud rotary/air rotary TRIANGLE
NOTES: 51 = SCREEN INTERVAL - ENVIRONMENTAL
ALL DEPTHS SHOWN IN FEET. = NG,
MSL - MEAN 5EA LEVEL (FT)) - T o .
Fortn Prepared By KF CHARLOTTE. N.C.




Refugsal at 23° with auger

BORING LOG BORING NO. MW—-18s [PAGE 1 OF I
LOCATION: Pepsi Bottling of Raleigh DATE COMFLETED: 6,/29/98 PROJECT No. 0{-003=01089
) T ; SLREEN , LOGGED
TOTAL DEPTH (FT.): 237 GROWTR. DEFTH:~]2 DEPTH: 23 5Y:  MHH
SOREEN . CHECRED |
GROUND ELEV, (MSLY): — T/C ELEV (MSL):- mTE%, 5-25 ay:
DEPTH [ ELEV. LITH— | BLW CNT| SAMPLE
NIFIED GLASSIFICATION | OMMENTS
(FEET) | (M5L) UNIFIE SFiGATIO oLoey | (/FT) NO, ® coume
L+ ¥ Water Elev. ~11’
=
r - o —]
Alluvium micaceous -
Silty Sand (5M) s
]
-
-
23 L B —

EQUIPMENT: Auger

NOTES: 51 =~ SCREEN [IMTERVAL -
ALL DERTHS SHOWN IM FELT.

MS{L — MEAN SEA LEVEL {fT.)

r

Farm Prepared By KF

TRIANGLE
ENVIRONMENTAL
INE. RALEIGH. N.C.
WILMINGTON. N.C.
CHARLOTTRE, N.C
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METHODOLOGIES
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This section details the technical requirements and procedures for equipment, equipment
decontamination, sample collection, and sample/data analysis.

A.1 Health and Safety Procedures for Facility Investigation

The Health and Safety Procedures are provided in the RCRA Facility Investigation for
AOC #I and #2 Work Plan, Qctober 1994, Section 4.1 - Health and Safety Procedures
for Facility Investigation.

A.2  Field Instrument Calibration Procedures

All field instruments were calibrated prior to use. The calibration was accormnplished
in accordance with standard manufacturer’s instructions and schedules for the subject
instrument(s) to assure that the equipment is functioning within tolerances established
by the manufacturer. The calibration of the FID and PID, Specific Conductivity
meter, pH meter, and temperature meter is described in detail in the RCRA Facility
Investigation for AQC #1 and #2 Work Plan, Qctober 1994, Section 4.2.1 through
Section 4.2.4.

A.3  Procedures for Documentation of Field Activities

All document control, including the field notebook, sample identification, sample
labels, and custodian forms was performed as described in the RCRA Facility
Investigation for AOC #1 and #2 Work Plan, October 1994, Sections 4.3.1 through
432

3.4  Soil Sampling and Analysis

3.4.1 Soil Sample Collection Procedure
Soil samples for laboratory and field screening analysis were collected using a
stainless steel Geoprobe® soil sampler.

Discrete samples were collected at 2 predetermined depth using the Geoprobe
MacroCore soil sampler, This technigue uses a 2.0-inch O.D. by four-foot
long stainless steel tube sampler. The borehole was advanced to a depth just
above the desired sampling depth. The sampler was retrieved and cleaned, or
replaced with a clean sampler prior to the collection of the sample.

The sampler is hydraulically pushed into the undisturbed soil for collection of
the sample. Samples are collected in transparent "zero-contamination” sleeves.
The top several inches of soil in each sampler shall be discarded to prevent
cross-contamination. Each sample was field-characterized for color, grain
size, odor, etc. This data was entered in the project field notebook.

Samples were collected in the order described in Section 4.7: Order of
Sample Collectiorn. The samples were stored and/or shipped in EPA-



approved containers. The location, depth, sample number and any other
pertinent information were recorded in the field notebook for each sample.
All reagents, containers and preservatives which will be associated with the
laboratory sample were prepared by the analytical laboratory prior to shipping
sample containers to the site. Samples collected for laboratory analysis were
irnmediately be maintained on ice in coolers in preparation for transport to the
analytical [aboratory.

3.4.2 Equipment Decontamination

Equipment used for soil sampling (e.g., hand auger, sampling spoon,
compositing bucket) will be decontaminated upon arrival at the site and
between borings according to the following procedure:

1. Pressure rinse with tap water o remove large particulate matter,

2. Wash with Alconox solution, or equivalent. The interior and
exterior of sampling equipment will be thoroughiy scrubbed to
remove particulate matter and/or surface films,

3. Thorough rinse with tap water to remove soap,

4. Allow to completely air dry,

Drilling equipment (hollow-stem auger, drilling rods, split-spoon sampler,
erc.) and Geoprobe equipment (drive rods, samplers, eic.) will be
decontaminated upon arrival at the site and between borings according to the
following procedure:

1. Pressure rinse with tap water to remove large particulate matter,

2. Pressure wash with hot water (steam cleaning) and Alconox
soap, or equivalent. The interior and exterior of sampling
equipment will be thoroughly scrubbed to remove particulate
matter and/or surface films,

3. Thorough rinse with hot water to remove all wash solution.

3.4.3 Sample Containers, Preservation, and Analytical Parameters

Soil samples will be collected and analyzed in a manner suffictent to



3.5

characterize potential soil contaminants. Constituents of concern are:
Copper, lead, DCA. 2-DCA. DCE, TCA. 2-TCA, TCE. and PCE.

Immediately after collection, each laboratory sample will be placed in a

labeled, laboratory supplied container, maintained on ice (water or CQ,), and
stored in a cooler. Sample containers and volumes will be consistent with the
requirements of the analytical methodology. The samples will be individuaily
packaged in bubble-wrap in order to reduce the possibility of container

breakage.

3.4.4 Analytical Methods

All samples were be analyzed as specified in "Test Methods for Evaluating
Solid Waste, EPA Publication SW-846 (Fourth Edition)." Soil samples were
analyzed for selected VOCs by EPA Method 8260 and selected metals by
Method. (Reference RCRA Facility Investigation for AOC #1 and #2 Work
Flan, October 1994, Section 4.4 .4 - Equipment Decontamination, page 37).

Ground Water Investigation

3.5.1 Monitoring Well Installation Procedures

All wells will be constructed in accordance with NCAC Title 15, Subchapter
2C, "Well Construetion Standards Criteria and Standard Applicable to Water
Supply and Certain Other Wells." Casing sizes and boring diameters may

vary as appropriate.

The Type II wells were installed using mud rotary and hollow stem auger
equipment. Soil cuttings and mud shall be examined and logged by the
supervising field geologist. The wells, constructed of two-inch PVC casing
and manufactured screen, shall be installed within the borehole. The annulus
between the well and the wall of the borehole shall be backfilled with clean

filter sand to a depth equivalent to two feet above the well screen. A two-foot



bentonite seal shall be placed atop the sand pack. The bentonite shail be
allowed to hydrate for a minimum of one hour. The remaining annulus shajl
be backfilled with a neat Portiand cement grout to the surface. The well head
will be completed with a locking cap, concrete pad, and flush-mount, holt-

down cover,

Boreholes for the Type HI wells were advanced using 6.25-inch I1.D. hollow-
stem auger or mud rotary equipment. The boreholes were advanced (o the
bedrock surface. The boreholes were advanced within the bedrock using mud
rotary and air rotary hammer equipment. Cuttings were examined and logged

by the supervising geologist.

A six-inch PVC surface casing shall be installed, anchored into the bedrock,
and grouted in place. Once the grout has cured, a four-inch borehole was
advanced into the bedrock using air rotary techniques, or other Division
approved methods. One borehole into the bedrock will be cored. This core
shall be examined for fractures, degree of weathering, lithology, etc. Once at
the desired depth, a two-inch PVC well shail be installed within the open
borehole. The annufus between the wall of the borehole and the well will be
backfilled with sand to a depth approximately two feet above the top of the
well screen, A bentonite seal, minimum five feet in thickness, shail be placed
atop the filter pack. The bentonite will be allowed to hydrate for 2 minimum
of three hours. The remaining annulus shall be backfilled to the surface with a
neat Portland cement grout. The well head will be completed with a locking

cap, concrete pad, and flush-mount, bolt-down cover.

The drilling tig shall be thoroughly steam cleaned prior to the initiation of
drilling activities. All equipment (split-spoons, tremie pipes, etc.) was
thoroughly decontaminated following the procedure described in Section 4.4.4:
Equipment Decontarnination. This procedure was repeated between

boreholes.



»

The development of the wells was accomplished by manual and mechanical
pumping. All equipment which may come into contact with water in the well
shall be thoroughly decontaminated following the procedute described in
Section 4.5.4. Development continued until the water is reasonably clear.
The volume of purged water, its appearance, and moniioring values were

recorded in the field notebook,

Cutrings produced during drilling were containerized separately in 53-gallon
drums at the discretion of the supervising field geologist. The drums were
labeled appropriately. The drums shall be stored on site pending receipt of
laboratory analytical results for samples collected from the wells. Disposal of
all contained materials shall be in accordance with applicable State and Federal

regulations.  Additional analvses mav be required for waste characterization

profiling.

Water generated during the drilling procedures as well as development and
purge water was transferred to the treatment system influent through two 500

gallon High Density Polyethylene tanks.

(Reference RCRA Fuacility Investigation for AOC #1 and #2 Work Plan,
October 1994, Section 4.5.1 - Monitoring Well Installation Procedures, page
39).

3.5.2 Ground Water Sampling and Analysis

3.5.2.1 Water Level Measurements

Prior to the collection of ground water samples from Geoprobee points,
open boreholes, or wells, and prior to the purging of wells for
sarpling, the depth to static water level was measured and recorded.
Water levels were determined by lowering a measuring device 1o the

water surface, and measuring the total distance between the water



»

surface and the reference point. For borcholes and Geoprobe® points,
the water level measurement were taken after water has been atlowed to
equilibrate in the open borehole, or Geoprobe® point. The water level
measurement will be referenced to the undisturbed ground surface for

these points.

Prior to measuring the water level in weils, the wells will be opened
and allowed to equilibrate for approximately one (1) hour before water
level measurements are taken. The reference points for measurements
in wells will be top of casing (T/C). In each measurement, the total
distance, or depth, will be recorded to the nearest 0.01 foot. For each
well the depth to water value will be subtracted from the top of casing
elevation to determine the water level elevation at the measuring point.
Water level measurements for all wells for a given sampling event will
be obtained within a one (1) hour period to reduce the effects of water

level fluctuation trends.

The portion of the water level measuring device that will enter the well
shall be decontaminated prior to and between each use according to the
procedure documented in Section 4.5.4 . (Reference RCRA Facility
Investigation for AOC #1 and #2 Work Plan, October 1994, Section
4.5.2.2 - Water Level Measurements, page 43).

3.5.2.2 Ground Water Sample Collection from Geoprobe®
Points/Open Boreholes

Water samples collected using Geoprobe method. This incorporated the
use of a two-foot slotted intake sampler. Upon reaching the desired
sampling depth, the sampler was attached and advanced af least 3 feet

below the water table surface. Compressed nitrogen gas was then used



to "purge" the intake portion of the samplers and allow aquifer water to

enter the intake interval,

A 1/4" O.D. (3/16" 1.DD.) flexible Polyethylene tubing was then
inserted into the probe. Two methods of borehole development and
sample collection were employed; 1) The sample tubing 1s in turn
connected to 2" O.D. (1/4" 1.D.) PVC hose aftached to a peristaltic
pump, and 2) a small stainless steel check valve was attached to the end
of the tubing and the samnple was collected by gently thrusting and
withdrawing the tubing within the rods. The rethod selected

depended upon the borehole yield.

Following probe development, a clean laboratory supplied 40 mi VOA
vial is placed on the discharge end of the pump or tubing. A ground
water sample 1§ then drawn into the container in a manner such that
sample agiration and volatilization of organic constituents is minimized.
New tubing was used for each sample location. The sample is then
placed in a previously prepared laboratory container and maintained on

ice pending analysis.

3.5.2.3 Ground Water Sample Collection from Wells

Ground water samples were collected from each monitoring well (both
new and existing) at the site. Prior to sampling, the water levels were
measured according to the procedures described in Sections 4.5.2.2.
The wells will be purged of a2 minimum of three (3) well volumes or
until dry, whichever occurs first. Purging was accomplished by either
manual bailing with a dedicated, disposable PVC bailer or pumping
with a pneumatic pump. New tubing (when pumping) and rope {(when
bailing) are used If a pumnp is used, it will be thoroughly
decontaminated prior to and between uses according to the procedures

documented in Section 4.5.4. The volume of waler in each two-inch




well shall be calculated per the following formula:

V = (length of water column in well) * 0.163 gal/ft.

The volume of water purged from each well and any observations is
recorded in the proper notebook. All purge water is containerized and

transferred to the rrearment system influent tank.

Sampling shall be performed as soon as practical following the purging
or development of the wells. The samples shall be collected using

dedicated, disposable, PVC bailers and dedicated nylon rope.

Samples shall be collected by slowly lowering the bailer in the well to a
depth just beneath the surface of the water in the well. The bailer will
be caretully retrieved and the sample shall be decanted into laboratory-
supplied containers and clean containers for field screening. Once
collected, laboratory samples shall immediately be maintained on ice.
Following collection, each sample shall be field characterized for color,
odor, ete. This data shall be entered in the project field notebook. The
location, sample number, and other pertinent information shall also be
recorded in the field notebook for each sample. Samples for mertals
analysis will not be filtered in the field, therefore, samples will not be

preserved with acid.

The samples shall be stored and/or shipped in laboratory supplied
containers. All reagents, containers and preservatives which will be
associated with the laboratory analysis of samples will be prepared by
the analytical laboratory prior to shipping sample container to the site.
Samples collected for laboratory analysis will immediately be
maintained on ice in coolers in preparation for transport to the
analytical laboratory.(Reference RCRA Facility Investigation for AOC
#1 and #2 Work Plan, October 1994, Section 4.5.2.5 - Ground Water



Sample Collection from Wells, page 44).

4.5.2.6 Packer Test Method

The packer test methodology for the isolation and sample collection of
higher vielding water bearing zones was modified from the Packer
Hydraulic Conductivity Test procedures outlined in the Standard
Handbook for Solid and Hazardous Waste Facility Assessments, Chapter
5 - Environmental Testing and Chapter 6 - Fractured Rock Assessments

(Martin Sara, 1993).

The double packer method using bottom pump placement will be
applied during the construction of the telescoping borehole. The boring
is drilled to the desired depth and 10" PVC casing is grouted in-place
and allowed to set for twenty four hours, The six inch diameter air
hammer hole is advanced to within two feet below the bottom of the
water bearing zone. The drill rods are removed and replaced with the
packer assembly. The assembly consists of two inflatable packers
placed end-to-end connected to a two inch OD steel pipe and a

submersible pump attached 1o the bottom of the pipe.

The packer assembly 1s lowered into the borehole to a depth near the
top of the subject water bearing zone. Water level measurements are
collected to determine the water level in the borehole. The packers are
inflated to isolate the subject zone from other zones. The gas pressure
is monitored and the borehole water level is measured for
approximately 15 minutes. No significant changes in pressure and
stabilization of the water level indicates that an adequate seal has been

created and maintained.

The ground water is then evacuated from the borehole through the steel

piping. The physical characteristics of the ground water, pH,



conductivity, and temperature, are periodically measured. Stabilization
of these parameters indicate that the borehole water is representative of
the aquifer, Samples will be collected for field screening procedures as
outlined in Section 4.5.2.7 Ground Water Field Screening and for
laboratory analyses as outlined in Section 4.5.2.5: Ground Water

Sample Collection from Wells

4.5.2.7 Ground Water Field Screening

A portable SRI gas chromatograph instrument may be used for field
screening analysis of ground water samples. The instrument provides
detection of organic compounds using a photo ionization detector (PID)
or flame ionization detector (FID) using head space or purge and trap

procedures.

The foliowing Table illustrates the applicability of the use of both the
PID and FID for field screening of chlorinated VOCs by comparing the

response factors vs ionization potentials of those targeted compounds.

Compound Response Factor Ionization Potential {(eV)
PCE 1.47 9.32

TCE 1.85 9.45

1,1,1-TCA 0.95 11.00

1,1,2-TCA 1.05 11.00

1,1-DCE 2.04 9.79

1,2-DCA 1.12 11.05

1,1-DCA 1.43 11.06

note - The response factors are from the “Foxboro OVA Century

Response Chart Relative to Methane Calibration” table. The



lonization Potential is from the NIOSH Pocket Guide to Chemical

Hazards.

Headspace Method
Approximately 20 ml of water will be placed in a 40 mi VOA sample

comtainer foilowing confirmation of the stabilization pH, temperature,
and specific conductivity. The sample and container will then be
placed in a water bath to heat the sample to a constant temperature for
five minutes. Dissolved volatile compounds will be transferred to
vapor phase and collected in the headspace of the sample container
during the heating process. Once heated, a sample of headspace gas
will be collected by injecting a syringe into the sample container via the
Teflon® septa in the lid of the container. (See SRI User’s Manual and
Reference Gutde, 1991}

To obtain separation of the various compounds in a sample, a stream of
ulira-zero air {(cartier gas) passes through a gas chromatograph columnn
and then into the detector. The collected 100 ul {(may vary depending
on concentration) headspace air sample will then be injected into the
carrier gas stream through a manual injection port using a sample
syringe. The separation of compounds from the ultra-zero air is
accomplished within the chromatograph column, each chemical taking
its own characteristic time (retention time) to be carried through the
column to the detector. Calibration standards will be prepared and run
for the target compounds. Standard runs, quality control syringe blanks
and ultra-zero air runs will be made periodically to ensure sampling

equipment integrity and instrument response.

4.5.3 Quality Control for Ground Water Sample Collection

In addition to the certified laboratory’s quality control procedures, trip blanks



were also coliected,

4.5.4 Equipment Decontamination

Equipment used for the sampling of water from borings, Geoprobe® poinis,
and wells, with the exception of field screening meters, vacuum pumps, etc.,
shall be dedicated for each boring. The vacuum pumps, etc., do not come into
contact with water samples; therefore, no formal decontamination procedures
are required. Containers used for the collection/holding of field screening

samples shall be decontaminated between borings according to the following

procedure:

1. Rinse with tap water to remove large particulate matter,

2. Wash with Alconox soap, or equivalent. The interior and
exterior of containers will be thoroughly scrubbed to remove
particulate matter and/or surface films. Meters will only be
thoroughly rinsed,

3. Thorough rinse with tap water to rernove soap,

4. Allow 10 completely air dry,

4.5.5 Sample Containers, Preservation, and Analytical Parameters
Ground water samples will be collected and analyzed in a manner sufficient to
characterize potential water contarninants. Constituents of concern are:
Copper, lead, DCA, 2-DCA, DCE, TCA, 2-TCA, TCE, and PCE.
Immediately after collection, each laboratory sample will be placed in labeled,
laboratory supplied containers, maintained on ice (water only), and stored in a
cooler. Sample containers and volumes will be consistent with the
requirements of the analytical methodology. The samples will be individually
packaged in bubble-wrap in order to reduce the possibility of container
breakage. (Reference RCRA Facility Investigation for AOC #1 and #2 Work



4.7

Plan, October 1994, Section 4.5.5 - Sample Containers, Preservation, and

Analytical Parameters, page 47).

4.5.6 Analytical Methods

All samples will be analyzed as specified in "Test Methods for Evaluating
Solid Waste, EPA Publication SW-846 (Third Edition)." Ground water
samples will be laboratory analyzed for selected VOCs by Method 8260.
Samples shall be analyzed for selected metals (total) by Method 6010. Field
filtering of samples shall not be conducted. If the quality assurance/quality
control (QA/QC) procedures followed by the analytical laboratory chosen for
this project differ from the QA/QC procedures followed by a typical CLP, the
Division shall be notified.(Reference RCRA Facility Investigation for AOC #1
and #2 Work Plan, October 1994, Section 4.5.4 - Equipment Decontamination,
page 46).

(Reference RCRA Facility Investigation for AOC #1 and #2 Work Plan,
Qctober 1994, Section 4.5.6 - Analytical Methods, page 47).

Order of Sample Collection

Samples shall be collected in order, starting with the suspected "clean" and
ending with the suspected most-contaminated sample. This sequence will be
followed for both solid and liquid samples. Sample aliquot from each location
will be collected and containerized in the order of volatilization sensitivity of
the parameters of concern. Samples will be collected in the following order:
First - VOCs, Second - Metals, Third - Field Parameters.(Reference RCRA
Facility Investigation for AOC #1 and #2 Work Plan, October 1994, Section
4.7 - Order of Sample Collection, page 53).



APPENDIX D
LABORATORY REPORTS



M Natural Attenuation Survey and Background Copper and Lead Soil Concentrations
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ANALYTICAL AND QUALITY CONTROL REPOR EQ EIVE U

SEP 2 11998
Mike Hasgeltine ne/le/19492
ALCATEL
2912 Waks Forest Road
Raleigh, NC 27605
HydrcoLogic Job Number: 98,023%5
Enclosed is the Analytical zand Quality Control Reports for the

following samples submitted to HydroLogic - Frankfort for analysis:

Project Description: ©8-1158
Sample Date Date
Numbey Sample Degcription Matcrix Sampled Regeived
21345 FIELD BLANK WATER 08/14/1298 08/18/19%8
2134 L-1 WATER 08/13/1998 08/1&8/1998
21365 MW-158 WATER 08/14/12%8 N8/1&8/1998
21366 MW-15D WATER 08/14/1998 08/18/1998
2@9 BEK-1A S0IL 08/13/1958 08/18/19%8
20 BK-1B SOIL 08/13/1568 08/18/1598
21421 BK-2A SOIL 08/13/1998 08/18/1598
21422 BK-2B SOIL 08/13/1998 08/18/1598
21423 BK-3A SOIL 08/13/1998 08/18/1998
21424 BK-3B SOIL 08/13/1958 08/18/1998
21425 MW-138 WATER 08/13/1998 08/18/13998
21426 MW-10S5 WATER 08/14/1998 08/18/1998
21427 MW-8SK WATER 08/14/1%38 08/18/1598
21428 MW-SDK WATER 08/14/1398 08/18/19%8
21425 MW-125 WATER 08/14/1998 08/18/1398
21430 MW-14D WATER 08/14/15%58 08/18/1598
The Quality Control report is generated on & batch basis. ALl

information ceontained in this
in which yvour sample(s) were
initiated at 8:00 a.m. unless

report is for the analytical batchl(es)

analyzed,

otherwise [lagged on report.

All anlytical batch(ss) ares

All samples were analyzed according to the RCRA guidelines described

in 5W-845, NFDES

: regulations, and
Examinatbtion of Water and Wastewater,

Fage 1 of 34

1ug1 TWILIGHT TRA L =% A% 70RT. KY 40607
A02-223-0251 FAX: 502-873-30:%

T2LL FREE 800.728-2251

Standard Methods

for the

Projeqct Repregentative



ANALYTICAL AND QUALITY CONTROL REPORT

Mike Haseltine 08/16/1998

ALCATEL
2512 Wake Forest Road
Raleigh, NC 27609

HydroLogic Jeob Numbser: 28.02395

Enclosed is the Analytical and Quality Control Reports
following samples submitted to HydroLogic - Frankfort for analysis:

Project Description: 5$8-1158

Sample

Number Sampls Descripticn Matrix
21431 MW-7D WATER
21432 MW-48% WATER
21433 FIELD BLANK WATER

Eii34

MW-4D WATER

The Quality Control report is generated on a

Date
Sampled

08/14/1598
08/14/1598
08/14/1998
08/14/1998

el LR TR o I

for the

Dats
Recaived

08/18/1958
08/18/1%38
¢8/18/1998
08/18/1598

batch basis. All
information contained in this report is for the analytical batch(es)
in which your sample{s) were analvzed. All anlytical batchles) are
initiated at 8:00 a.m. unless otherwise flagged en report.

All sampleszs were analyzed according to the RCRA guidelines described
in &SW-846, NPDES regulations, and Standard Methods

Examination of Water and Wastewater.

for the

Project Representative

Page 2 of 34

149 TWILIGHT TR L 3=anKFORT. KY 40607
502-233-0251 FAX: 502-373.50°% TOLL FREE B00-7248.22351
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ANALYTICAL REPORT

Mike Haseltfine
ALCATEL

2812 Wake Forest Road
Raleigh, NC 27609

Hydrelogic Job Number: 98.02385

Client Project ID: 928-1158

SAMPLE NO. SAMPLE DEQCREIBTION
2134% FIELD BLANK
Rap .-

Analyte Method Razult Limit
&230D (GC/ME CONFIRMED AQ) E2300
Banzene =0.50 0.80
BEromcbenzene <0 .50 0.50
Eromochloromethane =0.50 .50
B cdichloromethane <0 .50 0.80
Q@farm <0 .80 0.50
B Mhomethane =0 .80 0.50
n-Butylbenzene <0.50 0.50
se¢-Butylbanczene <0 .E0 0.50
cert-Butylbenzens <0.50 0.%50
Carbon tetrachleoride «Q.50 Q.50
Chlorvobenzens «<0.50 3.50
Chlerodibromomethane <} .50 0.50
Chlorgethans <0 .50 0.50
Chloroform =0.50 0.59
Chloromethane =0.50 .50
2-Chlorocolusna <0.50 0.50
4-Chlorotoluenea =(0.50 0.50
2-Chloroethyl vinyl ether <0.80 .50
1,2-Dibromo-3-chloropropane =0.50 0.50
1l,2-Nibromoeathane <0.50 0.5C
Dibromomethans <G.50 0.50
1,2-Dichlorcbenzense <0 .50 0.50
1,3-Dichlorobenzene . <0 _50 0.50
1,4-Dichlorobenzensa <(.50 0.50
Dichloredifluoromethans =0.50 0.50
trans-1,4-Dichloroc-2-hutens <0 .50 0.50

Page 3 of 34

08/16/1958

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1998 14:45

Date
Unitg Flags Analyzad
ug/L 08/25/1398
ug/L 08/25/1958
ug/L 0B/25/19%8
ug/L 08/25/15998
ug/L 08/25/1598
ug/L 08/25/1993
ug/ L 08/25/1998
ug/L 0g/25/1598
ug/L 08/25/1998
ug/L 08/25/1.998
ug/ L OBR/25/15%8
ug/L 0g8/25/1908
ug/L 08/25/1998
ug/L 0B/25/18388
ug/L 0B/25/1%%98
ug/L 08/25/1998
ug/L 08/25/1998
ug/L 08/25/19398
ug/ L 0g8/25/1%98
ug/L 0e/25/1998
ug/L 08/25/1%938
ug/L 08/25/1%98
ug/L 08/25/1998
ug/L 08/25/1998
ug/L 0B/25/1998
ug/L 08/25/1%%8

1491 TWILIGHT TRAIL FEANKFORT, /Y 40801
302-222-G251 FAX: 502-575-8015 - TOLL FREZ 800-728-2251
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ANALYTICAL REPORT

Mike Haseltine
ATLCATEL

2912 Wake Forest Road
Raleigh, NC 27609

HydroLogic Job Number: $8.02385%
Client Project ID: 98-11582
SAMPLE NO. SAMPLE DESCRIFTION
21345 FIELD BLANK
Analyte Method Result
l,1-Dichlorcethane =0.50
1,2-Dichlorcethane =0 .50
L.1l-Dichlorosthene =0.50
cig-1,2-Dichloroathens <0.80
trans-1,2-Dichlorcethene <0.50
1qti_chloroperane «0.30
LMD chloropropane <0.50
2,2-Dichloropropans <0.580
1,1-Dichloropropene <0 .80
=ig-1, 3-Dichlorepropens <0_50
trans-1,3-Dichloropropens <0 .50
Echylbenzene =0.50
Hexachiorobutadiene «0.50
Isopropylbenzensa <0.50
Isopropryl ether (IEE) <0 .50
p-Isopropyltoluene <0.50
Methylens chloride <0.80
Maethyl-tert-butyl ether (MIBE) <0.50
Naphthalene «Q.50
'+ n-Propylbenzene =0.50
| Btyrene <0.50
1,1.1,2-Tetrachloroethans «0.50
L.1,2,2-Tetrachloroethane =0_50
| Tetrachlorosethene <0 .50
. Toluene 0.68
1,2,3-Trichlorckenszene <0.50
1,2,4-Trichlorobhenzene <0.50

®

Page 4 of 24

Hep.

Limit

COoO0 000 C o000 0COo0O0000O 00D

.50
.50
v
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.BO
.50
.50
.50
LE0
.50
.50
.20
.50
.50
.50

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1998 14:45

Units Flags
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ua/L
ug/L
ug/L
ug/L
ue/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

1491 TWILIGHT TRAIL FRANKFORT «Y 40601
S02-223.0251 FAX: S02-873-3216 TOLL FREE B0Q-728-2251

TSR

Mg

Date
Analyvzed

08/25/1998
08/25/1558
08/25/1993

- pB/25/1958

Ce/25/1598
08/25/1998
08/25/1998
08/36/1998
0B/25/1998
0e/25/1998
08/25/19%8
08/25/1958
CB/26/1%98
08/25/1598
0B/25/1598
08/25/1598
08/25/19%8
08/28/1998
08/25/1598
pg/25/18%8 "
08/25/19%8
0R/25/1928
0a/25/1898
QB/25/1898
0B/25/1558
08/25/19%98
08/25/1%98
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ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Rcad
Raleigh, NC 27605

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/1.4/1558 14:45

PO M IO S e

HEydrologic Job Number: 98.02385
Client Project ID: 58-1158
SAMPLE NO. SAMPLE DESCRIPTION
21345 FIELD BLANK
Rep.

Analyte Method Result Limit
1,1,1-Trichloroethane =0.50 0.50
1.1,2-Trichlorgethane <0.50 0.50
Trichloroethense «0.%0 0.50
Tricolersflucromethans <0 .50 0.0
1,2,3-Trichlorcpropans «3.50 0.50
l{ﬂ{.é—Trimethylbenzene <0.590 g.50
1o -Trimethylhenzene =0.50 0.50
Vinvl acetate <0.E0 0.50
Vinyl chloride <0 .50 0.%0
m+p-Xvlenes <D.50 0.50
G-Xylena «0.80 0.50
SURR: Tolusne-48 104
SURE: 1,2-Dichloroethans-d4 103
SURR: 4-Bromofluorobenzene g1.0

Page & of 34

1431 TWILIGRET TRa =R

BOZ-223-0251 FAX: 302-373.30°8

Uniks

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/ L
ug/L
¥

%

%

ANKFORT, £Y 40601

TOLL FREE 800-728-2251

Date
Analyzed

0a/25/1998
08/25/1958
08/25/1998
08/25/1998
08/25/1998
08/25/1898
0B/25/1998
0B/25/1998
08/25/1593
08/25/1598
GB/25/1993
08/25/1598
0B8/25/1998
CB/25/31998



DI, INC.

Mike Hageltine

ALCATEL

ANALYTICAL REPORT

2912 Wake Forest Hoad
Raleigh, NC 27809

HydroLogls Job Number: 98.023985
Client Project ID: 93-1158

SAMPLE NO. SAMPLE DESCRIPTION

21344 L-1

Analyte Mathod Result
82608 (AQ) B2E60B
Acetone <80.0
Acrolein <50.0
Acryleomitrile =50.0
Bagrans <0, 50
Bﬁzbanzene <0 .80
BRI W-chloromathane <0.50
Bromodichloromethane <0 .50
Bromofarm =0.30
Bromomethane =0.350
n-Butvlbenzene =0,50
sec-Butylbenzene <0.50
tert-Butylbenzene =0.50
Carbon disulfide 6.44
Carbon tetrachloride =0.30
Chloromenzens 1.30
Chlerodipromomathane =0, 50
Chlorcethane <0 .50
Cnlorcform <0 .50
Chloromathane =0 .50
2-Chlorotolusene <(G.50¢
4-Chlorotoluene =0 .50
2-Chloroethyl vinyl ether <0.50
1,2-Dibromo-3-chloropropane <0 .80

,2-Dibromeoethans <0.50

ibromcmethane =0.50
L, 2-Dichlorchenzens «0,50

Page & of 34

Ce/1a/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/13/1558 17:00

Rep.
Limit

50.0
50.0C
50.0
.50
.50
.50
.50
.20
.50
.50
.50
.50
.50
.50
B0
.50
.50
.50
.BQ
.50
.50
.50
L5G
.80
.50
.50

OO0 000 0000000000000 000

1451 TWILIGHT TRA U F
502-223-0251 FAX. 502972301

RA
g

NKFORT KY 40801

*TOLL FREE 800-728-2251

Unit=

ug/L
ng/L
ug/L
ug/L
ug/L
ug/L
g/ L
ug/L
ug/L
ugfL
ug/L
ug/L
wy/L
ugfL
ug/L
ug/ L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Pl 155 PR T S N

Date
Analyzed

08/25/18%8
08/25/1%98
08/25/1538
be/25/134%8
08/25/1998
08/25/1998
08/25/19298
08/25/1998
08/25/1998
08/25/1998
QR/25/1558
0g/25/15%8
08/25/13998
08/25/1%58
08/25,/1598
08/25/1998
08/25/19%8
ng/25/15998
08/25/1998
48/25/1998
08/25/1998
08/25/1998
08/25/1998
08/25/19%8
4e/25/15%8
08/25/1398



HYDROLL
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Mike Hageltine

ANALYTICAL REPORT

LLCATEL

2912 Wake Forest Road

Raleigh, NC 27609

HydreLoglie Job Number: 28.02395

Client Project ID: $8-1158
SERMPLE NO. SAMPLE DESCRIPTION
21348 L-1

Analyte Method Regult

1,3-Dichlorobenzene <0.50
1,4-Dichlorobenzsene <0.50
Dichlorgodifluoromethane <0.50
tranz-1,4-Dighloro-2-huteane =0.E80
1,1l-Dichlorosthanes <0.590
14 ichlorosthane <0.580
1%W ichlorcethsne =0.50
cig-1,2-Dichloroethense 1.27
trang-1,2-Dichlorqethene =0.50
1,2-Dichloropropans <0.50
1,3-Dichlozopropane =0 .50
2, 2-Dichlorcpropanse «0.50
1,1-Dichloropropens <0.50
cis-1,3-Dichloropropens <0 .50
trans-1,3-Dichloropropens =0.80
Ethanol 100G
Ethyl acetace =20.0
Echylbenzenes «0.50
Ethyl methacrylate «10.0
2-Hexanone =50.0
Hexachlorocbutadiene <0.50
Iodomethans =1C¢.0
Iscpropylbenzene <0 .50
Isepropyl ether (IPE) =0.50
p-Iscpropyltoluens =0.50
Methylene chlcride «0.580
2-Butanone (MEK) =50.0

BPage 7 of 34

Rap.
Limit

.50
.50
.50
.50
.50
W50
.50
.20
.50
.50
.50
.50
.50
.30
.50

020
o

OO R OO o000 00000 OO 0n

50.0
0.50
i2.0
0.50
0.50
0.50
0.50
50.0

09/16/1958

Matrix Type: WATER

DATE-TIME SAMPLED
08/13/1%88 17:00
Date

Tnita Flags Anslyzed
ug/ L 08/25/15%8
ug/L 08/25/19%8
ug/L 0B/25/1%98
ug/ L 08/28/1898
ug/L 0B/25/19%3§
ug/h 08/28/1998
ug/L 08/28/19%8
ug/L 0B/25/1998
ug/L 08/25/1%98
ug/L 08/25/132%8
ug/L 08/25/1998
ug/L 08/25/19%8
ug/L 08/25/19%8
ug/L 08/25/1593
ug/ L 0B/25/1998
mg/ L 08/25/1958
mer/ L 08/25/1998
ug/L 0e/25/1998
ug/L 08/25/1958
ug/L 08/25/18258
ug/L 08/25/1998
ug/L £8/25/1958
ug/L 08/25/19%98
ug/L GB/25/1598
ug/L 0B/25/1998
ug/L 08/25/1998
ug/L 08/25/1%98

1491 TWILIGHT TRA 1 SSANKFORT. K'Y 40601
TOLL FREE B800-728-2281

502-223.0251 FAX: 5023752015
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Mike Haseltine
ALCATEL

Lot al

ANALYTICAL REFPORT

2912 Wake Forest Road
Raleigh, NC 27609

HydroLogic Job Number: 98.02385
Client Project ID: S8-1158

SAMPLE NQ, SAMPLE DESCRIPTICN

21348 L-1

Analyte Method Ragult
Methyl-tert-hutyl ether (MTBE) 1.40
4-Machyl-2-penrancne (MIBK) <50.0
Naphthalenes =0 .50
n-Propylbanzens <0 .50
2 ene «0.50
lj‘i,zﬂetrachlcrcethane =0 .50
1,z,;2,2-Tetrachleroethans «0.5%0
Tetrachlorpethene 20,80
Tolusne .43
1,2,3«trichlorchenzene <0.50
1.2,4-Trichlorebenzens «Q .50
1,1,1-Trichlorcethane «0,50
1,1,2~Trichloroethane <0.50
Trichloroethens <0.50
Trichlerofluoromethane =0 .80
1.2,3-Trichloropropans =0.50
1,2,4-Trimethylbenzene .54
1,3,5-Trimethylbenzene <0 .80
Vinyl acetats «0.50
Vinyl chlcride 6.36
m&p-Xylenes 1.28
o-Xylene 0.57
SURR: Toluesnae-d4s 98.0
SURR: 1,2-Dichlorecethane-d4 az2.0
SURE: 4-Bromofluorohenzene B& .0

Page & of 34

Rap.
Limit

0.50
£0.0
.50
.50
.50
B0
-EB¢
.50
.50
.50
.50
.50
.50
50
.50
.50
.50
.50
.50
.50
.50
S50

o000 o000 o000 IO

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/13/18%8 17:00

Units Flags
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%

¥
5

= o

1491 TWILIOKY TRA!L
532-223.0251 FAX: 502 273

SRANKFORT, KY 40601
U8 - TOLL PREE 800-728-2257

o el ol g ey

WKy

Date
Analyzed

ne/25/18%8
g8/25/1998
Q8/25/1598
08/25/1998
0B/25/1598
08/28/19%98
0B/38/19958
08/25/15%8
0B8/25/1958
08/25/1598
08/25/1998
08/25/1558
08/25/1988
0E/25/1998
08/25/1998
08/25/1958
08/25/1998
08/25/1998
08/25/15998
pB8/25/19%8 "
08/25/1998
08/25/1998
08/25/1098
08/28/19%8
08/25/1998
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ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road
Raleigh, N 27509

HydroLogic Job Number: 98.02385%
Client Project ID: 28-1158

SAMPLE NO. SAMPLE DESCRIPTION

21346 L-1

Analyte Mathed Regult
£230D (GC/MS CONFIRMED RQ) 230D
Benzens =0.50
Bromobhanzene <{.50
Bromochloromethane Q.50
B cdichloromethane =0 .58
Bajfcrm =0.80
BrUmomethane <0.50
n-Butylbenzensa =0.50
gec-Butylbenzene <0, 50
tert-Butylbenzene =0 .50
Carbon tetrachloride <0,50
Chlorcbenzens 1.30
Chlorcdibromemathane =0.50
Chleoroethane =0.50
Chloroform «0.50
Chloromethane <0.54
2-Chleorocoluens <0 .50
4-Chlorotoluene «0.50
2-Chloroethyl vinyl ether <0 .80
1,2-Dibrome-l-chlorgpropane =0.50
1,2-Dibromcethane <0 .50
Dibromomethane <0 .50
1,2-Dichleorobenzens <0 .50
1l,3-Dichlorobenzena =0.50
N, 2-Dichlorobanzens =0.50
Dichloredifluoromethans <0.50
rrans-1,4-Dichlore-2-butane <0 .50

Y

Page 2 of 34

Rep.
Limit

LEQ
.50
.Bo
.50
.50
.50
.50
.50
.50
.BD
.50
50
.80
.50
=1
.B0
.50
-50
.50
.50
.50
.30
.50
.50
.50
.50

DO O OSSO0 o 000000 o000 o000 0000

08/16/1558

Matrix Type: WATER

DATE-TIME SAMPLED
O8/13/1888 17:00

Date

Units Flags Analyzed

ug/L 08/26/1598
ug/L 0B/26/1998
ug/L 08/26/1958
ug/L 08/26/1998
ug/ L DB/26/15938
ug/L 08/26/1988
ug/L 08/25/1298
ug/L 08/26/1%58
ug/L 08/26/19598
ug/L 03/26/1598
ug/L 08/2&6/1598
ug/L 08/26/1598
ug/L 08/26/19%8
ug/L 08/26/1588
ug/L 0B/26/1598
ug/ L 0B/26/1958
ug/L 08/26/1998
ug/L 0E/26/1998
ug/L 08/26/1998
ug/ L 08/26/1898
ug/L 08/26/1998
ug/L 08/26/1998
ug/L 08/26/1598
ug/L pe/28/1998
ug/L 08/2&6/1998
ug/L 08/26/1398

1491 TWILIGHT TRAIL FRANKFORT. KY 40501
TOLL FREE 300-728-2251

502-223-0251 FAX: 502-873-8015
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ANALYTICAL REPORT

Mike Hageltine
ALCATEL

2917 Wake Fforest Road

Ralesigh, NC 27609

HydroLogic Job Number: 28.02385
Client Project ID: 98-1158

SAMPLE NO. SAMPLE DESCRIPTION

21346 L-1

Analyte Mathod Regult
l,l1-Dichlcroethane =0.5%0
L,2-Dichloroethans =0.50
1.1-Dichlorcethens =0.50
cis-1,2-Dichlorcethens 1.27
trans-1,2-Dichlorocathane «z0.50
1Q1chloropropane =0.50
1, 2®oichloropropane =0.50
2,2-Dichloropropane «0.50
1,1-Dichlecropropene =0.50
cis-~1,2-Dichloropropensa =0 .50
trans-1,1-Dichloropropens <0.50
Ethylbenzene =0.50
Mexachlorokutadiene =0 .50
Iscpropylbenzens <0.50
Isopropryl ether (IPE) =0.50
p-Ilsopropylteluens =0.50
Methylens chloride <0.50
Methyl-tert-butyl ether (MTEBE) 1.40
Naphthalene <0.50
n-propylbhbenzena <0 .50
Styrene =0.590
1,1,1,2-Tetrachloroethane «0.50
i,1,2,2-Tetrachloroathans =0 .50
Tetrachlorcethens =Q.50
Toluene 1.43
1,2,3-Trichlorcbenzens =0.50
1,2,4-Trichlonobenzens «0 .50

’.‘

Page 10 of 34

Limit

SCOCOoO OO0 Qoo OO0 OO0 O00C00 0O 0 00000

.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.30
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50
.50

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
0B/1l3/1%98 17:00

Units Flags
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

1451 TWILIGHT

= s
(A
3

T3
502.223-0251 FAX: 50287

L TRANKFORT. KY 40801
-3518 . TOLL ®*REE 8Q0-728-2251

FRNCTATY AR T

Date
Analyzed

08/26/1598
0&/25/1998
08/26/1598
08/26/15%8
bs/26/1%98
0g/25/199%a
pna/26/1958
08/26/1358
08/26/1588
0E/26/1%98
06/26/1958
pa/26/19%8
08/26/1998
0e/26/1598
06/26/1958
08/26/15%3
08/268/19%8
0B/26/1998
08/26/1998

08/26/1838

08/26/19%8
08/26/1998
08/26/1938
08/26/1998
08/26/1598
08/26/1998
08/26/1958



DROLE

1Y

GiG,ING.

.

Mike Haseltine
ALCATEL

ANALYTICAL REPORT

09/16/1998

2512 Wake Forezst Read

Raleigh, NC 27509

DATE-TIME SAMPLED

Matrix Type: WATER

08/13/1998 17:00

HydroLogic Job Number: 98.02395
Client Proiject ID: 98-1158
SAMPLE NO. SAMPLE DESCRIPTION
21346 Li-1
Hep.

Analvte Mathaod Regult Limit
1,1,1-Trichlorcechanes ={0.50 0.50
1,1,2-Trichlorcethane =0.50 0.50
Trichlorcethene <0.50 0.0
Trichloroflucrmmethane <(.50 0.50
1 i-Trichloropropans <0.50 0.50
AL -Trimethylbenzene Q.54 2.50
1, & -Trimethylbenzans <(.50 0.50
Vinyl agetate =0 .50 0.50
Vinyl chloride 6.36& 0.50
m+p-Kylenss 1.2¢ 0.50
o-Xylens 0.57 0.50
SURR: Toluenae-d4dg #8.0
SURER: 1,2-Dichlorosthane-d4 32.0
SURR: 4-Bromofluorchenzene B&.0
MISC, @O COMPOUNDS NET
Methane Atrached

Page 11 of 34

1491 TWILIGHT TRAIL FRANKFORT. KY 40601
302-223-0257 FAX: 802-873-3016

TOLL FREE 800-728-2251

Units Flags
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

L -

AW U A T T T

Date
Analyzed

08/26/1598
08/26/1858
08/26/15%98
08/26/19398
08/26/19%8
08/26/1998
08/26/13%8
08/26/1998
08/26/1598
08/26/1598
08/26/1858
08/26/19%8
08/26/1998
08/26/1998

0g/26/1598



AP TN T P

Mike Haseltine
ALCATEL

ANALYTICAL REPORT

2812 Wakes Forest Road
Raleigh, NC 278089

HydroLogic Job Number: 98.02395
Client Project ID: S8-1158

SAMPLE NO. SAMPLE DESCRIPTION

21365 MW-158

Analyte Method Ragult
62300 (QC/M5 CONFIRMED AQ) 6230D
Benzens =0.50
Eromcokanzena =0.50
Bromoshloromethane =0.50
Bramodichloromathane «0.80
Basform =0.50
Erdomethane <0.50
n-Butylbenzens =0. 30
sec-Butylbenzene =0.50
cert-Butylbenzene =0.50
Carkon cecrachloride =0.50
Chiorobenzene <0.50
Chloredibremomethane =0 .50
Chloroetchane =0.50
Chlorcform =0.580
Chloromethane =0.50
Z2-Chloxrotoluens <0.80
4-Chlcretolusne =0 .50
2-Chlorcethyl vinyl ether <0.50
1,2-Dibromo-3-chloropropana <0.50
1, 2-Dibromeoethane =0 .80
Dibromomethans =0.50
1,2-Dichlorchenzene <0 ,50
1,3-Dichlorohenzene =0.50
1,4-Dichlisrebenzens =0 .50
Dichleorodifluocromethanse =0.80
trans-1,4-Dichlorg-2-butene =<0 .50

Page 12 of 34

Rep.
Limit

.50
LEQ
.50
.50
.50
.30
50
B0
.50
.50
.50
.50
.50
.20
.50
.50
.50
.50
.30
B0
.50
.50
.50
50
.50
.B0

OO0 o OO0 o0000 00000000000 00000

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1%58 11:30

Date
Units Flags hpalyzed
ug/L 08/26/15%8
ug/L 08/26/1998
ug/L 08/26/1558
ug/L 08/26/1998
ug/L 08/26/1998
ug/L 0B/26/13%8
ug/L 08/26/1528
ug/L 08/26/1898
ug/L 08/256/1%98
ug/L 0g/28/1998
ug/L 08/26/1993
ug/L 08/26/1998
ug/L 08/26/1858
ug/L 08/26/15%8
ug/L 08/26/1538
ug/L 08/26/1953
ug/L 08/26/1598
ug/L 08/26/1998
ug/L 08/26/1958
ug/L 08/2¢/1598
ug/L 08/26/1998
ug/L 08/26/1998
ug/L 08,/26/1998
ug/L 08/26/1598
ug/L 08/26/1558
ug/L CB/25/12%8

1491 TWILIGHT TRAIL F
002-223-0251 FAX: 302.875-803

B

FRANKFQRT KY 40601

TOLIL FREE B00-728-2251
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ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2512
Raleigh, NC 27609

Wake Foregt Road

HydroLogic Job Number: $8.02385
Client Project ID: 58-11%8
SAMPLE NO. SAMPLE DESCRIPTICN
21368 MW-158
Rep.

Analvte Mathod Result Limit
1,1-Dichloroethane <0 .50 0.50
1,2-Dichloroathane «0,50 0.50
l1.1-Dichlorcethene =0.573 0.50
cis-1,2-Dichloroethens =0.50 0.50
crans-1, 2-Dichloroethensa =0.5%0 .50
lﬁaic‘nloraprcpane =0.82 0.50
1,2 Dichloropropane <0.50 0.50
2,2-Lichloropropane =0.50 0.50
1.1-Dichleoropropens =0.50 0.50
cis-1,3-Dichlercpropene =0.50 0.50
trans-1,3-Dichleoropropens <0.50 0.50
Ethylbenzene =0.5C .50
Hexachlorobutadiens Q.50 0.50
Isopropylbenzene =0 ,80 0.50
Iscpropryl ether (IPE) «0,52 .50
p-Iscpropyltoluens =20.50 0.50
Methylene chloride <0.52 0.5
Methyl—tert—butyl ethar (MTBE) =0.&80 Q.50
Naphthalene <(.50 0.50
n-Propylbenzene =0 .59 0.50
Styrene =0.50 0.%0
1,1,1,2-Tetrachlercethans <0 .50 0.50
1,1,2,2-Tetrachlorosthane <0 .50 0.50
Tetrachloroethene «{0.50 0.850
Toluene =0 .50 0.50
1,2,3-Trichlozebenzens <Q .50 0.50
1,2,4-Trichlorcbenzene Q.80 Q.50

a‘.

S02.

Page 13 of 34

05/16/1.998

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1998 11:30

Data

Unitz Flags Analyzed

ug/ L 08/26/1998
ug/L 08/26/15%8
ug/L 08/26/1998
ug/ L 08/26/1%98
ug/L 08/26/1858
ug/L 08/26/1998
ug/L 08/26/1598
ug/L 08/26/1.598
ug/L 08/26/1998
ug/L 08/26/1998
ug/L ce/28/1958
ug/L p8/26/1998
ug/L 08/26/19%8
ug/L 08/26/1998
ug/L 0B8/26/19%8
ug/L 08/26/1998
ug/L 08/26/1998
ug/L 08/26/1998
ug/L ne/26/1.598
ug/L og/26/1998
ug/L 08/268/1%98
ug/L 08/26/1998
ug/L 08/26/1998
ug/L 08/26/19%8
ug/L 08/26/19G8
ug/L cg/26/1998
ug/L 08/2&/1998

1431 TWILIGHT TRA.L =3ANKFORT. KY 40801

223-0251 FAX: 302-875-2275

TCLL FREE 800-728-2251
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ANALYTICAL REPORT

Mike Hzazseltine
ALCATEIL

2912 Wake Forest Road
Raleigh, NC 27609

HydroLogic Job Number: 58.02385

Client Project ID: 598-1158

SAMPLE NO. SAMPLE DESCRIPTICN

21368 MW-L55

Analyvte Method Rasult
1,1,1-Trichloroethane =0.50
1.1,2-Trichloroetchane «0.50
Trichloroethene =0.50
Trichleroflucromethans (.50
1,2, 23-Trichloropropans <0 .50
J_Q—Trimezhylbenzene =0.&80Q
1, %5-Trimethylbenzene <0.50
Vinyl acetate <0 .50
Vinyl chleoride <0.50
m+p-Xylenes <0.50
o-Xylene =0 .50
SURR;: Tolusne-ds 82.0
SURR: 1,2-Dichlorocethans-d4 112
SURR: 4-Bromofluorohenzene 85.0
MISC, GO COMPBOUNDS NET
Methans wtacned

Page 14 of 34

Limit

[ o B T o B oo Y o B0 oo T o L Y o T

.50
.50
.50
.50
.50
.50
-50
.50
.50
.50
.50

09/16/1598

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1%%8 11:30

Datea

Units Flags Analyzed
ug/L 0B/26/1998
ug/L 08/26/1958
ug/L 08/26/19%8
ug/L 08/26/1598
ug/L 08/26/15998
ug/L 0B8/26/1998
ug/L 05/2&/1998
ug/L 08/26/1998
ug/L 08/26/1393
ug/L 08/26/1998
ug/L g8/26/1598
% 08/28/19%98
% pa/z6/1998
% 08/26/19%8

og/26/1988

1461 TWILIGHT TRAILL T2ANKFORT, KY 40601
502-223-0281 FAX: 502-273-857 5 TOLL FREE 800-728-2251
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ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road

Raleigh, NC 27809

HydroLogic Job Number: $8.023%5
Client Project ID: §8-11583

SAMEPLE NO, SAMPLE DESCRIPTION

213&6 MW-15D

Analyte Method Rezult
£230D0 (GC/MS CONFIRMED AQ) 230D
Benzens =0.50
Bromohenzene <0.50
Bromochlsoromechane <0 .50
Brgoodichloromethana «(,50
E@form <0.50
Bromomsthaneg =0.50
n-Bucylbenzene =0 .50
sec-futylbenzanes «0.50
rert-Butylbenzene <0 .50
Carbon tetrachleride <0.50
Chlorocbenzens =0.80
Chlorodibromomathans <0.50
Chloroethane «0.50
Chlorofarm 0.77
Chloromethane =0.59
2-Chlorotsluens <0 50
4-Chlorotolusnea =0 .50
2-Chlorcechyl vinyl ather <0.50
1,2-Dibromo-3-chloropropane <0.50
1,2-Dibromoethane <0.50
Dibromomethane <0 .80
1,2-Dichlorobenzene <0 .50
1,3-Dichlorobenzene <0 .50
1.,4-Dichlorobenzene =0.50
Dichlorodiflueoromethans =0.50
trang-1,4-Dichloro-2-butene =0 .50

®

Page 15 of 34

Rep.

Limit

=R ool lsNeNolsNeNsBoNaloNaololaleBalclollellelaileile]

-850
.50
.50
.20
.50
S50
-RO
-850
.50
.50
W50
.50
.50
.50
.50
.50
.50
-850
L50
.50
.50
.50
.50
L0
.50
.50

09/16/1928

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/19%8 1L:45

Unitsz Flags

ug/L
ug/L
ug/L
na/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

1481 TWILIGHT TRAIL FRANKFORT. KY 40801
502-223-0251 FAX: 502-875-3018 - TOLL FREE 800-728-2251

W IR W b

Date
Analyzed

08/26/1958
08/26/1998
Q8/26/1958
0B/zm//1568
08/26/15958
0a/z26/1958
08/26/1598
08/26/1398
08/26/1938
08/28/1238
08/28/1958
oE/26/1388
08/26/1998
08/26/158%8
08/26/1998
08/26/15%98
08/26/1%98
08/25/1998
08/z28/1588 "
0B/26/1358
08/26/1928
0EB/2&/1398
08/26/1998
0B/26/1998
08/26/19398
0B/2&6/1998



[ D I B A W I |

ANALYTICAL REPORT

Mike Haseltine
ALCATEL
2912 Wake Forest Road
Raleigh, NC 27609

09/16/1%98

HydrolLogic Job Number: 28.02395 Matrix Type: WATER
Client Project ID: §8-1158
SAMPLE NO. SAMPLE DESCRIPTION DATE-TIME SAMPLED
21386 MW-15D 08/14/1998 11:45
Rep. Date

Analyte Mathod Result Limit Tnits Analyzed
1,1-Dichleorosthane 1.7¢8 0.50 ug/L 08/26/1598
1l.2-Dichlorcethane =0.50 Q.50 ug/L 08/26/1598
1,1-Dichlorosthens 73.2 0.50 ug/L 0B/26/1958
cis-1,2-Dichleroethena =0.50 0.50 ug/L 08/25/139%
£ 5-1,2-Dighlercethens <0 .50 0.50 ug/L DE/26/19%8
16 ichleropropane =0.50 0.50 ug/L 08/26/1598
1,5 Dichloropropane <0.50 0.580 ug/L 08/26/1998
2,2-Dichloropropansg =0.50 .50 ug/ L 08/28/1558
1,1-Dichloropropene =0.50 0.50 ug/L 08/26/1958
cis-1,3-Dichloropropene «0.50 0.50 ug/L 0R/26/1998
trans-1,3-Dichloropropena £0.50 0.50 ug/L 08/25/1%98
Ethylbenzens <0.50 0.50 ug/L 58/26/1998
Hexachlorobutadisne <0.50 0.50 ug/L 08/28/1998
Isopxopylbenzene <0 .80 0.50 ug/L 0B/26/185%8
Isopropryl ether (IPE) 0,50 0.50 ug/L 0B/25/1998
p-Isopropyltoluens <0.50 Q.50 ug/L 0B/26/1558
Methylene chlexids <0.50 0.50 ug/L DE/26/1958
Methyl-tert-butyl ether (MTRE) =0 .50 0.50 ug/L 08/26/1598
Naphthalene =0.50 0.50 ug/L 0B/26/1998
n-Propylbenzene <0 .50 0.50 ug/L 08/36/19%8
Styrena <D.50 €.50 ug/L 08/28/1998
1,L,1,2-Tetrachlorgcethane «0 .50 0.50 ug/L NE/26/1398
1,1,2,2-Tetrachloroethane <0.50Q 0.50 ug/L 0B/26/15988
Tetrachloroerhene 17.0 0.50 ug/L 0E/26/1998
Toluene <0.50 0.50 ug/L 08/26/1998
1,2,2-Trichlorobenzene <0.580 0.50 ug/L BE/26/19%8
1,2,4-Trichleorchenzene «0.50 0.50 ug/L 06/26/1998

507-223-0251 FAX; 502-875-3078 TOLL ~REE 800-728-2251

Page L& cof 34

1431 TWILIGETY TRAIL FRANKFOET. KXY 406801
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Y DRELDGIC, INT.

SRR EM T B8 2 22 S L T

ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road
Raleigh, NC 27609

Hydrol.ogic Job Number: 28.0239%
Client Project ID: 98-11%58

SAMPLE NO. SAMPLE DESCRIPTION

21366 MW-15D

Analyte Mathod Result
L,1,1-Trighlaroethane 3.04
L.1,2-Trichloroethane <0,50
Trichloroethene 1z2.1
Trichlorofluoromethane =0 . &0
1 i-Trichlorocpropans =G .50
14 -Trimegthylbenzens =0 .50
L, 3, 5-Trimethylbenzens (.50
Vinyl acetate <0.50
vinyl chleride <0.50
m+p-Xylenes <0.50
o-Xyleng =0.50
SURR: Teoluene-da 52.0
SURR: 1,2-Dichloroethane-d4 121
SURR: 4-Bromeflusrobenzens 86.0
MIzC., GC COMPCUNDS NET
Mechane Attached

Page 17 of 34

Limit

OO0 o000 oo a0

.50
S50
.50
.50
.50
.50
.50
LG50
-50
.50
W50

08/16/1998

Matrix Type: WATEE

DATE-TIME SAMPLED
08/14/1998 11:45

Date

Units Flags Analyzed
ug/L 68/26/19%8
ug/L 08/26/1998
ug/L 08/26/1998
ug/L 08/2&6/19%98
ug/L 08/26/199%8
ug/L 08/26/1598
ug/L 0B/26/1998
ug/L 08/26/1998
ug/ L 08/26/1998
ug/L 08/26/1958
ug/L 08/26/1998
% 08/26/1958
% 08/26/19398
% 08/25/1998

GB/258/1998

1adt TWILIGHT TRAIL FRANKFOAT KY 40601
502-323-0251 FAX: 502-875-8016 . TOLL FREE 800-728-2251



ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road
Raleigh, NC 27&05

HydroLoglc Job Number: 98.023%5

Client Project ID: 98-1153

SAMPLE NC, SAMPLE DESCRIPTION

21418 BK-1A

2nalyvte Method Result
Copper, ICF Attached
Lead, ICP Attached

9

Page 18 of 24

09/16/1998

Matrix Type: S0IL

DATE-TIME SAMPLED
0B/13/1998 10:45

Rep.
Limit Units Flags

1491 TWILIGHT TRAIL FRANKFORT, KY 40601
4G2-223-0251 FAX: 502-872-3018 / TOLL FREE 800-728-2251

Date
Analyzed

08/26/1998
08/27/18%8



ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road
Faleigh, NC 276089

HvdroLogic Job Number: $8.02385%

Cliient Project ID: 98-1158

SAMPLE NO. SAMPLE DESCRIPTION
21420 BE-1R
Analyte Mathod Result
Copper, ICPF Attached
Lead, ICP Attached

®

Page 19 of 34

09/16/1928

Matrix Type: SOIL

DATE-TIME SAMPLED
08/13/1998 10:45

Rep. Date

Limit Tnits Flags Analyzed
pE/26/1%998
08/2%/1998

1481 TWILIGHT TRAIL FRANKFCRT, KY 40801
302-223-0251 FAX; 502-875-80°6 * TOLL FREE 300-728-2251



Thure CE T ey
ANALYTICAL REPORT
Mike Haseltine 08/16/1998
ALCATEL
2912 Wake Forest Road
REaleigh, NC 27803
Hydrologic Job Number: 98.032338S5 Matrix Type: S0IL
Client Project ID: 98-1158
SAMPLE NO. SAMPLE DESCRIPTION DATE-TIME SAMPLED
21421 BEK-2A 08/13/1.998 11:18
Rap. Datea
Analvte Method Fesult Limit Units Flags Analyzad
Copper, ICP Attached ‘ 0B/26/19%98
Laad, ICo Attachad 08/27/1%998

Page 20 of 34

1481 TWILIGHT TRA'L =SANKFORT, KY 40601
BO02-2R3-0281 FAX 502-875.20°% TOLL FREE 800-728-2251

TR



Hyi

SROLOGIC, ING.

ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road
Raleigh, NC 27609

HydroLogic Job Number: 98.02355
Client Project ID: 58-1158
SAMPLE NO. SAMPLE DESCRIPTION
214232 BK-ZB
Analyte Mathod Result
Copper, ICP Attached
Lead, ICP Attached

Poge 21 of 34

0S8/16/19298

Matrix Type: SOIL

LATE-TIME SAMPLED
08/12/1998 11:15

Rep. Date

Limit Tnits Flags Aaalyvzed
08/26/1928
08/27/19%8

1491 TWILIGHT TRAIL FRANMKFORT, KY 40601 |

502-223-0251 FAX: 502-875.30135 TOLL FREE 800-728-2251 |



GGG, ING.

SRR e T
ANALYTICAL REPORT
Mike Haseltine 0e/18/1998
ALCATEL
2212 Wake PForesst Road
Raleigh, NC 27609
Hydrologic Job Number: 98.02395 Matrix Type: SOIL
Client Project Ib: ©28-1158
SAMPLE NG, SAMPLE DESCRIPTION DATE-TIME SAMELED
21423 BEK-3A 08/13/19%8 1l:41
Rep. Date
Analyvte Mathod Result Limit Units Flags Analyzed
Copper, ICP Attachsd 08/26/1998
Lead, ICPE Attached 08/27/1598

9

Page 22 of 34

1481 TWILIGHT TRAIL FRANKFCRT. KY 40801
502.223-0251 FAX: 507-875-80358 / TOLL FREE 800-728-2251



3OLOBIG, INC.

ANALYTICAL REPORT

Mike Ha=seltine
ALCATEL

2912 Wake Forest Road
Raleigh, NC 27609

HydroLogic Job Number: 98.02385

Client Project ID: 98-1158

SAMPLZE NO. SAMPLE DESCRIPTION

21424 BEK-3B

Analvte Matheod Rezulb
Copper, ICP Attached
Lead, ICF Attached

Fage 23 of 34

TR I R TR/

09/le/1998

Matrix Type: SOIL

DATE-TIME SAMPLED
08/13/1%%8 11:41

Rep. Date

Limit Unitas Flags Analyzed
08/26/19%8
08/27/1998

1481 TWILIZHT TRAIL FRANKFORT, KY 40601
502-223-0251 FAX: 502-875-37316 . TOLL FREE 800-723-2251



HYDROLDGIC, INC.

ANALYTICAL REPORT

Mike Haseltine
ALCATEL

2912 Wake Forest Road
Raleigh, NC 27403

HydroLogic Job Number: $8.02355

Client Project ID-: 98-1158

SAMFPLE NO. SAMFILE DESCRIPTION
2143265 MW=138
Analyte Method Resgult
Chloride Attachead
Nitrogen, Nitrate Attached
Sulfate Attached
Iren, ICP Attached
GC COMPOUNDS NET
a Attachad

Page 24 of 32

08/16/1598

Matrix Type: WATER

DATE-TIME SAMPLED
0B/13/19%8 20:26

Rep.
Limit Units Flags

mg/L

1491 TWILIGHT TRAIL FRANKFORT, KY 40601
502-223-0251 FAX: 502-875-8018 TOLL FREE 800-728-2251

Date
Analyzed

0B/28/13298
08/20/1998
na/21/1948
08/28/19358

N8/26/1998



HYDROLDBIS, NG,

.

ANALYTICAL REPORT

Mike Haseltine
ALCATEL

29212 Wake Forest Road
Raleigh, NC 27608

HydroLogic Job Number: 98.02395

Client Project ID: 98-1158

SAMPLE NG. SAMPLE DESCRIPTION

214248 MW-108

Analyte Mathod Reszult
Chloride Attached
Nitrogen, Nitrate Artached
Sulfate Attached
Iron, ICP Attached
il GC COMPQUNDS NET
ME™ 51 e Attached

Page 25 of 34

09/16/19%8

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1998 08:41

Rep.
Limit Unita Flags

mg/L

1491 TWILIGHT TRAIL FRANKFORT. KY 40601
502.223-0251 FAX, 502-875-8018 . TOLL FREE 800-728-2251

Date
Analyzed

D8/28/1999
08/20/1.598
ne/21/1%93
0a/28/1998

08/26/1998



.’

HYDROL

0GIG, ING.

En Sn i g T et |

ANALYTICAL REPORT

Mike Haszeltine

ALCATEL

2912 Wake Forest Road
Raleigh, NC 2760%

HydreolLogic Job Number: ©8.023%55

Client Project ID: 98-1158

SAMPLE NO. SAMPLE
21427 MW-95K
Analyvte
Chloride

Nitrogen, Nitrate
fulfate
Iron, ICP

MM EC COMPOUNDS
Methansz

DESCRIPTION

Mathod Result
Attached
Attached
Atrached
Attached

NET
Attached

Page 26 of 34

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/19%8 12:25

Rep. Data
Limit Units Flags Analyzed

08/28/1%98
08/20/1998
08/21/1998
mey/ L 0e/28/1598

Qa/28/1593

1491 TWILIGHT TRAL FRANKFORT. KY 40601
502-223-0251 FAX: 502-375.3018 TOLL FREE 800-728-2251



DLOGIC, I

ANALYTICAL REPORT

A TR TR e AT T

'

Mike Haseltine 02/16/19398
ALCATEL

2912 Wake Forest Road

Raleigh, NC 27509

HydroLogic Jok Number: 858.023%% Matrix Type: WATER

Client Project ID: 98-1158

SAMPLE NO. SAMPLE DESCRIPTION DATE-TIME SAMPLED
21428 MW-9DXK 08/14/1998 12:47
Rep. Date

Analyte Methad Result Limit Unita Flags Analyzed
Chloride Attached 08/28/19%8
Witrogen, MNitrate Attached 08/20/1998
Sulfate Attached 08/21/1998
I#on, ICP Attached me/L 0B/28/1958
M]@ GC COMPOUNDS NET
Metnane Attached : ge/26/19%8

Page 27 ©of 34

1291 TWILIGHT TRAIL FRANKFORT, KY 40801
BOR-223-025%1 FAX: B0Z.875-8016 ¢/ TOLL FREE B00-728-2251




ANALYTICAL. REPORT

Mike Haseltine
ALCATEL

2912 Wake Fgrezt Eoad
Raleigh, NC 27609

HydroLogic Job Number: 5$8.023395
Client Project ID: 98-1158
SAMPLE NO. £AMPLE DESCRIPTION
214295 MW-128
Analyte Method Regult
Chlcride Attached
Nitrogen, Nitrate Attached
Sulfare Attached
Iron, ICPE Artached
"W GC COMPOUNDS NET
Mé&Thane Attached

Page 28 of 34

09/16/1598

Matrix Type: WATER

DATE-TIME SAMELED
08/314/1588 13:10

Date
Analvsed

Rep.,
Limit

Units Flags
08/28/1998
oas/20/1988
0B/21/1558

mg /L 08/28/199%3

0B/26/19988

1491 TWILIGHT TRAIL FRANKFORT, KY 40601
502-223-0251 FAX: 802-375-3018 » TOLL FREE 800-728-2251



HYDROLOBGIC, INC.

.

ANALYTICAL REPORT

Mike Haseltine
ATLCATEL

2812 Wake Forest keoad
Raleigh, NC 27608

Hydrologic Job Number: 98.02395

Client Project ID: 98-113%8

SAMPLE NO. SAMPLE DESCRIDPTION

21430 MW-14D

Analyte Maethod Rasult
Chloride Attached
Nitrogen, Nitrate Attached
Sulfate Attached
Iren, ICP Attached
MQ GC COMPOUNDS NET
Matitane Attached

Page 29 of 34

0%/16/1598

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1958 13:458

Rep. Date
Limit Units Flags Analyzed

08/28/15%83
p8/20/19%8
08/21/1998
mg/ L 08/28/1938

08/28/1998

1491 TWILIGHT TRAIL FRANKFCRT, KY 40601
502.223-0251 FAX: 502-875-3016 . TOLL FREE 800-725-2251



DROLDGIC, ING.

T AR eI min
ANALYTICAL REPORT
Mike Haseltine 03/18/1998
ALCATEL
2812 Wake Forest Road
Raleigh, NC 27609
HydroLogic Job Number: 588.02385 Matrix Type: WATER
Client Project ID: 98-1158
SAMPLE NO. SAMPLE DESCRIFTION DATE-TIME SAMPLED
21431 MW-7D 08/14/1598 14:15
Rep. Data
Armalyte Mathod Result Limit Tnits Flags Analyzed
Chloride Attached 0B8/28/1998
Nitrogen, Nitrate Attached 08/20/1253
Sulfate Attached 0&/21/1998
Iron, ICP Attached mg/ L 08/28/1598
Mm 3C COMPOUNDS NET
Me®tane Attached 08/26/19948

Page 30 of 34

1491 TWILIGHT TRA-L FRANKFORT, KY 406801
5002-223-0251 FAX: 502-873-3015 . TOLL FREE 500-728-2251




iG,ING.

Mike Haseltine
ALCATEL

ANALYTICAL REPORT

2912 Wake Forest Road
Raleigh, NC 27609

HydroLogic Job Number: 98.023%9

Client Project

ID: ©98-1158

SAMEBLE NO. SAMPLE DESCEIPTION
21432 MW-45
Analyte Matheod Result

Chloride actached
Nitrogen, Nitrate Attached
Sulfate bttached
Iron, ICP Attached
M]’ G2 COMPOUNDS NET

Merlane Attached

Page 31 of 24

09/16/1938

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/15%8 14:45

Rep. Date
Limit TUnits Flags Analvyzed

08/28/1998
0B/20/1.998
0B/2z1/1998
mg/L 08/28/15%8

N8/26/1.598

1491 TWILIGHT TRAIL FRANKFORT. KY 405601
502-223-0251 FAX: 502-875-3018 ' TOLL FREE 800-728-2251



G, INC.

Mike Haseltine
ATLCATEL

ANALYTICAL REPORT

2912 Wake Forest Road
Raleigh, NC 2780%

HydroLogic Job Number: $8.02395

Client Project

ID: 28-1158

3AMPLE NO. SBMPLE DESCRIPTION

21433 FIELD BLANK

Analyte Mathed Regult
Chloride Attached
Nityrogen, Nitrate Attached
Sulfate Attached
Iron, ICD Attached
M]" GC COMPOUNDS NET
Matiians Atcached

Page 32 of 34

09/16/1998

Matxrix Type: WATER

LCATE-TIME SAMPLED
08/14/1998 14:45

Rep-
Limit Unita Flags

mg/ L

1481 TWILIGHT TRAIL F3ANKFORT, KY 40801
502-223-0251 FAX. 502-87%-2275 TOLL FREE 800-728-2251

Date
Analyzed

08/28/1598
0R/20/1388
08/22/1958
Qa/28/1938

08/26/1348



JLOGIC, INC.

ALCATEL

ANALYTICAL REPORT

Mike Haseltine

2912 Wake Forest Reoad
Raleigh, NC 27609

HydroLogic Job Number: $8.02395

Client Project ID: 58-1158

SAMPLE NO. SAMPLE DESCRIPTION
21434 MW-~-4D
Analvte Methad Rezult

Chloride Attached
Nicrogen, Nitrate Attached
Sulface Attachad
Iiron, ICP Attachad
MJ}Q GC COMPOUNDS NET

METHS e Atrached

Page 33 of 34

09/16/1998

Matrix Type: WATER

DATE-TIME SAMPLED
08/14/1998 15:1%

Rap. Date
Limit Units Flags Analyzad

0B/28/198%8
08/20/1958
0B/21/1%%8
met/ L 08/28/1598

08/26/19%98

1481 TWILIGHT TRAIL FRANKFORT, KY 40601
502-223-0251 FAX: 5G2-875-8016 . TOLL FREE 800-728-2251



i LIBRARY SEARCH REPORT

ALCATEL 08/16/1998
Mike Hageltine

2812 wWake Forest Road

Raleigh, NC 27609

HydroLogic Job Number: 98.0239% Matrix Type: WATER

Client Project ID: 88-1158

Tenatively Identified TIE Estimated

Compound Numbar Concantration Units Flags
SAMPLE NO. SAMPLE DESCRIPTION DATE-TIME SAMPLED
21346 L.-1 17:00
Volatile Library Search 8901

NO TICS FOUND

A. Page 34 of 34

1491 TWILIGHT TRAIL FRANKFORT, KY 40601
502-223-0251 FAX: 502-875-8016 / TOLL FREE 800-728-2251
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GC Fiéld. Screening Results



Lab name : NET Field Screening Lab
Client ¢ Alcatel Metwork Systems
Client ID : BEQWlé
Collected : gust 22, 1997
Description ¢ dro
) Sample = MN 4 D 9 —132
N‘ Operator : 5. Harts
u . G 4RDmY &4, d2@dmy
He L t
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T '
b i
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D.85% L n1.}L.1-7TChA
14,52 14,352 :
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SRI Instruments
AB/22/1997 13:24:58
Direct Injection
CHANNEL TWO

MXT=-1 @.93mm x 1% M
Helium

2DATAL.CHR ()

1 microliter of Std.

LLab name
Analysis date
Method
Descriptian
Column

w1 B BE AR 00 3

Carrieyv
Data file
Sample

[T}

—d, 4DAmY H4 . Q@@0myY

Height Retention
Area

Ll

U

P et } 4,750
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[ - ' . e l
i 1 -

PRI , b |
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- T : P e EET : 5.641
@‘iE.SM' o L
:.; ! - o '
1 : “.r;‘!': :
8 i‘.....‘ Iu :
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l ‘:

i . e T i
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Retentiaon



SRI Instruments
QAB/ 2271997 13:24:58

Lab name
Analysis date

Me { hod : Direct Injection
Description : CHANNEL ONE
Column : MXT-1 @.53mm x 15 M
Carrier 2 Helium
f Data file : 1datal.chr ()
i Sample : )| microliter of Std.
—-51.200mV S12.000mY
Height Component Reterntion
RAread e BERLErnal
| i
i 1
i !

@



SRI Instruments
WB/22/1997 10:54:18

Lab name
Analysis date

[ER LT}

Method Direct Injection
Description :: CHANNEL TWO
Column = MXT-1 @.53mm x 135 M
Carrier @ Helium
| . Data file : 2DATAL.CHR ()
’ 4‘ Sample < 1 microliter of Std.
_ —62.3@8mV 625 . DRBmY
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Lab name : SR Instruments
Analysis date : BB/22/1997 13:24:58
Method : Direct Injection
Jescriptian : CHANNEL TwWO
Column s MXT~1 @.5%3mm = 15 M
Carrier : Helium
Data Tile : ZDATAL.CHR ()
‘ Sample : 1 microliter of Ltd.
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SRI Instruments

_ab mame :
finalyvsis gate @ AB/22/1997 15:24:58
Method : Dirsct Injection
Description : CHANNEL ONE
Columm : MXT—1 B.5%mm = 15 M
Carrier Hel sum

ldatal.che ()
1 microliter aof Std

m Data file
) Sample
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Data file
m Sample

: BRI Instrumenrts

: BB/22/1997 105415
: Direct Injection
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Down-gradient Geoprobe Survey (Horizontal Extent)



PARADIGM ANALYTICAL LABORATORIES, INC.

Resuits for Volatiles

Glient Sarmple {D: P-01

by GCMS 82100

Client Project ID: 01 003 0109

Lab Sample 1D: 39357
Lab Project ID; G247-1
Matrix: Water

Compound

Benzene
Bromobenzene
Bromochloromethane
Bromodichioromethane
Bromaoform
Bromomaethane
n-Butyibenzene
sec-Butylbenzene
tert-Butylbenzene
Carbont tetrachloride
Chiorobenzene
Chioroethane
Chiorofarm
Chioromethane
2-Chiorotoluene
4-Chiorotoluene
Dibromochioromethane
1,2-Dibromo-3-chicropropans
Dibromomethans
1.2-Dibromoethane (EDOB)
1.2-Dichiorobenzene
1,3-Dichlorgbenzene
1,4-Dichlorobenzene
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethane
cis-1,2-Dichioroethene
trans-1,2-dichioroethene
1,2-Dichloropropane
1,3-Dichloropropane
2.2-Dichioropropane
1,1-Dichlaropropens
Dichlarodifiucromethane
Diisopropy! ether (DIPE)
Ethylbenzensg
Hexachiorobutadiense
Isopropyibenzene
4-lsopropylioluene
Methyiene chioride
Methyi-tert-butyl ether (MTBE)
Naphthalene

n-Propyl benzene

Flags: BQL = Below Quantitation Limit

Gluantitation
Limit (ug/L)
0.5
0.5
0.5
0.5
0.8
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5
05
8.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5
0.5
0.5
as
0.5
0.5
5
0.6
0.5
0.5

Date Analyzed: 4/14/88
Analyzed By: MES
Date Collected: 477/98
Date Receivad: 4/8/98

Difution: 1.0

Result
{ug/L)
BQL
BaL
BOL
BaL
BGL
BQL
BQL
BQL
BQL
BQL
BaL
BQL
BQL
BaQL
BaL
Bl
BQL
BQL
BOL
BQL
BQL
BQL
BQL
BGQL
BaQL
BQL
BQL
BQL
BQL
BQL
BQL,
BQL
BQL
BQL
BQL
BOL
BaL
BQL
BQL
BOL

0.8
BQL

Reviewed by: P

Page 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Results far Volatiles

by GCMS 82100
Client Sample 10: P-01 Date Analyzed: 4/14/98
Client Project 1D: 01 003 0109 Analyzed By: MES
Lab Sample 1D; 39357 Date Collected: 4/7/28
Lab Project ID: G247-1 Date Received: 4/8/08
Matrix: Water Ditution: 1.0
Compound Quantitation Result
Limit {ua/l.) {ugil)
Styrene 3.5 BQL
1,1,1,2-Tefrachlorosthane 2.5 BOL
1,1,2,.2-Tetrachloroethane 0.5 BGL.
Tetrachioroethene 4.5 BOL.
Toluene 0.5 6.6
1,2,3-Trichlorobenzene 0.5 BQL
1,2, 4-Trichiorobenzene 0.5 BQL
Trichloroethene 05 BQl
1,1,1-Trichlorpethane 0.5 BQL
1,1,2-Trichloroethane 0.5 BOL
Trichlorofluoromethane 0.5 BQL
1,2,3-Trichloropropane 0.5 BoL
1,2, 4-Trimethyibenzens 0.5 05
1,3,5-Trimethylbenzens 0.5 gaL
Vinyf chiaride 0.3 BQL
m-p-Xylena 1 BQL
o-Xylene 0.5 BQL
Swrrogate Spike Recoveries Spike Surrogate
Added Result %Rec

Compound {ugL} (ug/L)
Bromofluorobenzene 10.0 10 100
1,2-Dichioroethane-d4 10.0 12 120
Tolyene-d8 10.0 10 100

Comments;
Al results are corrected for dilution,

Reviewed by e

Flags: BQU = Below Quantitation Linit Page 2




PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles

Client Sample 1D: P-02

by GCMS 62100

Client Project 1D 01 003 0109

Lab Sample {0 39358
Lab Project ID: G247-1
Matrix: Water

Compound

Benzene
Bromobenzene
Bromachlorarmethane
Bromodichloromethane
Bromoform
Bromomethane
n-Butylbanzene
sec-Butylbenzene
tert-Butylbenzene
Carbon tetrachierde
Chlorobenzene
Chloroethane
Chiorofarm
Chlaromethane
2-Chlorotaluenea
4-Zhlorotoiuene
Dibromochloromethans
1,2-0jbromo-3-chlorapropane
Dibromornethane
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1.4-Dichlorobenzene
1,1-Dichloroethane
1,1-Dichioroethene
1,2-Dichloroethane
cis-1,2-Dichlorasthene
trans-1,2-dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
Z2.2-Dichloropropane
1,1-Dichioropropene
Dichlorodifluoromethane
Diisopropyl ether (DIPE)
Ethylbenzene
Hexachlorobutadiene
isopropylbenzene
4-1sopropyltoluens
Methylene chloride
Methyl-tert-butyl ether (MTBE)
Naphthalene

n-Propyl benzene

Flags: BQL = Below Quantitation Limit

Quantitation
Limit {ug/L)
a0
50
50
50
50
50
50
50
1N
50
50
50
50
50
50
50
50
500
a0
50
50
50
50
50
50
50
50
50
50
50
50
50
500
50
50
50
50
50
500
50
50
50

Date Analyzed: 4/14/98
Analyzed By, MES
Date Collected: 4/7/98
Date Received: 4/8/88

Dilution: 100.0

Resuit
(ug/L}
BaL
BGQL
BaL
BGL
BQL
BGQL
BQL
BQL
BalL
BQL
BaQL
BQL
BOL
BQL
BQL
BaL
BaQL
BQL
BQL
BGL
BQL
BAQL
BGQL
BGQL

1500
BQL
BaL
BGL
BGQL
BGL
BQL
BQL
BQL
BGL
BGL
BQL
BaL
BQL
BOL
BQL
BQL
BaL

Reviewed by: _ g

Page 1
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PARADIGM ANALYTICAL LABORATORIES, INC,

Results for Volatiles
by GCMS 82100

Client Sample [D: £-02 Date Analyzed: 4/14/98
Client Project 1D: 01 003 0108 Analyzed By: MES
Lab Sample ID: 39358 Date Collected: 4/7/98
Lab Project [D: G247-1 Date Received: 4/8/98
Matrix: \Water Dilution: 100.0
Compound Quantitation Result
Limit {ug/L) {ug/L)
Styrene 50 BOL
1,1,1,2-Tetrachloroethane 30 BQL
1,1,2,2-Tetrachloroethane 50 BQL
Tetrachloroethene 50 210
Toluene : 50 BaL
1,2,3-Trichlorobenzene 50 BQL
1,2,4-Trichlorobenzene 50 BQL
Trichlorogthene 50 . B2
1.1,1-Trichloroethane 50 51
1,1,2-Trichieroethane 50 BQL
Trichiorofluoromethane 50 EBQL
1,2,3-Trichloropropane 50 BQL
1,2, 4-Trimethylbenzene 50 BQL
1,3,5-Trimethylbenzene 50 BGL
Vinyl chloride 50 BQL
m-, p-Aylene 100 BQL
o-Xylene 50 BQL
Surrogate Spike Recoveries Spike Surrogate
Added Result %Rec
Compound {ugiL) {ug/L)
Bromofluorobenzene 10.0 9.7 a7
1,2-Dichloroethane-d4 10.0 10 100
Toluene-dd 10.0 10 100

Comments:
All results are corrected for dilution.

Reviewed by; _gwf

Flags: BQL = Below Quantitation Limit Page 2



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 62100

Client Sample |D: P-02 Date Analyzed: 4/18/58
Client Preject 1D: 01 003 0109 Analyzed By: MES
Lab Sarmple D:; 39359 Date Collected: 4/7/98
Lab Project ID; G247-1 Date Recejved: 4/8/98
Matrix: Water Dilution: 1.0
Compound Quantitation Result
Limit (ug/L) {ug/L)
Benzene 05 BQL
Bromobenzene 0.5 BQL
Bromochlgromethane 0.5 BQL
Bromodichioromethane 0.5 BQL
Bromoform 0.5 BQL
Bromomethane 0.5 BOL
n-Butylbenzene 0.5 BQL
sec-Butylbenzene 0.5 BQL
tert-Butyibenzene 0.5 BQL
Carbon tetrachloride 0.5 BaQt,
Chlorobenzene 0.5 BQL
Chioroethane 0.5 BOQL
Chioroform 0.5 BQL
Chloromethans 0.5 BGL
2-Chiorotoluene 0.5 BaL
4-Chioroteluene 0.5 BGL
Dibromochioromethane 0.5 BQL
1,2-Dibromo-3-chloropropanse 5 BQL
Dibromomethane D.5 BQL
1,2-Dibromoethane (EDB) 0.5 BQL
1,2-Dichlorobenzene 0.5 BQL
1,3-Dichlorabenzene 0.5 BQL
1,4-Dichlorobenzene : 05 BQL
1,1-Dichloroethane 0.5 BQL.
1,1-Dichloroethene 0.5 BQL
1,2-Dichloroethane 0.5 BQL
cis-1,2-Dichloroethene 05 BQL
trans-1,2-dichloroethens 0.5 BQL
1,2-Dichloropropane 0.5 BQL
1,3-Dichloropropane 0.5 BQL
2,2-Dichloropropane 0s BQIL
1.1-Dichloropropene 0.5 BaL
Dichlorodifluoromeéthane 5 BQAL
Diisopropyl ether (DIPE) 0.5 EQL
Ethylbenzene 0.5 BQL
Hexachlorobutadiene 0.5 BQL
Isopropylbenzene 05 gaL
4-1sopropyltoiuene 0.5 BQL
Methylene chlaride 5 BQL
Methyl-tert-butyl ether (MTEE) 0.6 BAL
Naphthalene 0.5 BQL
n-Propyl benzene 0.5 BQL

Reviewed by Py’

Flags: BQL = Below Quantitation Limit Page 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Resuits far Volatiles
by GCMS 62100

Client Sample iD: P-03 Date Analyzed: 4/18/98
Client Project 1D:; 01 003 01089 Analyzed By, MES
tab Sample I 39359 Date Collected: 4/7/98
Lab Project ID; (G247-1 Date Received: 4/8/98
Matrix: Vater Dilution: 1.0
Compeoeund Quantitation Result
Limit (ug/L) {ug/L)
Styrene 0.5 BaL
1,1,1,2-Tetrachloroethane 0.5 BaL
1,1,2.2-Tetrachloroethane 0.5 BQL
Tetrachlorpethene 0.5 BGL
Toluene 0.5 BQL.
1,2,3-Trichlorobenzene 0.5 BQL
1,2, 4-Trichlorobenzene 0.5 BQL
Trichloroethene 0.5 BQL
1,1,1-Trichioroethane 0.5 BQL
1,1.2-Trichlorosthane 0.5 BaL
Trichlorofiuoromethane 8.5 BQL
1,2,3-Trichlaropropane 0.5 BQL
1.2,4-Trimethyfbenzene Q.5 BQL
1,3,5-Trimethylhenzene g.5 BQL
Vinyl chioride 0.5 BQL
m-,p-Xylene 1 8L
o-Xylene a.5 BQL
Surrogate Spike Recoveries Spike Surrogate
Added Resuit “%Rec

Compound (ug/L) (ugfL)
Bromoflugrobenzene 10.0 6.7 &7
1,2-Dichloroethane-d4 10.0 9.8 a8
Toluene-d8 10.0 8.9 89

Comments:
All results are corrected for diluticn.,

Reviewed by: _ o/

Flags: BQL. = Below Quantitation Limit Page 2



PARADIGM ANALYTICAL LABGRATORIES, INC.

Results for Volatiles

Client Sample 1D: P-04

by GCMS 82100

Client Project ID; 01 003 0109

Lab Sample ID; 38360
Lab Project ID:; (3247-1
Matrix: Water

Compound

Benzene
Bromobenzene
Bromachloromethane
Bromodichloromethane
Bromoform
Bromomethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon tetrachloride
Chlorobenzene
Chlaroethane
Chioraform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
Dibromochloromethane
1,2-Dibromg-3-chloroprapane
Bibromomethane
1,.2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,3-Dichiorobenzene
1,4-Dichlorabenzene
1,1-Dichlgroethane
1,1-Dichloroethens
1,2-Dichioroethane
cis-1,2-Dichloroethene
trans-1,2-dichioroethene
1,2-Dichlgropropane
1,3-Dichloropropane
2,2-Dichleropropane
1,1-Dichlorgpropene
Dichlorodifluoromethane
Diisapropy! ether (DIPE)
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
4-1sopropyltoluene
Methylene chiaride
Methyl-tert-butyl ether (MTBE)
Naphthalene

n-Fropyl benzene

Flags: BQL = Below Quantitation Limit

Quantitafion
Limit (ug/L)
0.5
0.5
0.5
05
0.5
0.5
0.5
05
0.5
05
0.5
0.5
0.5
0.5
05
0.5
0.5
5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5
0.5
0.5
0.5
0.5
0.5
5
0.5
0.5
05

Date Analyzed: 4/18/98
Analyzed By: MES
Date Collected: 4/7/38
Date Receivad: 4/8/398

Cilution: 1.0

Resuit
{ug/L)
BOL
BQL
BGQL
BQL
BQL
BQL
BGL
BQL
BGL
BQL
BaL
BQL
BaL
BQL
BQL
BQL
BQL
BQL
BGL
BGL
BOL
BaL
BQL
BaL
BGL
EQL
BalL
BQL
BaQL
BGL
BQL
BQL
BGL
BGL
BQL
BQL
BQL
BQL
BQL

1
0.6
BQL

Reviewed Dy _gay?

Page 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Resuits for Volatiles
by GGMS 62100

Client Sample 1D: P-04
Client Project ID; 01 003 0108
Lab Sample 10: 39380
Lab Project {D: G247-1
Matrix; Water

Compound

Slyrene
1,1,1.2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluena
1,2,3-Trichlorobenzene

1,2, 4-Trichlorobenzene
Trichloroethene
1.1,1-Trichloraethane
1,1,2-Trichioroethane
Trichlorofluoromethane
1.,2,3-Trichloropropane
1,2,4-Trimethylbenzens
1,3,5-Trimethylbenzene
Vinyl chloride
m-,p-Xylene

o-Xylene

Surrogate Spike Recoveries

Campound
Bromofiuorobenzene
1,2-Dichloroethane-d4
Toluene-d3

Comments:
All results are corrected for difution.

Quantitation
Limit (ug/L.)

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
0.5
0.5
0.5
05
0.5
1
05

Spike
Added
(ug/L)
10.0
10.0
10.0

Date Analyzed: 4/18/98
Analyzed By: MES
Date Collected: 4/7/98
Date Received: 4/8/98

Dilution: 1.0

Result
{ug/l)
BQL
BQL
EQL
BGL

BGL
BOL
BaL
BQL
BaL
BQL
BQL
BaL
BQL
BOL
BaL
Bal

Surrogate ‘
Result %Rec
(ug/t)
6.7 87
12 120
9.8 898

Surrogate failure cannot be confirmed due to limited sample volume.

Flags: BQL = Below Quantitation Limit

Reviewed by _ga/

Page 2



PARADIGM ANALYTICAL LABORATORIES, INC.

Results far Volatiles
by GCMS 62100

Client Sample 1D: P-05 Date Analyzed: 4/18/98
Client Project [D: 01 003 0108 Analyzed By: MES
Lab Sampie ID: 39381 Date Collected: 4/7/98
Lab Project 1D: G247-1 Date Received: 4/8/98
Matrix: Water Dilution: 1.0
Compound Quantitation Fesult
Lirnit {ug/L) {ug/L)

Benzene 0.5 BGQL
Bromobenzene 0.5 BalL
Bromochloromethane 0.5 BGQL
Bromaodichloromethane 0.5 BQL
Bromoform 0.5 BQL
Bromomethans a.s BaQL
n-Butylbenzenea 0.5 BGL
sec-Butylbenzene 0.5 BaL
tert-Butylhenzene 05 BaL
Carbon tetrachloride 0.5 BQL
Chicrobenzene 0.5 BQL
Chiorogthane 0.5 BQL
Chloroform 05 BaL
Chioromethane 0.5 BQL
2-Chlorotoluene 0.5 BQL
4-Chiorotoluenea 0.5 BQL
Dibromochloromethaneg 0.5 BGL
1,2-Dibromeo-3-chicropropane 5 BQL
Dibromornethane 0.5 BQL
1,2-Dibromoethane {EDB) 0.5 B
1,2-Dichlorobenzene 0.5 BGL
1,3-Dichlorobenzene 05 BQL
1.4-Dichlorobenzenea 0.5 BQL
1,1-Dichioroethane 0.5 Bal
1,1-Dichioroethene 0.5 ‘ 0.6
1,2-Dichloroethane 0.5 Bal.
¢is-1,2-Dichloroethene 0.5 1
trans-1,2-dichloroethene 0.5 BOL
1,2-Dichioropropane 0.5 BQlL
1,3-Dichloropropane 0.5 BQL
2 2-Dichloropropang 0.5 BaQL
1,1-Dichioropropene 0.5 BQL
Dichlorodifluoromethane 5 BQL
Diisopropyl ether (DIPE) 0.5 BaL
Ethylbenzene 0.5 BQL
Hexachlorobutadiena 0.5 BQL
isopropylbenzene 0.5 BQL
4-|sopropyltoluene 0.5 BQL
Methylene chloride 5 BQL
Methyl-tert-butyl ether (MTBE) 0.5 BQL
Naphthalene 0.5 BGQL
n-Propyl benzenea 0.5 BaL

Reviewed by: _gw#

Flags: BQL = Below Quantitation Limit Page 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Voiatiles
by GCMS 62100

Client Sample I1D: P-05 Date Analyzed: 4/18/98
Client Project [D: 01 0G3 0109 Analyzed By: MES
Lab Sample ID; 39361 Date Collected: 4/7/98
Lab Project I1D; G247-1 Date Received: 4/8/28
Matrix: Water Dilution: 1.0
Compound Quantitation Result
Limit {ug/L) {ugil.)
Styrene 0.5 BQL
1.,1,1,2-Tetrachioroethane 0.5 BQL
1,1.2 2-Tetrachioroethane 0.5 BQL
Tetrachloroetheng 0.5 2
Toluene 0.5 BGL
1,2,3-Trichlorobenzene 0.5 BQL
1,2,4-Trichlorobenzene .5 BQL
Trichioroethene 05 13
1,1,1-Trichlorpethane 0.5 BQL
1,1.2-Trichloroethane 0.5 BaQL
Trichorofluoromethane 0.5 BQL
1,2,3-Trichlaropropane 0.5 BaL
1,2,4-Trimethylbenzene 0.5 BQL
1,3,5-Trimethylbenzene 0.5 BQL
Vinyl chloride , 0.5 Bal
m-,p-Xyiene 1 BGL
o-Xylene 0.5 BQL
Surrogate Spike Recoveries Spike Surrogate
Added Result %Rec
Compound (ug/L) (ug/L)
Bromofluorobenzene 10.0 6.8 68
1,2-Dichloroethane-d4 10.0 12 120
Toluene-d8 10.0 7.7 77

Comments:
All results are corrected for dilution.
Surrogate failure cannot be confirmed due fo limited sample volume.

Reviewed by: _ ../

Flags: BQL = Below Quantitation Limit Fage 2




PARADIGM ANALYTICAL LABORATORIES, INC,

Results for Volatiles
by GCMS 62100

Client Sample 1D: P-06 Date Analyzed: 4/18/98
Client Project [D; 01 003 0109 Analyzed By: MES
Lak Sample 1D 39362 Date Collected: 4/7/98
Lab Project ID: G247-1 Date Received: 4/8/98
Matrix: Water Dilution; 1.0
Compound Quantitation Result
Limit (ug/L) (ug/L)
Benzene 0.5 BQL
Bromobenzene 0.5 BQL
Bromochloromethane 0.5 BQL
Bromodichloromethane 0.5 BQL
Bramgform 0.5 BQL
Bromomethane 0.5 BQaL
n-Butylbenzene 0.5 BQL
sec-Butylbenzene 0.5 BaL
tert-Butyibenzene 0.3 BaL
Carhon tetrachiorde 0.5 BalL
Chiorobenzene 0.5 BQL
Chioroethane 0.5 BQL
Chloroform 0.5 BQL
Chioromethane 0.5 BQL
2-Chlorotoluene 0.5 BGQL
4-Chlorotoluene 0.5 BQL
Dibromochioromethane 0.5 BQL
1,2-Dibromo-3-chioropropane 5 BQL
Dibromomethane 0.5 BQL
1,2-Dibromoethang (EDB) 0.5 BQL
1,2-Dighlorobenzene 0.5 BQL
1,3-Dichlorobenzene 0.5 BQL.
1,4-Dichlorobenzene 0.5 BQL
1,1-Dichloroethane 0.5 BQL
1,1-Dichloroethene 0.5 2
1,2-Dichloroethane 05 BQL
gis-1,2-Dichloroethene 0.5 BQL
trans-1,2-dichleroethene 0.5 BQL
1,2-Dichloropropane 0.5 BQL
1,3-Dichlorocpropane 0.5 BGL
2,2-Dichloropropane 0.5 BQL
1.1-Dichioroprapene 0.5 BOL
Dichlorodifluoromethane 5 ‘BAL
Dilsopropy! ether (DIPE) 0.5 BaL
Ethylbenzene 0.5 Bl
Hexachiorobutadiene 0.5 BOL
isopropylbenzene 0.5 BQL
4-|sopropyltoiuene 0.5 BQL
Methylene chloride 5 Bal.
Methyl-tert-butyl ether (MTEE) 0.5 BQL
Naphthalene 0.5 BalL
n-Propyl bénzene ' 0.5 BQIL

Reviewed by: _g~p

Flags: BQL = Below Quantitation Limit Page 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volaties
by GCMS 82100

Client Sample ID; P-0§
Client Project 10: 01 003 0108
Lab Sample |1D: 39362
Lab Project |D. G247-1
Matrix: Water

Compound

Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachioroethane
Tetrachloroethene
Toluene

1,2, 3-Trichlorobenzene
1.2, 4-Trichlorobenzene
Trichloroethene
1,1,1-Trichioroethane
1,1,.2-Trichloreethane
Trichlorofivoromethane
1,2,3-Trichiorapropane

1,2, 4-Trirmethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
m-,p-Xylene

o-Xylene

Surrogate Spike Recoveries

Compound
Bromofiuorabenzene
1.2-Dichloroethane-d4
Toluene-d3

Comments:
All results are corrected for dilution.

Quantitation
Limnit {ug/L)

0.5
0.5
0.8
0.5
0.5
0.5
0.5
0.5
a.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5

Spike

Added

(ug/L)
10.0
10.0
10.0

Date Analyzed: 4/18/98
Analyzed By: MES
Date Collected: 4/7/28
Date Received: 4/8/08

Dilution: 1.0

Result
(ug/L)
BaL
BQL
BaL

BQL
BQL
BaQL

BQL
BQL
BQL
BQL
BQL
BQL
BOL
BQL
BaQL

Surrogate
Resylt %Rec
(ug/L}
6.2 62
10 100
6.6 66

Surrogate fajlure cannot be confirmed due to limited sample volume,

Flags: BQL = Below Quantitation Limit

Reviewed by; _ 2.y

Page 2



PARADIGM ANALYTICAL LABORATORIES, INC,

Resuits for Volatiles
by GCMS 210D

Q Client Sarmpfe 1D: Trip Blank Date Analyzed: 4/10/98
Client Project ID: 01 003 0109 Analyzed By: MES
Lab Sarmple 1D:; 39383 Date Collected: 4/7/98
Lab Project ID: G247-1 Date Received: 4/8/98
Matrix: Water Dilution: 1.0
Compound Quantitation Result
Lirmit (ug/L) (ug/l)
Benzene 0.5 BQL
Bromobenzene 0.5 BOl.
Bromochjoromethans 0.5 BQL
Bromodichioromethane 0.5 BOL
Bromoform 0.5 BQL
Bromomethane 0.5 BaL
n-Butylbenzens 0.5 BaL
sec-Butylbenzene 0.5 BQL
tert-Butylbenzene 0.5 BQL
Carbon tetrachloride 0.5 BQL
Chiorobenzene 0.5 BGL
Chloroethane 0.5 BOL
Chlaroform 0.5 BabL
Chloromethane 0.5 BaL
2.Chlorotoluene 0.5 BQiL.
4-Chlorotoiuene 0.5 BaL
Dibromochloromethane 0.5 BQL
" 1,2-Dibromo-3-chloropropane 5 BQL
Dibromomethane 0.5 BQL
1,2-Dibromoethane (EDB) 0.5 BQL
1,2-Dichiorobenzene 0.5 BGQL
1,3-Dichlorobenzene 0.5 BQL
1.4-Dichlorobenzene 0.5 BaL
1,1-Dichlgroethane 0.3 BQL
1,1-Dichioroethene 0.5 BQL
1,2-Dichloroethane 0.5 BQL
cis-1,2-Dichloroethene 0.5 BQL
trans-1,2-dichioroethene 0.5 BQL
1,2-Dichioropropane 0.5 BGL
1,3-Dichlorepropane 0.5 ‘ BQL
2,2-Dichloropropane 0.5 BQL
1,1-Dichloroprapene 0.5 BQL
Dichlorpdifluoromethane 5 BaQL
Diisopropyt ether (DIPE) 0.5 BQL
Ethylbenzene 0.5 BGQL
Hexachlorobutadiene 0.5 BQL
isopropylbenzene 0.5 BaL
4-1sopropyltoluene 0.5 BQL
Methytena chioride 5 BaL
Methyl-ter-butyl ether (MTBE) 0.5 BQL
Naphthaiene 05 BQL
,?O n-Propyl benzene 0.5 BGL

Reviewed by: &4

Flags: BQL = Below Quantitation Limit Page 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 82100

m Client Sample |1D: Trip Blank
Client Project |D: 01 003 0709
Lab Sample [D: 39363
Lab Project 1D; G247-1
Matrix: Water

Compound

Styrene
1,1,1,2-Tetrachloroethane
1.1,2,2-Tetrachloroathane
Tetrachioroethene
Toluene
1.2,3-Trichlorobenzene
1,2,4-Trichiarcbenzene
Trichloroethens
1,1,1-Trichloroethane
1,1,2-Trichloraethane
Trichiorofluorormethane
1.2,3-Trichloropropane

1,2, 4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
m-,p-Xylene

M o-Xylena

Surrcgate Spike Recoveries

Compound
Bromofluorobenzene
1,2.Dichloroethane-d4
Toluene-d8

Comments:
All results are corrected for dilution.

Flags: BQL = Below Quantitation Limit

Quantitation
Limit {ug/L})
0.5
05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5

Spike

Added

(ug/L)
10.0
10.0
10.0

Date Analyzed: 4/10/98
Analyzed By: MES
Date Collected: 4/7/98
Date Received: 4/8/98

Dilution: 1.0

Result
(ug/l.)
BQL
BQL
BQL
BaL
BaL
BQL
BQL
BQL
BQL
gaL
BaL
BQL
BaL
BQL
BQL
BQL
BQL

Surrogate

Result %Rec

(ug/L)
10 100
11 110
10 100

Reviewed by: _ga#
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PARADIGM ANALYTICAL LABORATCRIES, INC.
2627 Northchase Parkway S.E.
Wilmington, North Carolina 28405
(910) 330-1903
Fax {910) 350-1557

Mr. Mike Haseltine Date 05-22-98
Triangle Environmental

295A N. Green Meadows Dr.

Wilmington N,C 28405

Report Nurnber: G 247-4
Client Project Number ; 01-003-0109
Dear Mr. Haseltine;

tnclosed are the resulis of the analvtical services performed under the
referenced project. Copies of this report and supporting data will be retained in
our files for a period of five years in the event they are required for future
reference. Any samples submitted to our laboratory will be retained for a
maximum of thirty (30) days from date of this report unless other arrangements
are requested.

If there are any questions about the report or the services performed during this
project, please call for assistance. We will be happy to answer any questions or
concerns which you may have.

Thank you for using Paradigm Analytical Labs for your analytical service
projects. We look forward to working with you again on any additional needs
which you may have.

Sincerely,

Paradigm Analytical Laboratories

Laboratory Director
Mark Randall

North Carolina Wastewater Certification #481



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles

Client Sample 1D GP-S( SRl
Client Project ID: $1-003-0109

Lab Sample iD; 41213
Lab Project 1D: (5247-4
Mairix: VWater

Compound

Benzene
Bromobenzene
Bromochloromethane
Bromodichioromethane
Bromoform
Bromomethane
n-Butylbenzene
sec-Butyibenzene
tert-Butyibenzene
Carbon tetrachtoride
Chlorobenzens
Chlorosthane
Chioroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
Bibromochioromethane
1,2-Dibromo-3-chloropropane
Dibrormomethane
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,3-Dichlorobenzene

1 4-Dichlorobenzene
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorpethane
cis-1,2-Dichloroethene
trans-1,2-dichioroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
Dichicrodifluaromethane
Diisoprapyi ether (DIPE)}
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
4-isopropyitoluene
Methylene chloride
Methyl-tert-butyl ether (MTBE)
Naphthalene

n-Propy! benzene

Flags: BQL = Below Quantitation Limit

by GCMS 62100

Quantitation
Limit (ug/L)
0.5
0.5
a.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5
0.5
.5
0.5
0.5
0.5
0.5
0.5
0.5
Q.5
0.5
0.5
0.5
0.5
0.5
5
0.5
0.5
0.5
0.5
0.5
5
0.5
Q.5
0.5

Date Analyzed
Analyzed By
Date Collected
Date Received
Dilution

; 5/19/98
: MES

1 5/12/98
: 5/13/98
1.0

Result
{ugil)
BQL
8QL
BQL
BOL
BQL.
8aL
BQL
BQL
BQL
BQL
BaQL
BQL
BQL
BOQL
BGQL
BQL
BQL
BQL
BQL
BQL
ool
EQL
BQL
BQL
BQL
BGL
gal,
BaL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BoL
BGL
Zlmll
BQi
BOL

Reviewed by: P

Fage 1



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 62100

Client Sample ID: GP-8 { r'\ﬂ} Date Analyzed: 5/18/98
Client Project 1D: 01-003-0109 Analyzed By: MES
Lab Sample 1D: 41213 Date Collected: 5/12/98
Lab Project ID: G247-4 Date Received: 5/13/98
Matrix; Water Dilution: 1.0
Compaound Quantitation Result
Limit (ug/l) {ug/l)
Styrene 0.5 BQr
1,1,1,2-Tetrachloroethane .05 BQL,
1,1,2,2-Tetrachloroethans 0.5 BQL
Tetrachloroethene 0.5 BGiL
Toluene Q.5 Bal.
1,2,3-Trichlorohenzene 0.5 BGL
1.2.4-Trichlorobenzene 0.5 BQL
Trichloroethene 0.5 BQL
1.1,1-Trichloroethane 0.5 BaL
1,1,2-Trichloroegthane 0.5 BQL
Trichloraflugromethane 0.5 BQL
1,2,3-Trichloropropane 0.5 BQL
1,2,4-Trimethylbenzene 0.5 BQL
1,3,5-Trimethyibenzene 0.5 BOL
Vinyl chioride 0.5 BQL
m-,p-Xylene 1 BQL
o-Xylens 0.5 BQL
Surrogate Spike Recoveries Spike Surrogate
Added Result % Rec

Compound {ug/L) {ug/L)
Bromofluorobenzene 10.0 8.8 BB
1,2-Dichloroethane-d4 10.0 8.2 82
Toluene-d8 10.0 9.3 23

Comments:
All results are corrected for dilution.

Reviewed Dy: geen

Flags: BQL = Below Quantitation Limit Page 2



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Valatiles
by GCMS 62700

S II
Client Sample ID: GP-9 | i"—~ ey Date Analyzed: 5/19/98
Client Project iD: 01-003-0109 Anatyzed By: MES
Lab Sample ID; 41214 Date Collected: 5/12/98
Lab Project ID: G247-4 Date Received: 5/13/93
Matrix: Water Dilution: 1.0
Coempound Quantitation Resuit
Limit {ug/L) {ugiL)
Benzene 0.5 BQL
Bromobenzene 0.5 BQL
Bromochioromethane 0.5 BQL
Bromadichioromethane 0.5 BQL
Bromoform . 0.5 BQL
Bromomethane 0.5 BQL
n-Butylbenzene 0.5 BQL
sec-Butylbenzene Q.3 BQi.
tert-Butylbenzene 0.5 BQL
Carbon tetrachloride 0.5 BQL
Chlorobenzene 0.5 BQL
Chioroethane 0.5 BaL
Chioroform 0.5 BQL
Chlaramethane 0.5 BQL
2-Chiorotoluene 0.5 BQL
4-Chlorotoluene 0.5 BGL
Dibromochicromethana 0.5 BQL
1,2-Dibromo-3-chloropropane 5 BGQL
Dibramomethane 0.5 Bl
1,2-Dibrormoethans (EDE) 0.5 BaL
1,2-Dichiorobenzene Q.5 BQL
1,3-Dichlorobanzene 0.5 BOL.
1,4-Dichlorobenzene 0.5 BOL
1,1-Dichlorpethane 0.5 BQL
1,1-Dichioroethene a.5 3
1.2-Dichioroethane 0.5 BaL
cis-1,2-Dichioroethene 0.6 BGL
trans-1,2-dichloroethene 0.5 BQL
1,2-Dichioropropane 0.5 BQL
1,3-Dichloropropane 0.5 BQL
2,2-Dichiorepropane .5 BaQL
1,1-Dichioropropene 0.5 BOL
Dichlorodifluoromethane [} BaQL
Diisopropyl ether (DIPE) 0.5 BQL
Ethylbenzeng 0.5 BQL
Hexachlorobutadiene 0.5 BQL
lsopropyibenzene 05 BOL
4-l1sopropyltoluene 0.5 BGL
Methylene chioride 5 BQL
Methyl-tert-buty! ether (MTBE) 0.5 8aL
Naphthalene 0.5 BQL
n-Fropyl benzene 0.5 BQL

Reviewed by e

Flags: BQL = Below Quantitation Limit Page 1



PARADIGM ANALYTICAL LABORATORIES, INC,

Results for Volatiles
by GCMS 62100

Client Sample |D: GP-9 ("?.g\} Date Analyzed: 5/19/98
Client Project 1D: 01-003-0109 Analyzed By: MES
Lab Sample 1D: 41214 Date Collected: 5/12/98
Lab Project |10 G247-4 Date Received: 5/13/98
Matrix: Water Ditution: 1.0
Compound Quantitation Result
Limit {ug/L) (ug/L)
Styrene 0.5 BaL
1,1,1,2-Tetrachloroethane 0.5 BQL
1,1,2,2-Tetrachloroethane 0.5 BQL
Tetrachioroethene 0.5 B8QL
Toluene 0.5 0.8
1.2,3-Trichlorobenzene 0.5 BQL
1,2,4-Trichlorobenzene 0.5 BQL
Trichloroethene 0.5 2
1,1,1-Trichloroethane 0.5 BQL
1,1 2-Trichlorvethane 3.5 BQL
Trichiorofluoromethane 0.5 BaQL
1,2,3-Trichloropropane 0.5 BOL
1.2, 4-Trimethylbenzene 0.5 BOL
1,3,5-Trimethylbenzene 0.5 BAL
Viny! chloride 0.5 BQL
m-,p-Xylene 1 sQL
o-Xylene 0.5 BQL
Surrogate Spike Recoveries Spike Surrogate
Added Rasult %Rec
Compound (ug/L) (ug/L)
Bromofluorohenzene 10.0 8.9 89
1,2-Dichloroethane-d4 10.0 8.3 a3
Toluene-da 10.0 04 o4

Comments:
All results are corrected for dilution.

Reviewed by: Ju,,

Flags: BQL = Below Quantitation Limit Page 2



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 82100

Client Sample ID: GP-10 ( w- 4 ) ) Date Analyzed: 5/19/98
Client Project ID; 01-003-0109 Analyzed By: MES
Lab Sample ID: 41215 Date Collected: 5/12/98
Lab Project [D: G247-4 Date Received: 5/13/98
Matrix: \Water Rilution: 1.5

Compound Quantitation Result
Limit (ug/L) {ug/L)
Benzene 0.77 BQL
Bromobenzene 077 BQL
Bromochloromethane Q.77 eQL
Bromadichloromethane 0.77 BQL
Bromoform 0.77 BQL
Bromomethane 0.77 BQL
n-Butyibenzene 0.77 BQL
sec-Butylbenzene 0.77 BOL
tert-Butylbenzene 0.77 BQL
Carbon tetrachlioride 0.77 BQL
Chlerobenzene 0.77 BOIL
Chleroethane 0.77 BQL
Chioroform 0.77 BaL
Chioromethane 0.77 BQOL
2-Chiorotoluene 0.77 8aLl
4-Chiorotoluena 0.77 BGL
Dibromochloramethane 0.77 BOL
1,2-Dibromo-3-chloropropane 7.7 BOL
Dibrormomethane 0.77 BAQL
1,2-Dibromoethane (EDB) 0.77 Bal
1,2-Dichlorobenzene 0.77 BQL
1,3-Dichlorobenzene 0.77 BQL
1,4-Dichlorobenzene 0.77 BQL
1,1-Dichloroethapne 0.77 BQL
1,1-Dichloroethene 0.77 BQL
1,2-Dichloroethane 0.77 BQL
cis-1,2-Dichloroethene 0.77 BQL
trans-1,2-dichloroethene 0.77 BaL
1,2-Dichioropropane Q.77 BQL
1,2-Dichloropropane 0.77 BQL
2,2-Dichloropropane 0.77 ‘ BQL
1,1-Dichioropropene 0.77 BOL
Dichloredifluoromethane 7.7 BQL
Diisopropy! ether (DIPE) 0.77 Bal.
Ethylbenzene 0.77 BOL
Hexachlorabutadiene 0.77 BQL
lsopropylbenzene 0.77 BQL
4-isopropyltaluene 0.77 BOQL
Methylene chloride 7.7 BQL
Methyl-tert-butyl ether (MTBE) 0.77 BQL
Naphthalene 0.77 BQL
n-Propy! benzene 077 BaL

Reviewed by: fz
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PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 627100

Client Sample ID: GP-10 { ¥4 ) Date Analyzed: 5/19/98
Client Project 1D: 01-003-0109 Analyzed By: MES
Lab Sample ID; 41215 Date Collected:; 5/12/98
Lab Project iD: G247-4 Date Received: 5/13/88
Matrix; Water Dilution: 1.5
Compound Quantitation Result
Limit {ug/L) (ugfl)
Styrene 0.77 BQL
1,1,1,2-Tetrachloroethane 0.77 BQL
1,1,2,2-Tetrachloroethane .77 BaL
Tetrachioroethene 0.77 BQL
Taluene 0.77 BQlL
1,2,3-Trichlorobenzene 0.77 8aL
1,2.4-Trichlorabenzene ‘ 0.77 Bal
Trichloroethene 0.77 BQL
1,1,1-Trichloroethane 0.77 BOL
1,1,2-Trichioroethane 0.77 BQL
Trichlerofluoromethzne Q.77 BQtL
1,2,3-Trichloropropane 0.77 BQL
1,2,4-Trimethylbenzena Q.77 BGQL
1,3,5-Trimethylbenzene 0.77 BQL
Vinyl chioride 0.77 BQL
m-, p-Xylene 1.5 BQL
o-Xylene 0.77 BOL
Surrogate Spike Recoveries Spike Surrogate
Added Resuit %Rec

Compound {ug/L) {ug/L)
Bromoftuorobenzene 10.0 88 38
1,2-Dichloroethane-d4 : 10.0 7.7 77
Toluene-d8 10.0 : 39 a9

Comments;
All results are corrected for dilution.
Diluted due to limited sample volume.

Reviewed by i

Fiags: BQL = Below Quantitation Limit Page 2
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PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 62100

Client Sample |D: Trip Blank Date Analyzed: 5/19/98
Client Project 1D 01-003-0108 Analyzed By: MES
Lab Sample |ID: 41216 Date Collected: 5/12/98
Lab Project |D:; G247-4 Date Received: 5/13/98
Matrix: Water Dilution: 1.0

Compound Quantitation Rasult
Limit {ug/L) (ug/L)
Benzene 0.5 BQL
Bromobenzene 0.5 2oL,
Bromochloromethane 045 BAl,
Bromodichloramethane ‘ 0.5 BQL
Bromoform 0.5 BQL
Bromomethane Q.5 BQL
n-Butylbenzene 0.5 BOL
sec-Butylbenzene 0.5 ' BQL
tert-Butylbenzene 0.5 BQL
Carbon tetrachloride Q.5 BQL
Chiaorobenzene 05 BQL
Chloroethane 0.5 BQL
Chlorofarm 05 BGL
Chlaromethane 0.5 BaL
2-Chlorotolueng 0.5 BaQlL.
4-Chiorotoluena 05 BGL
Dibramochloromethane 0.5 BQL
1,2-Dibromo-3-chioropropane 5 BaL
Dibromomethane 0.5 BQL
1.2-Dibromoethane (EDB) 0.5 BQL
1,2-Dichlorobenzéne 0.5 BQL
1,3-Dichlorobenzene 0.8 BQL
1,4-Dichiorobenzens 0.5 BQL
1,1-Dichloroethane 0.5 BQL
1,1-Dichioroethens 0.5 BGL
1.2-Dichloroethane 0.5 Bal
cis-1,2-Dichlgroethene 0.5 BOL
trans-1,2-dichloroethene 6.5 BQL
1,2-Dishloropropane 0.5 BQL
1,3-Dichleropropane 0.5 BOL
2 2-Dichlorapropane 0.5 BQL
1,1-Dichloropropens 0.5 BaL
Dichlerodifiuoromethane 5 BaL
Diisopropy| ether (DIPE) 0.5 BQL
Ethylbenzenes 0.5 BOL
Hexachlorabutadiens 0.5 BQL
Isopropylbenzene 0.5 BQL
4-lsopropyltoluene 0.5 BQL
Methylene chloride 5 BQL
Methyl-tert-butyl ether (MTBE) 0.5 BaL
Naphthalene 8.5 BQL
n-Fropyl benzene 0.5 BQL

Reviewed by: ..

Flags: BQL = Below Quantitation Limit Page 1



PARADIGM ANALYTICAL LABORATORIES, INC,

Results for Voiatiles
By GCMS 62100

Client Sampie 1D: Trip Blank
Client Project ID; 01-003-0109
Lab Sampie ID; 41216
Lab Project ID; G247-4
Matrix; Water

Compound

Styrene

1.1,1 2-Tetrachioroethane
1,12 2-Tetrachloroethane
Tetrachioroethene
Toluene
1,2,3-Trichlorobenzene

1.2, 4-Trichlorobenzene
Trichloroethene
1,1,1-Trichloroethane
1.1.2-Trichloreethane
Trichlorofluaromethanea
1,2,3-Trichioropropane

1.2 4-Trimethylbenzene
1.3,5-Trimethylbenzene
Vinyl chionde
m-,p-Xylene

o-Xylens

Surrogate Spike Recoveries
Compound
Bromofluorobenzene
1,2-Dichloroethane-d4
Toluene-g8

Comments:
All rasults are corracted for dilution,

Flags: BQL = Below Quantitation Limit

Quantitation
Limit {ug/L)
0.5
0.5
0.5
05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5

Spike
Added
(ug/L)
10.0
10.0
10.0

Date Analyzed: 5/19/498
Analyzed By: MES
Date Collected: 5/12/98
Date Received: 5/13/98

Dilution: 1.0

Result
(ug/L)
BQL
BQL
BaL
BQL
BQL
BaQL
BQL
BQL
BAL
BQL
BQL
BQL
BQL
BQL
BaQL
BQL
BQL

Surrogate

Resuit %Rec

{ug/L)
9.7 97
10 100

8.7 97

Reviewed by: P,

Page 2
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HYDROLOGIC, INC. %)
; S 4
v wzh, W
® %
ANALYTICAL AND QUALITY CONTROL REPORT
Mike Haseltine as/oe/19se
ALCATEL
2512 Wake Foresat Road
Raleigh, N 27605
HydroLeogic Job Number: 58,0339%
Encleoged iz the Analytical and Quality Control Reporta for the
following samples submitted to Hydrolegie - Frankfort for analysis:
Project Description: B8-1153
Sampla Date Date
Nymber Sample Description Matrix Sampled Received
21345 FIELD BLANK WATER 0B/14/1558 08/18/1998
21346 L-1 WATER 08/13/1%%8  (QB/18/193%
2135 MW-15% WATER 08/14/15393 08/18/1998
21366 MW-15D WATER 0a/14/1%88  08/18/1%s4a
21419 BX-1a SPIL 08/13/1898 08/18/1998
22420 BK-1B 80IL 08/13/1598 cg/18/lgsza
221 BE-ZA SQIL 6g/13/19858 0&/18/1858
i< BK-3E 2CIL ge/13/189%8 o0g8/le/lsssa
233 BK-3A SOIL 08/13/15598 p&e/148/1558
21424 PBK-3B SOTL 0R/13/1.998 08/18/1998
22425 MW-135 WATER, a8/13/1%%8 0eB/18/13%98
21424 MW-105 WATER NE/14/193a8 08/1l8/1594
21427 MW-58K WATER 08/14/19%8 08/18/19%8
21428 MW-3DK WATER 08/14/1598 Q8/18/1938
21429 MW-128 WATER 0d/14/15%98  0B/18/19%98
11430 MW-14D WATER 0e/14/1958 (Q8/18/195%8
The Quality Control report is generated on a batch basis, All

infermation contained in this report is for the analytical barch{es)

in which your sample(s) wers analyzed.

initiated at 8:00 a.m. unless otherwise flagged on report.

All anlytical patchles) are

All samples were amalyzed according to the RCRA guidelines described

in ESW-845.

NPDES recnulationg,

and

Examination of Water and Wastewate:r.

Srandard Methods

for the

Pout-it* Fax Note 7671 |Pate {ges®
Y M Frem (s ) ,
Co/Dapt. Ca. Project Repressntative
"Phetie & Phong #
Fax # Fax ¢ f 34
P ey S

e o [FORT, KY 40507
502-223-0251 FAX; 502-875-8018 7 TOLL FREE 800-728-2257
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ANALYTICAL AND QUALITY CONTROL REPORT

by

Mike Hasgeltjine gs/oa/19498
ALCRTEL

2812 Wake Forest Road

Raleigh, NG 27603

OydroLogic Job Number: 98.02335

Encloged is the Analytical and Quality Control Reporcts <for the
following samples submitted to Bydrolegic « Frankfort for analysis:

Droject Descoription: 98-1188

Sample Date Date
Numpber Sample Doscription Matrix Samnmled Received
21431 MW-7D WATER 08/14/1598 05/18/1938
21432 MW-45 WATER ga/l4/1998 08/13/1s9n
21433 FIELD BLANK WATER 08/14/185%8  08/18/1558
21434 MW-4D WATER 08/14/15998 08/l8/1998

®

The gQuality Control report is generated on a batch basis. All
informaticn contained in this report is for the analytical batch{es)
in which your gample(s) were analyzed. All anlytical batchles) aze
initiated at 8:00 a.m. unless otherwise flagged on report.

All samples were analyzed according to the RCRA gui i '

: ‘ guidelines described
in SW-846, NPDES regulations, and Standard Methods €for the
Bxamination of Water and Wastewatel.

Project Representative

Page 2 of 34

1497 TWILIGHT TRAIL FRANKFORT, Y 40801
502-223-0251 FAX: S02-875-8016 / TOLL FREE &00-728-2251
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"" LIBRARY SEARCE REPORT o 1

ALCATEL 03/08/1898
Mike Haseltine ‘
2912 Wake Foresh Rdad

Raleigh, NC 27609

EydrelLogic Joh Number: D8_02138 Matrix Type: WAIER

Cliene Pwajeckt ID: S8-1158

Tenatively Tdentifiad TIC Bacimated
Cempound Fumbar Uoncentration Unita Plags ‘
SAMPLE NO. SAMPLE DESCRIFTION DATE-TIME SAMPLED
21346 L= 17:00
Valatile Library Search 88901 ‘

WD TICE FOUND

* |

) Page 34 af 34

1431 TWILIGHT TRAIL FRANKFORT, KY 40501 ‘
502-223-0261 FAX,: S02-875.-8016 / TOLL FREE BOO-728-2251
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PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Inorganics

Client Sample ID;  GP-01 Analyzed By: JMF
Client Project [D: 01003 0109 Date Collected:  4/6/98
Lab Sample I1D: 39353 Date Received:  4/8/98
l.ab Project |D: G247-1 Matrix: Sail
Solids  94.59
Metals Result Quantitation Units Procedure Date
Limit Analyzed
Copper 3.73 1.01 MG/KG B010A 4/19/98
Lead 2.40 1.01 MG/KG 5010A 4/19/98
Comments

BQL = Below Quantitation Limits

Reviewed By, _ 2.7



PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Inorganics

Client Sample ID:  GP-02 Analyzed By: JMF
Client Project ID: 01 003 0109 Date Collected:  4/6/98
Lab Sample ID: 39354 Date Received:  4/8/98
Lab Project ID; G247-1 Matrix: Sail
Solids 89.80
Metais Result Quantitation Units Procedure Date
Limit Analyzed
Copper 2.56 1.05 MG/KG B5010A 4/19/93
Lead BQL 1.06 MG/KG 6010A 4/19/98
Comments

BQL = Below Quantitation Limits

Reviewed By. _



PARADIGM ANALYTICAL LABORATORIES, INC,

Results for Volatiles

by GCMS 82608
Client Sample 1D GP-02 Date Analyzed: 4/13/88
Client Project ID: 01 003 0102 Analyzed By, MES
Lab Sample ID; 39354 Date Collectad: 4/5/98
Lab Projecet ID; G247-1 Date Received: 4/8/98
Matrix. Soif %Solids; 89.8 Dilution: 1
Campound Quattitation Resuit
Limit (ug/KG) (ug/KG)

Acetone 56 BQL
Acrolein 110 BQL
Acrylonitrile 110 BQL
Benzena 11 ' Bal
Bromaobenzene 11 BGL
Bremechloramethana 11 BAQL
Brormodichioromeathane 11 BQL
Bromoform 11 8al
Brarnomethane 11 BCQIL
2-Butanone 28 BQl
r-Butylbenzens 11 BQL
sec-Butylbanzane 11 BQL
tert-Butylbenzens 11 BalL
Carbon disulfide 11 BQL
Carbon tetrachloride ah| Bl
Chlorobenzene 11 BQL
Chiecroethane 11 BaQL
2-Chloroethyl vinyl ether 11 BaL
Chioroform 11 BQL
Chloromethane 11 BAQL
2-Chlorotolusne 11 BQL
4-Chleroteiuene 11 BQL
Dibromochioramethane 11 BQL
1,2-Dibrome=-3-chioropropane 11 BQL
Dibromemethane el BQL
1,2-Dibromuoethane (EDB) 11 BQL
1,2-Dichlorobenzene 11 BGQL
1,3-Dichlorobenzena 11 BaL
1,4-Dichlarcbenzens 11 BaL
trans-1,4-Dichloro-2-butene 11 BQL
1,1-Dichlorasthane 11 BaL
1,1-Dichloroethene 11 BGL
1,2-Dichloroethane 11 BQL
cis-1,2-Dichloreethens 11 BaL
trans-1,2-dichlorpethena 11 BaL
1,2-Dichioropropane 11 BQL
1,3-Dichlorcpropane 11 gaL
2,2-Dichioropropane 11 BQL
1,1-Dichioropropene 11 BGQL
gis-1,3-Dichloropropens 11 BaL
trans-1,3-Dichloropropene 11 BQL
Dichiorodiflucromeathane 11 BQL
Diisopropyl ether (DIPE) 11 BQL
Ethylbenzens 11 BQL
Hexachlorobutadiene 11 BaQL
2-Hexanone 11 BaL
lodomethane 11 Bl
Isopropylbenzens 11 BOL

Reviewed by: @

Flags: BQL = Betow Quantitation Limit Page 1 of 2



PARADIGM ANALYTICAL LABORATORIES, INC.

Client Sample 1D: GP-02

Client Project tD: 01 003 0109

Lab Sample |D: 39354
Lab Project |D; G247-1
Matrix; Soil

Compound
4-[sopropyltcluens

Methylene chioride
4-MethyhZ-pentanone

Mathyi-tert-butyl ather (MTBE)

Maphthalene

n-Propyl benzene
Styrene
1,1,1,2-Tetrachloraethane
1,1,2,2-Tetrachloroathane
Tetrachlorogthene
Toluene

1,2, 3-Trichlorobenzensg
1,2, 4-Trichlorobenzene
Trichloroethene
1,1,1-Trichlorcethane
1,1,2-Trichloroathane
Trichlorofluoromethanea
1,2,3-Trichloroprepane
1,2, 4-Trimethylbenzene
1,3,5-Trirnethylbenzene
Vinyl chieride

m-, p-Xylene

o-Xylene

Surrogate Spike Recoveries

Compound
Bramofluorabenzene
1,2-Dichloroethane-d4
Toluene-da

Comments:

Results for Volatiles
By GCMS 826083

%Salids: 885.8

Quantiation
Limit (ug/KG)
11
22
11
11
11
11
11
iR |
11
11
11
1
11
11
11
11
11
11
iR
11
11
22
11

Spike
Added
{ug/KG)
50
50
50

All results are corrected for dilution,

Flags: BQL = Below Quantitation Limit

Date Analyzed: 4/13/98
Analyzed By: MES
Date Collected; 4/6/98
Date Received: 4/8/88
Cilution: 1

Result
{ug/KG)
BQL
BQL
BaQL
BaL
BOL
BaLl
BAL,
gal
BQL
BQL
Bal.
BaL
BQL
BQL
BQL
BQL
BQL
BQL
BaL
BQL
BQL
BQL
BaL

Surrogate

Result %Rec

(ug/KG)
47.2 94
331 106
50.9 102

Reviewed by _ fys’
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PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 6270D

Client Sample 1D: GP-03 Date Analyzed: 4/14/98
Client Project ID; 01 003 0109 Analyzed By: MES
Lab Sample {D: 39355 Date Collected: 4/6/98
Lab Project ID; G247-1 Date Received: 4/8/98
Matrix: Water Dilution: 1.0
Compound Quantitation Result
Lirnit {ug/iL) (ug/L)

Benzene Q.5 BQiL.
Bromobenzene 0.5 BQL
Bromaoachloromethane 0.5 BQL
Bromodichloromethane 0.5 BQL
Bromoform 0.5 BoL
Bromomethane 0.5 BaL
n-Butylbenzene 0.5 BOL
sec-Butylbenzene 0.5 BGQL
tert-Butylbenzeneg 0.5 BQL
Carbon tetrachloride 0.5 BQL
Chlorobenzene 0.5 BalL
Chioroethane 0.5 BQL
Chioroform 0.5 BaQL
Chioromethane 0.5 BaL
2-Chlorotoluene 0.5 BQL
4-Chlorotoluene 0.5 BQL
Dibromochloromethane 0.5 BGQL
1,2-Dibromo-3-chloropropane 5 BaL
Dibromormethane 0.5 BQL
1,2-Dibromoethane (EDS) 0.5 BaL
1,2-Dichlorabenzens 0.5 BQL
1,2-Dichiorobenzene 0.5 BaQL
1,4-Dichlorobenzene 0.5 BQL
1,1-Dichloroethane 0.5 BOL
1,1-Dichlaroethena 0.5 BQL
1.2-Dichloreethane 0.5 BQL
cis-1,2-Dichloroethene 0.5 BaQL
trans-1,2-dichloroethene 0.5 BaQL
1,2-Dichioropropane 0.5 BaL
1,3-Dichlorgpropane 0.5 BQL
2 2-Dhchloropropane 0.5 BaL
1,1-Dichloropropene 0.5 BQL
Dichlorodifluoromethane 5 BaQL
Diisopropyl ether (DIPE) a.5 BaGL
Ethylbenzene 05 BaQlL
Hexachiorobutadiene 0.5 BQL
lsopropylbenzene 0.5 BaL
4-1sopropyltoluensg 0.5 BQL
Methylene chloride 5 BQL
Methyl-tert-butyl ether (MTEBE) 0.5 Bal
Naphthalene 0.5 Bal
n-Propyl benzeneg 0.5 BAL

Reviewed by: _$p”
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PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 62100

Client Samptle |1D: GP-03 Date Analyzed: 4/14/88
Client Project iD: 01 003 0108 Anaiyzed By: MES
Lab Sample ID; 39355 Date Collected: 4/6/98
Lab Project 1D: G247-1 Date Received:; 4/8/98
Matrix: Water Dilytion: 1.0
Compound Quantitation Resuit
Limit (ug/L) (ug/L)
Styrene 0.5 BQL
1,1,1,2-Tetrachicroethane 05 BQL
1,1,2,2-Tetrachloroethane 0.5 BQL
Tetrachloroethene 0.5 BaL
Toluene 0.5 BGL
1.2, 3-Trichlorcbenzene 05 BGL
1,2,4-Trichlorobenzene 0.5 BAL
Trichlorgethene 0.5 BaQL
1,1, 1-Trichloroethane 05 BGQL
1,1,2-Trichloroethane 0.5 BaL
Trichlorofluoromethane 0.5 BQL
1,2,3-Trichloropropane 0.5 BQL
1,2, 4-Trimethylbenzene 0.5 BOL
1,3,5-Trimethylbenzene 0.5 BGL
Vinyl chioride 0.5 BaL
m-,p-Xyleneg 1 BQL
o-Xylene 0.5 BQL
Surrogate Spike Recoverijes Spike Surrogate
Added Result %Rec
Compound (ug/L) (ug/L)
Bromofluorobenzens 10.0 7.2 72
1,2-Dichloroethane-d4 10.0 11 110
Toluene-ds 10.0 7 70

Comments:
All results are corrected for dilution,
Surrogate failure confirmed by reanalysis,

Reviewed by: _&y.#

Flags: BQL = Below Quantitation Limit Page 2



PARADIGM ANALYTICAL LABORATORIES, INC,

Results for Volatiles
by GCMS 62100

Client Sample 1D: GP-05 Date Analyzed: 4/14/98
Client Project 10: 01 003 0109 Analyzed By: MES
Lab Sample iD: 39356 Date Collected: 4/6/98
Lab Project ID: G247-1 Date Received: 4/8/98
Matrix; Water Dilution: 1.0
Compound Quantitation Result
Limit (u1g/L) {ug/L)
Benzene 0.5 BQL
Bromobenzene 0.5 BGQL.
Bromochioromethans 0.3 BQOL
Bromedichloromethane 0.5 BQL
Bromoform 0.5 BQL
Bromomethane 05 BQL
n-Butylbenzene 0.5 BQL
sec-Butylbenzene 0.5 ' BQL
tert-Butylbenzene 0.5 BQL
Carbon tetrachloride 0.5 BQL
Chlorabenzene a.5 BQL
Chloroethane 0.5 BaL
Chloroform 0.5 BQL
Chloromethane 0.5 BaL
Z2-Chlorotoluene 0.5 BAQL
4-Chiorotoiuene 0.5 BQL
Dibromochioromethane 05 BaL
1.2-Dibromo-3-chloropropane 5 BQL
Dibromomethane 05 BQL
1,2-Dibrarneethane (EDB) 0.5 BQL
1.2-Dichlorobenzene 0.5 BOL
1,3-Dichlorobenzene 0.5 BQL
1,4-Dichlorobenzene 0.5 BQL
1,1-Dichioroethane 0.5 BQL
1,1-Dichloroethene a5 BQL
1,2-Dichioroethane 0.5 BQL
cis-1,2-Oichloroethene 0.5 BaL
trans-1,2-dichloroethene 0.5 BQL.
1.2-Dichlaropropane 05 BQL
1,3-Dichloropropane 0.5 BQL
2,2-Dichloropropane 0.5 BaQL
1,1-Dichloropropens 0.5 BQL
Dichlorodifluaremethane 5 BQL
Diisopropyl ether (DIPE) 0.5 BaL
Ethylbenzens 0.5 BQL
Hexachlarobutadiens 0.5 BQL
isopropylhenzene 0.5 , BQL
4-|sppropyltoluene 0.5 BQL
Methylene chloride 5 BaL
Methyl-tert-butyl ether MTBE) 0.5 2
Naphthalene 0.5 0.7
n-Propyl benzene 0.5 BQlL

Reviewed by: @y’
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PARADIGM ANALYTICAL LABORATORIES, INC.

Results for Volatiles
by GCMS 62100

Client Sample 1D: GP-D5 Date Analyzed: 4/14/98
Client Project [D: 01 003 0108 Analyzed By, MES
Lab Sample ID: 39356 Date Collected: 4/6/98
Lab Project |1D: G247-1 Date Received: 4/8/98
Matrix: Water Rilution: 1.0
Compound Quantitation Result
Limit (ug/L) (ugiL)
Styrene 0.5 BQL
1,1,1,2-Tetrachloroethane 0.5 BOL
1,1,2,2-Tetrachlormethane 05 Bat
Tetrachiorcethene 0.5 BQL
Toluene ‘ 0.5 0.7
1.2,3-Trichlorobenzene 0.5 BQL
1,2, 4-Trichlorobenzene 0.5 BQL
Trchloroethene 0.5 BaL
1.1, 1-Trichloroathane 0.5 BGL
1,1,2-Trichloroethane 0.5 BaL
Trichlerofiuoromethane 0.5 BQL
1,2,3-Trichioropropane 0.5 BQL
1,2,4-Trimethylbenzene 0.5 BQL
1,3,5-Trimethylbenzene 0.5 BQL
Vinyl chloride 0.5 BOL
r- p-Xylene 1 BQL
a-Xylene 0.5 BQL
Surrogate Spike Recoveries Spike Surrogate
Added Result %Rec

Compound (ug/L) {ug/L)
Bromofluerobenzene 10.0 9.5 a5
1,2-Dichloroethane-d4 10.0 11 110
Toluene-d8 10.0 8.3 68

Comments:
All results are corrected for difution,

Reviewed by; _po
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PARADIGM ANALYTICAL LABORATORIES, INC.
2627 Northchase Parkway S.E.
Wilmington, North Carolina 28405
(910) 330-1903
Fax (910) 350-1557

Mr. Mike Haseltine Date 04-22-98
Triangle Envircnmental

295A N. Green Meadows Dr.

Wilmington N,C 28405

Report Number: G 247-1
Client Project Nurmber ; 01 003 0109
Dear Mr. Haseltine:

Enclosed are the results of the analytical services performed under the
referenced project. Copies of this report and supperting data will be retained in
our files for a period of five years in the event they are required for future
reference. Any samples submitted to our laboratory will be retained for a
maximum of thirty (30) days from date of this report unless other arrangements
are requested.

If there are any questions about the report or the services performed during this
project, please call for assistance. We will be happy to answer any questions or
concerns which you may have.

Thank you for using Paradigm Analytical Labs for your analytical service
projects. We look forward to working with you again on any additional needs
which you may have.

Sincerely,

Paradigm Analytical Laboratories

e N (2N

Laboratary Director
Mark Randall

North Carolina Wastewater Certification #481



PARADIGM ANALYTICAL LABORATORIES, INC. coct {5079

2627 Northclase Parkway SE, Wilmington, NC 28405 Chain-of Custody Record & Analytical Request
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M APPENDIX F
STATISTICAL ANALYSIS OF BACKGROUND AND SOURCE ARFA COPPER AND
LEAD



[Calie BN S o I 5 ) TN Y % N QN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

x(f)
0.1
0.49
0.61
0.72
1.3
1.5
LG
1.6
1.7
2.3
2.56

21.4
442
30
74

Shapiro-Wilk Test of Normality

Copper
¥(n-i+1Y x(n-l+1)-x{)  an-+1
74 73.9 0.4291
50 49.51 0.2968
44,2 43,59 0.2499
21.4 20.68 0.215
16 14,7 0.1864
16 4.5 0.16816
16 14,4 0.13585
13 11.4 0.1182
11.4 97 0.1002
7.3 5.2 0.0822
4.9 2.24 0.065
4.3 1.8 0.0483
1.7 0.83 0.032
3.7 0.9 0.0159
2.8 4] 0
2.8 -0.9
2.8 083 b=
2.7 -1.8
.56 2,34 8D =
2.3 2 W=
1.7 9.7
L6 -11.4
I.G -14 .4
1.5 -14.5
1.3 =147
0.72 «20.68
0.61 -43.59
.49 -48 51
0.1 -73.9
2.11598942

Skewness Coefficient =

o]}
31.71049
14.69457
10.89314

4.4462
2.74008
2.3432
2.0088
1.35888
0.97194
0.42744
0.1521
0.08694
0.02976
0.01431
0

71.87785
17.20015
0.789739
0.623688

Table A-2

W .05,29 = 926

since W=.9286
non-narmality
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Shapiro-Wilk Test of Normality

0.1
0.1
0.1
1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
2.4
4.0
4.2
5l
54
6.0
6.3
6.3
7.0
8.6
9.5
10.7
17.0

x(n-i+1)

17.0
10.7
9.5
8.6
7.0
6.3
6.3
0.0
5.4
5.1
4.2
4.0
1.4
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
8.1
01
(tN]

Lead
x{(n=[+1)-x(l} an-+1 b
16.9 04127 6.97483
10.8 0.2854 3.02524
8.4 02439 229266
8.5 0.2132 1.8122
8.9 0.1882 1.29858
6.2 0.1667  1.03354
8.2 01478 (0.8145
59 01301 0768759
53 0.114 0.8042
5 0.0988 0.494
4.1 0.0844 0.34604
3.9 0.0706 0.27534
2.3 0.0572  0.13156
0 0.0441 0
0 0.0314 Q
0 0.0187 0
0 0.0082 0
0 b= 19.97008
08D = 4.13283
a 0.841154
0w= 0.707539
2.3
-3.9 A-2
-4.1 W.05,34 =833
-5
-5.3 since W= 933
-5.9 han-normality
-6.2
-6.2
A9
-8.5
-0.4
-10.8
-16.9

Skewness Coefficient = 1.8962845



m TCA FCE&TCA
1 Concentrations
MW-14d  Mw-2d  MW-4d MW-8dk
PCE 0.3 728 240 81
1,1,1-TCA 18000 328 130 37
1,1-DCE 810 418 230 225
Organic Cl 13358.74 1569467
MwW-14d  Mw-2d MwW-4d MW-8dk
Chloride 3041 85 3582 10.89
Organic Chlorineg  13358.35 1560.467 476.8 272.5707
sUmM 13388.76 1654.487 51282 283.4807

MW-15d
17
3.04
73.2

476.8 272.5707 74.09472

MW-15d
11.92
74.09472
86.01472

MW-13s
242
582
2610
0 2712992

MW-13s
80.56
0 2712992
0 2793.852

MW-9sk
0.5
]
C.5
1.192

MW.gsk
27.94
0.5
28.44



M l.evenes Test of Homogeniety of Variance

compliance
hackground
Copper
(mg/Kg)

residual
2.7 10217273
0.72 12.197273
1.7 11.217273
1.6 11.317273
1.3 11.617273
0.61 12.307273
1.6 11.317273
16 3.0827273
16 3.0827273
13 0.0827273
a0 37.082727
74 61.082727
a‘ {6 3.0827273
0.1 12.817273
44.2 31.282727
4.5 8.4172727
21.4 B.4827273
114 1.5172727
2.8 10117273
1.5 11.417273
0.4 12.427273
2.56 10.357273

BACKGROUND

3.7 91872727
7.5 54172727
2.8 10.117273
4.9 80172727
2.8 10117273
3.7 §.2172727

m 2.3 10.617273

Copper
meah
12.62
3.96

sord

104.3927
148.7735
125.8272
128.08G7
134.961
151.469
128.0807
9.503207
9.503207
0.006844
1375129
37311
89.503207
164.2825
878.6809
70.85048
71.95668
2302117
102.3592
130.3541
154,4371
1072731

84 40588
29.34634
102.3592
§4.27666
102.3592
84,95812
112.7265

residual m
13,39
8.96
overall mean

11.17



9

Levenes Test of Homogeniaty of Variance

Copper
sum of squared residuals 8418.19
sum of residuals a57.21

sum-of-Squares Degrees of freedom Mean-Square
Sstotal 401811 28 143.54
55 Error 3133.04 27 116.04
55 wells 886.07 1 886.07

from tables f= 4,21

since f>4.21 assumption of equal variancs is rejected.

f ratio

7.64



@ @

Wilcoxon Rank-Sum Test for Two Groups

Copper Lead
fmg/Kg) Rank fme/Kg) Rank

0.1 1 i1 1
049 2 0.k 11
.61 3 0.1 11
072 4 o1 1
i.3 3 0.1 1
1.5 & 0.1 1
1.4 7.5 ] 13|
L6 7.5 nl il
1.7 9 6.1 11
2.3 10 0. H
2.56 11 0.1 1l
2.7 12 0.1 i
2.3 13.5 01 1i
23 13.5 0.1 i1
2.3 L5 0.1 i
37 16.5 .1 11
3.7 16.5 0.1 il
4.5 8 0.1 1
4.4 9 0.1 11
7.5 20 0. 11
1.4 21 0.1 1
13 22 24 2
1 24 4.8 sl
15 24 4.2 24

14 24 5 25



Copper Lead
(mg/kg) Rank fmg/ig} Rank
1.4 28 34 pli
442 27 6.0 7 -
5t 28 6.3 285
Hl 29 6.3 )
Rank sum = 435 7.6 30
86 31
W = compliance rank sum-fnin+1}2) = 73.00 g5 32
b7 33
E{W} = mn/2 = 77.00 17.0 34
Rank sum = hH40
SD{W) = sqri{imn{N+1 1 2{1-sum{t**J-{¥{N"*3-N) = 1960
W = compliance rank sum-{nfn+1)/2) = 47
Z= W-E{W-0.5¥SD(W} = -0.23
EW) = mn/2 = 94.5
SD{W) = sqrif{mn{N+1)/12(1-sum$**3-1)/{N**3-N} = 20.54
background
cur ph Z= (W-E{W\-D.5/SD{W) = -2.3
23 24
28 4.0
2.8 6.0
3.7 6.3
3.7 7.0
4.9 8.6

T35 7.0



APPENDIX F
OCCURRENCE OF BEDROCK FRACTURES



é

Ocuurence of Observed Fractures
ALCATEL Network Systems, Inc.
Raleigh, North Carolina
Tdéntification: 1,
RW-2 194-192  153-152 -
RW-4 196-192  188-186 159-158
RW-5 159-156  154-153 -
RW-6 178-176  164-161  -==—-
RW-7 164-162 -
RW-10 166-156 -
CRW-7 179-178  159-157  -==——-
CRW-8 173-172 155-154 ——--
CRW-11 192-186 -
MW-2d 198-196 171-169  —w—-
MW-7d 187-186  174-173 169-167
MW-3d 178-176  172-16%9  —-—-
MW-4d & 4dd  197-192 170-168 125-130
MW-9dk 165-164
MW-12dk 177-176  167-166 160-157
S




APPENDIX G
m DRAFT EPA REGION 4 SUGGESTED PRACTICES FOR EVALUATION OF A SITE
FOR NATURAL ATTENUATION OF CHLORINATED SOLVENTS and DEGRADATION
RATE CALCULATIONS



Draft EPA Region 4 Suggested Practices for Evaluation of a Site For Natural
Attenuation (Biological Degradation) of Chlorinated Solvents’
November, 1997

Version 3.0 -

bhis docurnant was fammarly titled Draft Region 4 Azproach to Natural Atenuation of Chiorinated Solfvents
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Draft EPA Region 4 Suggested Practices for Evaluation of a Site For Natural
Attenuation (Biological Degradation) of Chlorinated Solvents?® '

November, 1987
This document is an amalgamation of technical information obtained from the Draft AFCEE?
Proracal for Evaluation of Natural Attenuation of Chlorinated Solvents in Ground Water, ariicles in
professional journais, and meeting presantations by experts in the field (see references).

Preface

The intsnt of this document is to pravide a resourcs for the characterization of sites where natural
aitenuaticn (biclogical degradation) is being proposad or considered. Regicn 4 wishes (o specify that the
Draft Interim Final OSWER Directive on Menitored Natural Attenuation (OSWER Directive 8200.4-17) s a
compliment {0 this document, The hepe within EPA rnationwide is that a guidance document will be put
forth from EFPA’s Office of Research and Development that will also compliment or supersede this
documsnt. At this time a date for this guidance is unknown. '

The Draft EPA Region 4 Suggested Practices for Evaluation of a Site for Natural Attanuation
(Biclogical Degradation) of Chlorinated Solvents 2 being provided by U.5. A Region 4 in DRAFT
form gug o the evelving nature of the research heing =£ormed in labs and on sites on the biclogical
degragziicn of chigrinatad solvents in ground watar, In addition, on sites where natural attenuation is
being imziemaniad and/or considered, site cheracigsization methods, analvtical methads and semeiing
technicuss ers cnenging rapidly, The site chargctarization for karst and fracturad rock would be subject to

zdditicrai recuiremsnts,

At a minimum L8, £9A Region 2 expacts the fotllowing in 2 nature! efenuation demenstation renert 1) &
site characterization presentad and =upponisd, 2) ramedial action for tha ‘source’ to be provided 3) & long
tarrn meniiering (including O&M) plan provided. 4) & comparisen of the natural ettenuation remady (if this
i &n =coraprigte determington for tha siie) to an enginserad remady, 3) the enumsration of institutional
contrels ihat are quirenily ocerzstional and enforceazls for the sits and £) determination of the carzon
source gnd it's susiainability for chiorinated solvent cegradation.

If you kzve comrments or guestions cenegming this Zocument contact Kay Wischkaempsr at 404-582-
8841 qr wischkaemper.kay@epamszil.epa.gov. The weh page location is
Rits Aenny, spa.goviregiondivasiepgsioftecser/protcexp htm,

Introduction

Region 4 acknowledges that natural etfenuation due 1o advection, adsorption, biolegical degradation,
dispersicn, and volatilization can effectively reducs contaminant toxicity, mobility, or volume to levels that
ara proisciive of human health and the ecosysterm. Natural attenuation in conjunction with source
treatman: can be the sole remedial ltarmative for many sites in Region 4. The framework behind the
evaluation reguirements in this document are The Naticnal Contingancy Plan (NCP) ciietiens which are

the basiz %or Nalurzl Attenugtion remedy selections mads in EPA Region 4.

"

‘...Natural zttenuation is generafly recommended only when active restoration is
not practicable, cost effactive or warranisd becauss of site-soecific conditions
(e.g., Classg il ground water or ground water which is uniikely to be used in the
foresesable future and there fore can be remedizted over an extendad period of

:"T:‘:Js document was formerly titled Draft Region 4 Approach to Natural Attenuation of Chlorinated Sclvents

“Ar Foree Center for Envirgnmental Excellence
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time) or whare natural attenuation is exmacted to reduce the concentration of
contaminants In theé ground water to tha ramedistion goals-levels determined to
b= protactive of human health and sansiiiva ecolegical environments--in &
regsonahie me-frame. Further, in giiuaticns where there would be liftle
likelihood of exposure due to the remetznass of the sile, alternate points of
compliance may be considered, provided contamination in the aquifer is
controlled from further migrations. The selection of natural attenuation by
EPA does not mean that the ground waisr has been written off and not cleaned
e but rather that biodegradation, disgareion, dilution, &nd adsorption will
effzctively reduce contaminants in the ground water (o concentrations protactive
of numan haslth in a time frame comperabie to that which could be achisved

through active restoration (p.8734).

Another NCP citation stating EPA's position on ground watar that i3 not 8 current source of drinking water
bt has the ability 1o be usad for drinking water purcosss is;

-t 1s EPA policy to consider the benefizizl use of the water and to protect
ggainst current and future expesures. Ground water is 5 valuable resource
and should be protected and restored I¥ necassary and praclicable...(p. 8733)

The expeciation of EPA in the above citstions is that ground water will be restored and when naturst
atienuation anc sourcs fresimant are detarmined to Sz tha eppropriate remedial alternative, or parief 2
remedial alternstive for sits ground water, the foilowinz provisions are understood.

. Mezsurss ars tgkan o "cut of continued sdzifian of contaminants to ground water and control
rmigraticn of conizmingnis In ground water. This smbodise remeving, remedizting, and/ar

conizining tha sourcs (see NCP and QSWERS Tiractiva No. 8283 1-2),

proiesticn standard’s which ere MCL's, non-z=ro MCLE's and health-basad standards for currsnt
snd potzntial sources of drinking water. An cnsits (within the site property boundary)
downgradient campliance boundary will e sgistlished bavond which accapted limits cannet be
exceedad o thel further degradation of largs exgansaes of uncontaminated ground water will be
prevemsd. In other wards, the condition in which the propaty boundary is at 2 significant disianca
from the siume the compliance boundary must =& iocated near the existing terminus of the piuma.
Additionzlly the area of contamination that excesds the standards may not be allowed to incresse
prior w attenuation or discharge intc surniacs waisr (ss2 NCP and OSWER Directive No. §283.1-
2.

Institutional controls are required to ensure that such cround waters are not used before levels protective
of human hezlth zre reached. On DOE and some DzD zitzs the enforeeable institufional controt issue is
more easily provided for; whereas on RCRA and CERCLA sitas this posas a considerzble problem.

Another issue thet is of concern regulztorily is the condiiion whare plume ‘starvation’ oceurs. In short, this
is where the carbon source necsssary for biniogical degradation of chlorinated solvents runs out and the
piume is back to the congentrations that could excesd the ground water protection standards. This
‘starvation’ issus forces the need for identifying what that carben source is and making a prediction about
the zbility of the carbon source to susizin biological dezredation of the seivent plume. When identitying
the carben source is not possible, then long term rrenitcring will be the sole method of ensuring that
biolegica] degradation will continue unill the contaminant concenirations are below the ground water
protaction siandard, This poses a problam with predicting the length of time for biological degradation to
cccur and the uliimate cost of using intringic degradation &s part of the final remedial alternative. - -

The U.8. Environmental Protection Agency’s (EPA) OThize of Rasazrch and Development and Office of
Solid Weste and Emergancy Response define natural sfisnuation a3
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ﬁhE‘ biedegradation, disparsicn, diluiion, sarzien, volatilization, and/or chemical and biochemical
tzbilization of contaminanis to effectively rezuce contaminant toxicity, mability, or velume to
Jeve!s that are protective of human health 22d the ecosysiem.

Natura! sttenuation precessss, such as biodsgracatian, can often be dominant factors in the fate and
transcar of contaminants, Tnug, consideration &nc zuantification of biodegradation processss s
gssental to more thoroughiy undersiand conteminar: fate and transpont.

This peper orasents suggestad praciices for gzt coisclion and analysis for the evaluation of & remedial
ootion of nstural attenuatien (through biolegical degracation processes). In sorne casss, the infermation
collected using this protocel will show that netural atznuation processes, with or without saurce reamoval,
will reducs the concentrations of thess contaminants o below risk-based corrective action criteria ar will

altzin raguiaiory standaras within an acceptable, sitz-specific fime period.

Qverview of the Technical Protocol

Nztural attenuation in ground-water systams results irom the integration of several subsurface atienuation
machanisms that are ciassified as elther desiructive cr nondestructive. Biodegradaiion is the most
imporant destructive attenuation mechanism, Nondestructive attenuation mechanisms include sorption,
dispersien, dilution from resharge, and volztiization, -

Blogegradeiicn of fuel Aydrocarbens, especiaily ben .zev:-, tolugne, sthyl benzene, and xvlenes (BTEX), is
mainiy iimied by electron acceator availability, and ticssgradation of these compaunds ganaraily will
procasc unti g/l of the conigminanis are desiroysd i rthe experleme of many résserchers, thers 2opears
to be an inaxhaustible suppiy of electron gccsptors in most, if net all, hvdregeologic environmants. On the
other nand. the more highly chiorinatad scivanis (&.g.. parchiorcethene and trichiorosthers) typically are
zzilorination. & process that requires both eleciron

Cciodegragsd under naturel conaitions via requetive ¢
gooenicrs (the chigrinatzd slishatic nycroc:rpons) a7 &n sdaguais supbly of slectron conors, Elscton
CoRors ingade fuei dydrocarsons or ather types of 2amrcpegenic carbon (8.g., landfill lezchate, BTEX, or

naturs! orsanic carbon), If the subsurizce enwromn.e.ﬂ.- is depleted of glectron doners before the
chlorinaiga siiphatic hydrocarbons ara remcved, recuiive dechlorinaton will cease, and natural
ERSNUELSN May NG ‘Draer pe nrotective of human nesith and the environment, The nesd for adequste
sleziren acners is the mosi significant difference betwssn the processes of fuel hydrocaroon and
chlorimgiad alighiatic hydrocarsen biodegracation. For this reason, it is more difficult to pradict the long-
tsrm benavigr of chlorinatesd sliphatic hydrocgrmcn olumes than fuel hydrocarbon plumss. Thus, itis
imporar: 1o have 2 thorough undersianding of the cozrant natural attenuation mechanisms,

In zcdition to having a better understanding of the prozsssas of advection, dispersion, dilution from
racharge and sorption, it is necessary to better quantify biodegradation. Quantification of biodagradation
requires a thorough understanding of the interacticns between chlerinated aliphatic hydrocarbons,
znthrosogenic/natural carbon, and inorganic electron accaptors at the site. Detalled site characterization

i recuirsd to sdeguately undersiand these processes:.

The propanent must scieniifically demonsiraig that oic zegradation of site contaminants is oceurring &t
rzt=s suffiicient to be protective of human health and the environmant in ordar to support remediation by
natural atenuation. Three lines of avidanoa can be usad to support biologicai degradation of chlorinated

sslvents
1. Ohserved reduction in contzrminant coacentrations along the flow path downgradient from
the sourse of contaminstion,
Z. Documeanted loss of contaminant mzss 2t the fisld scale:

- Using chemical and gaochemica! erziytical data {a.g., decreasing parent
compound concentrations, incraasing JsJghtar compound concentrations,
deplation of elestron 2cceniors and £290rs, and incressing metabolic hyprodust
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concentrations); ‘ U

- A consarvative fracer and a rigorous estimats of residence time zicng the flow
path to document contaminznt meEs reduction and to calculzte biological dzcay
rates &t the figld scale,

3. Microbioiogica! labaratory® or field dete that support the occurrence of biodsgradation and
give rates of biodegradation.

in an evaluation for the demonsiration of biclogica! eontarinant degradation, the invessgater must obtain
sither the first two lines of evidence.

The second and third lines of evidence ara crucial to the natural attenuation demonstration of
biodegradation because they crovide bicdegradztion rate constants. The biodegradaiion rais constants
are used in conjunction with the other fate-znd-irenspon parameters to pradict contarninant
concenirations and to 2ssass risk at downgradieni points of compliance,

The first line of evidenca is simply an cbsarved reduciion in the concentration of relezsed contaminants
downgradient from the NAPL source area along the groundwater flow path. The observed reduction doss
not prove that contaminants are being destroyed Geczuse the reguciion in contaminant canceniration
couid be the result of advaction, dispersion, difution rom recharge, sorption, and voiaiilizaton with no loss
of centaminant mass. Conversely, an incrsass in the concentrations of some contaminants, most nosably
cegracdztion products such as vinyl chleride, couid be ingicative of natural aftenuztion.
The sacond fina of avidence refies on chemical and shvsical date {o show that contaminant mass s being

esiroyed vie bicdegradetion, notjusi diluted, The sszond line of evidencs is divided inc twe

componente. The first camponsni is the uss of chemics! anaiytical datg in mess balance calcuisiicns {o ..
gnow that decreasas in contaminani &nd slecron gccentor and donor concentrations can be directly m
corrgizizd to incraeses in maisboiic and products eng Szughter compounds, Tha mass bajance
caictlation can be usad 10 show that electron ezzazizr and dener concanirations In ground water are

suificlent 1o facilitate degradation of dietolved contaminants. Soiute fate-and-transport meodsis can ba

usac o zid mass balancs caicuiztions &nd to colleie information on degradstion. Ths sacond componant
is the use of maasured concanraiions of contaminants and/or biologically reczlcitrant sracers In
conjuniction with aquifer hydrogaoiocic parameters. such as sespage velocity and dilution, 1o show that &
redyciion in contaminant mass is ocourming &f the sis 2nd to caleulats biodegrsdation raie constants.

Tha third line of avidence, micrebiological leberatory iz, can be used to provide additional svidence that
indicenous biota are czpabie of dagrading site contaminants at & particular rate. The most useful type of
microbiotagical labarztory data is the microcosm siudy, because itis necessary to show that
biodegracation is occurring &nd to obtain bicdegradzeiion rate constants.

This papar presents a technical course of detz gathering that allows converging lines of avidence to be

*Microcosm studies are strongly influanced by the nature of the geologic material submitiad for
siudy, the physical properties of the microcosm, the sampting strategy, and the duration of the study.
Moted here is that some researchars fesl that microcosm studies for low levels of contaminziion ars
ditficult to perform, In some casas the microsssm ig ‘killag’ prior to eny data being obtained to evaluats
rzte constants. Some resesrchers feal that rate consisnts obtained from microccosm studies ars
significant underestimates of sctual conditions and therafors in some cases are not ussful, In other cazes
microcosm studies are & productive tae! with the foliowing stipulzation: if additiona! evidence (bayond
centamingnt and geochemical date and supporting celculations) supporting biclogical degradstion is
reguired, a microcosm study using site-specific aguifer matariats and contaminants can be underakan.
Arn overall suggestion is that because microcosm siudiss are time-consurming and expansive, they shouid m
bs underizken only at sites where there is considerable uncertainty concerning the biodegradation of

sriaminants.

1
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,'_ ntify the rates of natural attenuation, Icazlly, the
urel atisnuation demonstration. To further decument
Xl ﬂﬂy obtaining & field-scale biodegradetion rata may
ory data can be used, Such a ‘weight-cf-avidance”
s=sfully verifying natural attenuation at sites where
Lglity of ground water,

used to scientifca]ly docurnent the occurrence end ¢
first two lines of evidence should be uszd in the nat
nawral atienuation, or at ¢ites with complax hydrog
not be pessible; in this case, micrebiclogical laborst

soproach will greatly increase the likelihood of suss
na:uraf pracagses are résoring the savironmenial g

-
L
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Cellection of an adequale daizbase during the iterztive site characisrization process is an impomznt siep
in the documentamon of natural agenustion. Site characigrization should provide data an the locstion,
nature, and extant of contaminant sources. Site charzctarization also should provide informaticn on the
location, extent, and concentrations of dissolved conizmination; ground-water geochemical datz; geologic
information on the type and distribution of subsuriacs tnnals, and hydrogeologic parameters such as
hydraulic conductivity, hydraulic gradients, and pul""hu:l contaminant migration pathways to hurman or
ecclogiczl recaptor exposure points. The data collesizs during site characterization can be used w
simuigie the fate and transpert of contaminants in the subsuriace. Such simulation allows predictdon of
the future exient and concentrations of the disscived contaminant plume. Severzal models® can he used to
simuizte disselved contamingnt transpeor; and attgriuztizn. The natural attenuation modeling effert nas
three primary objectives: 1) to pi"’—dICt the future exisnt end concsntration of a dissolved conteminzng
plume by simulating the camoined effects of adveciic~. cispersion, sorption, and biedegradation; Z) to
a2ss&£s the potential for dewngradient receptors to e =x2osed {0 contaminant concentratmns that excead
reculatory or risk-based laveis intanded fo be protgstive of human hezlth and the environment;, arc 3) o

-H-'u

srovice technical supoer for the ratural ettenuztion remedial option at pesimedeling regulatory

=]

necotations to heip design & more acourste verificalicn and menitoring strategy and to help idendy early
surce removal stratagies,

Uren complation of the fate-and-franspen medzling e.‘-.:r:. del pradictions ¢an be used In &0 exposure
pa'ﬂwdys anaiysig, |f nalursl sttepuation is sufficignt o .'“.‘\I 2 rlsks to potenial recepiors, the sratonent
of natgral skenuation has 2 résscnable basis for necc h|5 option with regulatars. The exsosurs
CEIways 3nalysis ailows the greponent to show et ial exposurs pathways 1o recsepiors will not be

ompigted.

Overview of Chlorinated Aliphatic Hydrocarbon Biodegradation

ll'l

A accuUras estimate of the potandai for natural picdszradation is importznt to obtain when detarmining
nether graund-waler contamination presaenis a sutsianiial thraat to human heslth and the environmant,
be’“ause indegradation is the most imporiant procass scting fo remove contaminants from ground water,
Tne infermatien also g usaful whan saiscling the remadial aternative that will be most cost-sfaciivein

gliminating or abating these threats should natural aiizruation not prove 1o be sufficient.

1“'“

Over the past two decades, numerous laboratory and fald studies have demonsirated that subsurface
microorganisms can degrade a variety of hydrocarbons and chlorinated solvents (3, 23). Whereas fual
hydrecarbons are biodegradad through use as a primary substrate (glectron donor), chicrinated aliphatic
hydrocarbons may undergo bicdegradation through three different pathways: through use as an electron
acceptor, through use as an slectron donor, or throug™ co-metabolism, where degradation of the
chicrinatas organic is foruitous and there i3 no benadil 1z the microorganism. Alhough at many sitss the
ves of shlorisziad slizhatic hydroccarbons 28 m!E"‘"“r*. FI082500s 2pPEesrs to be mestimponant, undsr

may be operating (thure 1). For sxample

niatlral congiiions at & given site, one or all of thieg=s orocessas
Figure 1 shows vinyl chioride can asrobically mineraiiza ts CO,, aerobically cormetsbolize to CO, inthe
nrzsenca of wluane, zarobically cometabolize to CO; in the presence of methane, and reductively

dechlorinaie to ethens. In general, but in the electren azzs otor pathway especially, bindagradation of

chiorinated solvents will be an electron-donor-limited process, Conversaly, biodegradation of fugl
nydrocarbons is an elaciron-acceptor-limited procass,

5Arﬁchg the availagle madals are MTID, BIOMODED, BioREZZCTX 3730 and others,
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In & pristing squifer, native organic carbon is uses &s an electron doner, and disseived oxygan (DO) is
usad first 25 the prime elactron acceptor. Where gathropogenic carbon (e.g., fusel hydrocarbon) is
present, i§ alse will be used as an electron donor.  Foliowing DO consumption, anaerobic microcrganisms
typiczlly use additiona! electron acceptors (as avaiisble) in the following ordzar of preference: nitrate, farrie
iron exyhydroxide, suifate, and finally carbon dioxide, Evaluation of the distribution of thase elecron
accesting compounds czn provide evidence of whiars and how chlorinated aiiphatic hydroezrbon
biodsgracstion is gesurning. In addition, becauss chlgrinated aliphatic Rydrocarbons may be uged 2s
alectron acceptors or electron doners (in competition with other acceptors or donors), isopieth maps
showing the distribution of the elactron acceptor/dencr compounds can provide evidence of the
mashanisms of biodegradation working, As with BTEX, the driving force behind oxidation-reducton
reaclions résuiting in chlerinated aliphatic hydrocarbon degradation is eleciron fransfar, Although
thermodynamically faverable, most of the reactions involved in chlorinated aliphatic hydrocarbon reduction
and cxidzation do not proceed shiotically. Microorganiams are capable of carrying cut the reactions, but
they will facilitate only those oxidation reduction reacicns that have a net yield of enargy.

Mechanisms of Chiorinated Aliphatic Hydrocarbon Biodegradation

Electron Acceptor Reactions (Reductive Bechlorinztion)

The mest important procass for the natural biedegrazztion of the more highiy chlorinated scivents is
reguctive aechlorinaticn. During the raductive dechicrination, the chiorinated hvdrocaroon is usad 25 2n
efgciron scceptor, ot 22 & source of carbon, and & chicring atem is remaoved and repiacsd with &
mydragen gtom. In general reductive dechlorinaticn aosurs by sequantial dechlorination, for example,
redictive cechlorination from perchiorcsthene to trishicrosthene to dichlorpethane to vinyl chiorids fo
sthens. Desending on snvironmenial conditions, ihs raductive dechigrination procsss seglgncs may ba
intarructad, with other procassag then acting on tha zrocucts. Reductive dechlorination of chicrinasd

solvant compounds is sssoaiatad with all accumulsticn of daughier products and an inerasss in the
sancantraiion of chlorde fons,

Feductive dachleringtion &ffzects sach of the chlorirzizo athenas differently. Ofthe chlcrinsied attehe

camoounds, parchiorosthens is the most suscertitie (o reguctive dechiorination besausa itis the mast
exidized. Cconvarsealy, vinyl chioride is the least suscsstbie (o reductive dechlcrinaiion because itis ihe
{m o
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xidized of these compounds. The rate of recuctive dechiorination alse has baen coserved
dzcrease as the degres of chlorination decrzases (24, 23). Murray and Richardson (28) have peswlated
that this rate decrezsa may explain the zccumulgticn of vinyl chloride in perchloroathene and
richloroethene plumes that are undergoing reductive cechiorination.

1)

s

—+ i

-

Raductive daghlornation has been dermonstraiad under nitrate-reducing and sulfate-reducing conditions,
but the mest rapid biodegradation rates, affecting tha widast range of chlorinataa sliphatic hygrocamons,
occur under methanogenic conditions (24). Nitrate/sulfais-raducing condition discussion will be presented
in grester detail in subsequent parts of this document. Secause chlorinated aliphatic hydracarbon
compounds sre used as electron aceeptors during reduciive deshlorination, there must be an appropriste
scuree af carbon for microbial growth to ocour (24). Poizatial carbon sources include natursl crganic
rnatizr, fuel hydrocarbens, or other organic compounds such as those found in landfil leachate.,

Electron Donor Reactions

Murrzy and Richardsan (26) write that microorganizme =re generally believed to be incapable of growih
using trichlorogtheng and parchlorosthene =5 8 primary substrate (i.e., eléctron donor). Under aarobic
znd some anasrobic conditions, the less-oxidized chicrnatad aliphatic hydrocarbons (e.g., viny! chioride)
can be used as the primary substrats in biclogicaily maaistad redox reactions (22). In the elsctron danor
regclion, the facilitating microerganism obiains energy 2nd erganic carbon from the degradsd chlerinated

=== )

alichatic hydroecarbon. Fuel hydrocarpons are biodscreded by ihe glectron donor process.
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In contrast to reactions in which the chlarinated glizhatic hydrocarbon is used as an electron acceptor,
only the least oxidized chiorinated elighatic hydrecarbons ¢an be used as eleciron donors in biologically
mediated redox reactions. MeCarly and Semprini (22) describe investigations tn which vinyl chloride and
1,2-dichloroethane were shown to serve as primary subsirates under garobic conditions. These authors

zlso document that dichloromethans has the potant’al to function as a primary substrate under either

2arobic or angerobic environments, s addition, Bradiey and Chapetlle (27) show &vidence of
mineralization of vinyl chioridz uncear iron reducing conditions so long as there is sufficient bicavailable
iron{ill), Aerabic metatollsm of vinyl chicride may o characterized by a loss of vinyl chloride mass and 2
decrezsing maiar ratio of viny! chicride to other chiorinated aliphatic hydrocarbon compeunds.

Co-metabolism

When a chlorinated aliphatic hydrocarbon is bicdegraded via co-metabolism, the degradation is satalyzed
by an enzyme or cofacior that is fertuitousiy procducsd by the organisms for other purposes. The organism
receivas no known bereft fram the degradetion of t~e chlarinated aliphatic hydrocarben; in fact, the co-
rmetabolic degradation of the shlorinztad aliphatic hvdracarbon may be harmiul to the microorganism
respensible for the production of the enzyme or cofactor (22).

Co-meatabolizim is best docurnenied in aerobig environments, although it could occur under anaercbic
conditions. 1t has been reponed that under aercbic conditions chlerinatad ethenes, with the exception of
parchicroethene, ars suscepiisle to co-metzbelic Jegradation (22, 23, 26). Voge! (23) further elaborates
that tha co-metaboiism reie increasas =5 the demr:e of dechloring *u:m dacraases, During co-metzbolism,
trichlorpathene is indirectly transformed by bacteriz 25 they use BTEX or ancther substrate to mest their
anergy requirements. Therafors, tramloroetﬁenm does nat enhance the degradsiion of BTEX or cther
carbon sourcas, noe will its ca-meatabolism interiz-2 with tha use of sigciren acceptors invaived in th

oxidanon of those carbon sourcss

Behavior of Chlorinated Solvent Plumes

Chigrinated soivent plumes can exhibi thres yoss C behavier depending on the amount of sclvent, the

amoun: of bivlegically avaiiabie orgamc caroan in .-:- aguiter, the distribution and concantration of natural
siegiren A2CE0i0rE, aNG the types of 2ieciren soosoicrs being usad. It must be noted that individual
slurmss may axhizit all thres tvpes of sehavior in giffzrant portions of the plume, The different types of
=lurng Sehavior are summarized beiow.

]
EY
=14

Type 1 Behaviar

-

Type 1 behavior cccurs whare the primary substrsis is anthropogenic carben (&.g., BTEX or l2ndflll
leachizie), and this anthropogeanic carbon drives reduciive dechioringtion. When evaluating natura!
=ttanuation of a plurme exhibiting Type 1. behavicr the following questions must be answersd:

1. Is the electron donor supply adeguats to allow microbial reduction of the chlorinated
organic compounds? [n other words, will the riicroorganisms “strangle” bafore they

"starve”, wili they run out of chleringisd aliphatic hydrocarbons (slectron acceplors)
before thay run out of electron donors?

z. What is the role of competing eleciror accentors (2.9, DO, nitrate, iren(ill), and sulfate)?
3 Is vinyl chicride oxidized, oris it reducad?

Type 1 behavior results in the rapid 2na extensive degradation of the highly chlorinated solvents guch as
perehlarosthene, trichioroethens, end dichlorcethsns.



Type 2 Bzhavier

Type 2 behavior dominates in areas that are charsaterized by ralatively high concentrations of bicicgically
available native organic carbon. This natural carbon source drives reductive dechlorination {i.e., is the pri-
mary substraie for micreorganism growth). When avaiuating naral aftenuation of a Type 2 chicrinated v
solvent plumeg, the sarme questions &s those posed for Type 1 behavior must be answered. Type 2 w
behavior generally resuits in slower biodegradaticn of iha highly chlorinated solvents than Type 1
behavior, but under the right conditions (e.g., arezs with high natural organic carbon contents) this type of
behavior also can result in rapid degradation of chlorinaizd solvent compounds,

Type 3 Behaviar

Type 2 behavior dominztes in areas that are characiariz=d by low concentraticns of native and/or
anthropogenic carbon znd by DO concentrations gra=tar than 1.0 milligrams per {iter, Under these
aarobic conditions, reductive dechiorination will net ccour, thus, there is no removal of Serchloroethene,
trichloroathens, and dichlorcethene. Advection, disparsicn, and sorption are the mest significant nziural
attenuation mechanisms for perchlorosthene, frichizrosthene, and dichloroethene in this sefting.
Hewever, vinyl chloride can be rapidly oxidized under these conditions.

Mixed Behavior

A single chlerinsted solvent plume can exhibit all thrse types of behavior in different portions of the plume.
This can be bensficial for natural bindegradation of chiorinated aiiphatic hydrocarbon plumes. For
example, Wiederneler et al. (23) describe a plume =1 Plaiisburgh Air Force Base, New York, that exhibits
Type 1 behgviorin the source &rea and Type 3 behavicr downgradient irem the source. The rrost
fortuitous scanario involves a plume in which perchicreatheng, ichlorpethene, and dichloroethene are
raduciively dechiorinated (Type 1 or 2 behavior), then vinvl chioride 's oxidized (Type 3 behavior) eithar,
gsrobicaily or via iron reduction. Vinyl chioride is cxigized o carbon dioxide in this type of plume and does
net accumuigts. The folicwing seguencs of reacticrns coours in & plume that exhibits this type of mixed
mahavicr
Ferchlorosthens = Trizhicrogthene -
Dichlorosthans - Vinyi znigrids - Carbon dicxida

g richicrezthane, dichicrasthane, ang vinyl chiorize may ettenuats at spproximately the same ratz, end
tnus these resclions may be confused with simple gliviion. Noig that no ethene is produced during this
reaction. Vinyl chioride is removed from the system nueh faster under these conditions than i is under
vinyl chleride-radusing conditions,

A less desirsbis scenario, but one in which 2l conizminznis may be entirely biodegraded, involves 2
plume in which gl chlorinatad aliphatic hydrocarbons ars raductively dechlorinated via Type 1 or Type 2
behaviar, Vinyl chioride is chemically reducad to ethsns. which may be further reduced to sthenz or
methane, The following sequence of reactions occurs in this type of plumne:; .

Peréﬁioroethene - Trichloroethene -
Dichlorcethens - Vinyl chloride - Ethene - Ethane

This seguancs has besn invastigated by Freadman and Gosseft (13). In this fype of plurne, viny! chioride
degrades more slowly than trichioroethena and thus vinyl chloride tends to accumuiate.

Protocoel for Quantifying Natural Attenuation During the Rermedial Investigation
Process

17

The primary objsctive of the natural attenuation investigetion is {o show that natural procasses of
contaminant degradation will reduce contaminant cencentrations in ground water te below rsk-basad -
corrective ction or regulstory lavels within an accertzile distance and/or time frame. The natural
sfiznustion invesiigation requires a prediction of the pctantial extent and concentration of the contaminant
plume in fime and space. The predictien should be Sased on historic variations in, and the current extent
and concentrations of, the contaminant plume, as we!l s the measured rates of contaminant attsnuation.
Becausa of the inherent yncerainty associated with such predictions, the investigstor must provide w
suficient evidence to demonstrate that the mechanisms of natural attenuation will reduce contaminant
cancanirations 1o scceptable levels beforé potentizi recegtors ars reeched. The demonstration reduires
" "the use of conservative solute fate-and-transport modse! input parameters 2nd numerous sensitivity
snzlyzes 50 that consideration is given to all plausible sontaminant migration scenarios. When possible,
both historical data and modaling should be used to provide information that coliectively and consistentiy
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supports the natural recuction ard removal of the digsolved contaminant plume,

Figure 2 outlines the steps involved in the natural atenuation demonstration. Figure 2 also shows the
impartant reguiatory decizicn points in the process of implernenting natural attenuation. Pradicting the
fate of @ contaminant plume requirgs the gquantificziion of solute transport and transforrmation processes.

Quantification of contaminant migration and attenuation rates and successful implementation of the
natural attenuation ramedial option requires comgletion of the following steps:

1. Review avallable sitz data, and develop a preliminary conceptual rodel.

2, Scresen the site, and 2ssess the potential for natural sttenuation.

3, Callect additional sita charactarizzticn datz to suppart natural attenuation, as requirad.

4. Refine the conceptuzl made!, comglats premodeling calculations, and documeant
indicators of natural attenuation. '

5. Simulate natural attenuation using =nalytical or numerical sciute fate-and-transpon
rmodels that sllew incorparation of 2 biodegradation term, as necassary.

£, ldentify currant and future recapters, and conduct an exposurs-pathway analysis.

7. Cetarming winether saurce reatment will be remadistion, removal, containment ora

combination of thess.

8. If matural avenuaicn (efigr source rrzevment) is acceptable, prapare g fong-term
rmonitering plan.

e, Prasent findings to regulsiory agencizs.

Review Available Site Data, and Develop a Prelirminary Groundwater Flow and Transport
Conceptual Model

Existing =site charactarizstion date should be reviewed and used o develop a site-specinic concapiual
medel. The preliminary conceptual model will help icentify any shortcornings in the data and will 2fow
placement of additional czta collection points In the most scientifically advantageous and cost-effecive
manner. A site-specific concaptugl model is a thres-dimensional represantation of the ground-water flow
and solute transport systam basad on avaiiable geclogical, biclogica!, geochemical, hydrological,
climatological, and analytical data. This type of conceptual mods! differs from the conceptual site models
that risk assessors commaonly usa that qualitatively consider the location of contarninant sources, ralease
mechanisms, transport pathways, exposure points, and recepters. The groundwater system conczptual
model, however, facilitates identification of these risk-zssessment elements for the exposure pathways
analysis. After development, the conceptual mode! can be used o help determine optimat placemsant of
additional data collection points (as necessary) to &id in the natural attenuation investigation and
davelop the sciute fate-and-trensgon mode!.

Contracting and management controls must be flaxible enough to allow for the potential for revisions to
the conceptual model and thus the data collection effort. in cases where little or questionable site-specific
data are available, all future site charscterization activitizs should be designed to collect the data
necessary to screen the site to determing the potentiz! for remediation by natural attenoation. The dsta
callected in support of natura! aienuation can be usad to design and support other remedial measuras.

Table 1A, lists a standard sat of methods, while Tekls 1B, lists methods that are under developmant
and/er consideratton for the soif and ground water znalytical protoce! for natural attenuation of chlornated

1l
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aliphatic hydrocarbons and/er fuel hydrocarbons. Any plan to collect additional around-water and sail
quaiity data shouid include targeting the analvtas listed in Table 1A., and Table 18., where the tachnique

is finzlized.
Screen the Site, and Assass the Potantial for Natural Attenuation

After reviewing availzble site data and daveloping & prefiminary groundwater flow and transport cancaptual
model, &n assegsment of the potential for natura!l attenuation rmust be made, As stated previously,
gxisiing data can be useful in determining whather natural atienuation will be sufiicient to pravent a
dissolved contaminant plume from completing exposurs pathways, or from reaching a predatermingd
poirt of compliance, in concentrations above epplicable regulstory or risk-based corrective action
stendards. Datermnining the likelihood of exposure pathway completion is an important component of the
nstural attenuation investigstion. The determinaiion is achieved by estimating the migration and future
axtent of the plume based on contarninani properties, including volatiity, sorptive properties, and
bicdegradability; aquifer properties, including hydrsulfic gradient, hydrauiic conductivity” effective norosity,
and {otal organic carbon (TOQC) content, and the location of the plume and contaminant source relstive to
potential recaptors (i.e., the distance between the lesding edge of the plume and the potential receptor
BXpPOSUre points). Thess parameters (estimated or actuzl) are usaed in the exampie that follows to make a
preliminary assessment of the effectivenass of naturs! attenuation in reducing sontaminant

concentrations.

If, after completing the siaps outlined in this Quantificetion of biclogical natural attsnuation saction, #
appesars that natural attenuation will be & significant factor in contaminant remeoval, detailed site charae-
tarizaticn aclivities in support of the natural sttenuziion remediatden is necessary. |f exposure pathways
have airsady besn complsted and contaminant concentrations axcesd regulsiory levels, or if such
completion ig likely, other ramadial maasures shouid be considerad, possibly in conjunction with natural
sfiznuaton. Even so, the coflection of data in suppeot of the natural sttenuation option can be integraisd
inwe & comershansive ramedial plan and may help reduce the sost and curation of cther rermadial
measures, such as intensive source ramaval opserations or pump-end-freat tzchnologies. For axampis,
digsclved ircn concenveiions c2n have & profound infiuence on the design of purap-and-lreat sysiems.
Tha seresning procsss presenied in this Quantificaton of biclegical natural attsnuation saction is cutlined
i Figure 3, The scresning procass gllows the investicaior to deteming whether natursl attenusticn is
likely to be 3 viable remadial elternative bafore additional ime and money ars expanded, The daiza re-
quired (o make the preliminary assessment of naturs! etianuation can also be used to aid the design of an
angineersd ramsdial saittion, shouid the screening procass suggest that natural stiznustion alone is not
faasibia. The following information is raquirad for the screening procass:

The chemical and ceochemical datz presentsd in Table Z for monitering wells locaisd in zonss
upgradient within the piume &nd doewngradient Figuras £A and 48 show the approximatie
locations of data collzction points al! of which are subsigntiaied in the appropriate flow and
contaminant sitz investication. If other contaminants are suspected, then data on the .
concentration and distrbution of these compounds also must be obtained.

- Locations of scurce(s) and recsptor(s).

v An estimate of the contaminant transport velocity 2nd direction of ground-water fiow.

Once these data have besn collected, the screening process can be underiaken, The following steps
summarize the screening process:

Determine whether biodegradation is coccurming using geochemiczl data. If biodegradafion
is oceurring, proceed to Step 2. If it is not. assass the zmount and types of data available,
If dzia are insufficient to determine whether biodegradation is occurring, collect

supplemental data.

2, Detarmines ground-water flow and soluie irangpert parameters, Hydraulic conductivity and
effective porosity may be estimated, but the ground-water gradient and flow direction may
not. The investigator should use the highest hydraulic conductivity measured st the site
during the praliminary sereening beczuse sofuts plumes tend to follow the path of least
resistance (i.e., highest hydraulic conductivity). This will give the "worst case” estimate of

B solute migration over 2 given period,

i Locate sources and cument and future receptor exposurs points.
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m 4. Estimate the biodegradation rate consiant. In ldeal cases, biodegradation rate constants

can be estimated using 2 consarvetive tracer found co-mingled with the contaminant

plume, a8 dasaribed by Wisdemaier et al, (38). Whnen dealing with a plume that containg

eniy chlerinaizd solvents, this precscure will have to be modified to use chioride a5 a

fracer. Rtz consiants derived from microcosm swudies can also be usad, i is not

possible to 2stimate the blodegracation rate using these procedures, then use a range of
acceptad litzrsture values for biodegradation of the contaminants of conzam.

5 Compars the rete of trensport (o the reiz of aftenuation, using analytical solutions or a
screening medel such 2s BIOSCRESN |

. Detarmine whather the screening critsria are met.
Each sizp is described in detail below,

Step 1: Determine Whether Biodegradation Is Qczurring

o orocess is (o sample & minimum of six nasted well lcoation areas that are
representative of the comamingnt flow systerm anc o analyze the samples for the parameters fistad In
Table 2. Samples should £2 1axsn 1) from the moset coniaminated penion of the agquifer (within or as ciose
tc the source arsg 23 ﬂo__ 1§ . 2) downgradient from the sourca gras, in the dissalvad contaminant
[

The firsi step in ihe scrésning

plurne (2 sample locati wngradient from the digsolved coniaminant piurme, and 4) from
upgradizat and Iqtcra‘( :5 ons e gt ara not effectes v e piums.

Samples collzgtad in the Sourca Ares sllow detarminzticn of the Somirant tarminal 2lestron-accesting
pracessas 2f the sife. Figure £ is supplied in ordar 12 lliustrate the higrarchy of the terminal elestron-
accagiing process, In conjunaion with samples ooiestss in the Source Ares, sérmnolas oollected in the
Dissaivad Cantaminsnt Piume cowngraaient from ine Source Arsz allow the Investigarer to deferming
whetner the plurme is dacrading with distance along the fow path and what the distribution of electron
accepters and donors end MsEDolc byproducts nﬂwﬁt bz zlong the flaw path. Tha sempie collectad
downgragisnt from the D's= vad Contaminant Piume sics i clume dsinesiion end zllows the invastigator
to determing whether matzooiic byproducts are presant in an arez of ground water that has apparently
bean unaffactad by tne sourss. The upgradient and lzteral samples allow delingation of the plume and
indicate cackground concantraricns of the electron accestors and donars.

E L g

After these samples have baen anglyzed for the parzrmelars listed in Table 2 (groundwater matrix
parametzrs), the investigzior should analyze the ¢zis to determine whether bicdegradation is occurning.
The reasaon for using the water (croundwater) matrix enly in the analysis described in the previous
sentence is beczuse the scoring procedure is bassd on ground watsr cancentrations and parameter data.
The right-hand column of Tzble 2 contains scoring values that can be used for this task. For example, if
the DO concantration in the zrez of {he plume with the highest contaminant concentration is less than 0.5
milligrams per iiter, this parametsr is awarded 3 points. Table 3 summarizas the range of pessible scores
and gives an interpratation for ezch scors, If the site scores & total of 15 or mare points, biodegradation is
probably securring, and the investigator can process to Step 2. This method relies on the fact that
bipdegracation will cause pradictznle shanges in ground-water chamistry,

Table 3. Interpretation of Points Awarded During Screening Step |

Score Interprefation
Utcd Inadzquate evidence for biodsgradation of chlorinated organics
M Stoid Limitad evidance for biedegracztion of chlarinated organics
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151020 Adeguste evidence for bicdegradation of chlorinated organics
=20 Strong avidence for biodegradation of chiorinated arganics

Consider the following two examplss. Example 1 contzins data for a site with strong evidence that
reductive dechlorination is ocourring. Example 2 contains data fora sife with sfrong evidence that

reductive dechlorination is not cocuring.

Example 1. Strong Evidence for Biodegradation of Chlorinated QOrganics

Conceniration in Most points
Anaivie Conmtarmingted Zons Awardad
DO 0. 1 mg/L 3
Nitrata 0.3 mg/L 2
Iron{lh : 10 ma/L 2
Sulfate 2 mg/L 2 ‘ -
Meathzans Ema/L 3
Cxidation/ =180 mv 2
reduction
poiental
Chiorids 3x background 2
FPerchlerosthene 1,000 mg/L o
(rejeasad)
Trichloroethene 1,200 ug/L 2

(none releasad)

Example 1. Strong Evidence for Biodegradation of Chiorinated Organics (cont.)

Concentration in Mest points
Analvie Contaminsted Zone Awarded
cis-1,2-DCE 500 ug/L 2
(none relezsed)
Vinyl chloride 50 ug/t 2

(nona releasad)
Total points awardad 23

I this axemple, tha investigator can infer that biodsgradation Is cccurting and may proceed o Step 2.

L TERART(L 24m)CR0FFIC EWPWINIWR R OC BIMATATTEMA EGIONG. WD versicn 2.0

)



L

Example 2. Biodegradation of Chiorinated organies Unlikely

Concentration in Mest Points
Anzlvte Contaminsted Zone Awarded
DO 3 mg/1 -3
Nitrats 0.3 mg/L 2
fran{!i) Not detected Q -
Sulfate 10 mg/L 2
Methane ND 0
Oxidation-reduction 100 mv a
patential
Chleride Background 0
Trichloroethens 1,200 ugiL 0 -
(ralezged)
cis-1,.2-Dichloroethene  Not detacted Q
Vinvl zhigride ND a

Total poinis awarded 1

In this example. the investigator can infer that biodegredation is probabiy not ocourring or is occurming too
slowiy to be 2 vigble remedial option. In this casa, ths investigator cannot procead o Stap 2 and will likely

have ic impiement an enginearad remediation systsm,

This scoring system was ceveloped by Dr. John Wiiscn gt EPA's REDERC and Todd Weidemeier of
Farsons =ngingsring and has bean peer reviewed,

Step 2 Determine Groundwater Flow and Solute Transport Parameters

If tha interpratztion of the score indicates biodegradation is occuming, it is important to quantify
groundwater flow and solute transport paramsters. U.8. EFA strongly recommends obtaining site specific
parameter data for supporting natural attenuation to the fullest extent pessible. Parameter Quantification
will rmake it pessibie to use a solute transpert mode! to quantitatively estimate the concentration of the
piume and its direction and rate of fravel. To use an analytical model, it is necessary to know the hydrautic
gradient and hydraulic conductivity for the site and to have astimsies of the effective porosity and
dispersivity. The coefficient of retardation also is helsiul to know, Quantification of these parameters 8
discusssd by Wiedemeijer ef al, (1); the textbook Contsminant Hvdrooeology {Fetter, 1892), The Saoil
Chemiziry ef Mezardeus Matarials (Dragun, 1383), Ezsics of Pumo-and-Treat Ground-Waigr Remediation
Technolosy (Mercer et al, 1890), Brincipies of Groundwster Engineering (Walton, 1991), and Ground

Water lssue Papar Beslg Concants of Oraanie Conteminznt Sorption st Hazardous Waste Sites (Piwoni et

al, 1850) alsg contain information on thess variables.

To rmake modsling as accurate as possible, the invesisstor rmust have site-specific hydraulic gradient and
hydraulic conductivity data. To determing the ground-water fiow and solute transport direction, the site
must have st least three sccurately surveyed wells, Tor the maost simplistic site hydrogeologic conditions,
The sffsctive porosity and disparsivity are generally estimated using accepted literaiure values for the

b
[

TLIBIIET T sk G P ICEWRWINWWR DO C S\WATATTENIREGIONA WPD vawsicn 3 5

N



.-

types of sediments found &t the site. If the investizator does not have total organic carbon data for soil,
the coefMcient of retardation can still be estimated using default literature vaivas for total organic carbon,
soil buik density, and the sauifer effective poresity; however, assurning that the soiuts transport and
ground-watar velocitizs are the same is psually consarvative,

Step 3: Locate Sources énd Receptor Exposure Points

To deferming the length of flow for the predictive modeling conducied in Step &, it is important to know the
distance betwesn the source of contaminztion, the downgradient end of the dissolved plume and any po-

tantiai downgradient or cross-gradient recaptors,

Step 4: Estimate the Biodegradation Rate Constant

cetimated biodegradztion rates can be used only zfler bicdegradation has bean shown to be occurring
(sea Step 1). The biedagradaiion rate is one of the most impartant medel input parameters.
Bindegradation of chlorinaiad zliphatic hydrocarbens can commaonly be representad as a first-order rate
consaEnt. Site-specific biodagradation rates are requirad due to the sensitivity of this parameter to
modeling results and because of the dependence biciogical degradation has on the physical properties of
the sits. If gethering site specific dagradation rates is zbsolutely not possible the a method for obizining
this value should be negotistad with the technicalfpanias for U8, EPA N

Step 5: Compare the Rate of Transport to the Rate of Attenuztion

At this early sizge in the natural aftanuation demonsiration, comparisen of the rate of solute transpori to
the rate o1 afienuation is besi aczomplished using &n analvtical medel, Several analytical modsls gre
avalighbie, pul the BIOSCREIN maodel is probabiy ths simplast currantly avaiiabie mode! to usa.
SIOSCREEN was coveioped to simulats biological degradation of nydrocarbons and the suggestiors
selow shculd be ingarperaizd into runming the modsi for use on chicringias solvent plurmes. The model is
nonproprisiary end is avaiable from the Robert S Knrr L,anoratory 5 heme pags on the Intemet
(www.apa.goviada/kerriab.htm). The BIOSCREEN mogsel is based an Domenico's salution (o the
asdvection dispersion equation (38), and allows use of either a frsi-order bicdegradation rate gr an
instzniznecus resction behwasan contaminants anc alecron sccepiors to simulate the afecis of
Sigdagradetion. To maeds! transport of chicrinateg elipnatic hydrocarbons using SIOSCREEN, oniy the
frst-orcer dacay rafz option should be usad, The model BIOQCHLOR is under develepment by the
Technclogy Transfer Division of Air Foree Centar Tor Environmenta! Excallencs (AFC:_, The
BI0CHLOR mede! will be gsarad towards aveluating transport of chicrinated compounds under tha
influence of bicdegragation. EIOPLUME Ill is currentiy being peer reviewsd by U.S. EPA and will be g
aurnerical model that will simuiate biological decay of organic compounds. Other models existand a
literzture s=arch for thesa models is recommended.

The primary purposs of comparing the rate of transport with the rate of aftenuation is to determine
whether the residence time along the flow path is adeguste to be protective of human health and the
anvironmeant {l.e., to gualitatively estimate whether the contaminant is attenuating at a rate fast encugh to
allow degradation of the contaminant to acceptable concentrations before receptors, or potential
raceniors, are reached). It is important to perform & sensitivity analysis to help evaluate the confidance in
the preliminary screening modeling effort. f modeling indicates that natural attznuation may attain
remedis! aclion objectives, then the screening criteriz are met, and the investigator can proceed with the

rigtural alienustion feasibility study.
Step §: Determing Whether the Screening Criteria Are Met

Sefore proceeding with the full-scale natural atteruziion feasibility study, the investigator should ensure
that the answers to all of the following criteriz are "yas";
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. Has the plume moved a dislance less than expectad, based on the known (or estimated) ime
since the contaminant release end the conterminant velacity, 2s cajculatad from site- Spa::-ac
measuremants of hydraulic canductivity and nydraulic gradient, as well as estimates of eactive
effective porosity and cantaminznt etaraaucu”P The time of release is often diffficult to 2zzertain
and it is recommended that confarring with thia regulatory znd facifity parties involved witn the sits
be performed in order to prevent costly time and effort with an unsuitabls time.

* Is it iikely that the contaminant mass is atienuating at rates sufficient to be protective of human
hezlth and the environment ai a compliance coint, or point of discharge to a sensitive
gnvironmental receptor? -

» Is the plume going to attenuats to concentrations less than risk-based corrective action guidalines
or regulatory criteria before reaching potential receptors, or a compliance point?

Collect Additional Site Characterization Data To Support Natural Attenuation, As Reguired

Detailed site characterization is necessary to document the potential for natural attenuation. Reviaw of
axisting site characterization datz is panicuiarly useful before initiating site characterization activiias,
Such review should allow identification of data gaps and guide the most affective placement of accitional
data cellection points, There are two goais during the site charactenzation phase of a natural afisruzstion
terming whether hatural mechanisms of

invastigation. The first Is to collect the data nesdas to dais

cantaminant altenuation are ocourming a7 rates sudicisnt (o protect human health and the environmant.

The sacond is 1o provide sufficient sitz-specific dzta 1o &llow prediction of the fufure exient and consen-

traticn of 2 contaminant plume through suiuls fatz eng transport modseling. Becauss the burden of sroof

for netural ananuation is on the preponant, detsllsc 2iis characierization s reqmred to achieve theze goals

znc fo supser this remedial eotian. Adscuats siis chargcterization in support oF naturs! aftenuasion

raguirss inat e following sie-specific narameters pe catermined:

. Thne exiznt and type of soil and ground=-wetisr zontaminsion.

- The logation and extent of contaminant scurce aras(s) (i.e., arsas containing mobiie or residual
NAPL).

. The cotentigl far & continuing source dus 0 182king tBnks or pipelines.

. Aquiter geochamical parameters,

. Regionzl hydrogeoclegy, including ground ws:isr that is a current or potential source of drmmg

watew or discharges Into an ecologically sensitive ares and regions! confining units.

. Local and site-specific hydrogeology, including local drinking water supplies; location of ingustrial,
agricultural, and dormestic water wells; patterrs of ground water use [currant and future) linology;
site stratigraphy, including identification of transmissive and nontransmissive units; grain-siz2
distribution (sznd versus silt versus clay); periitioning coefiicients; aquifer hydraulic conduciivity;
groundwater hydraulic infarmation; preferentiz! flow paths; locations and types of surface water
bodies; and areas of local ground-waisr reshargs and discharge.

v identification of potential exposure pathwavs end receptors,

The following sections describe the methodologies that should be implemented to allow successful sie
charas *arization in support of natural attenuation. Additdonal information can be obtained from

Wiedarmzier et &l. (1, 37},
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Sail Characterization w

To adeguately define the subsurface hydragaciogic svstam and to determine the amount and thraa-
dimensional distribution of contaminant mass that can ast as a continuing source of ground-water '
contamination, extensive soll characterization mus: be compieted. Soll cheracterization may have besn
completed during previous remedial investigation activities. The results of soils characterization will be

vsad as input inte 2 solute fate-and-transpor mods! to help defing & contaminant source tarm and to

support the natural sttznuation investigation, .

The snalytical protocal to be used for sofi, aquifer mairix and soil gas sample anzlysis is presenied in
Table 1A, and 1B. The analytical methods inciudas ail of the paramaters necessary (o decument natural
attenuation, including the affecis of sorption and bisdearadation. Knowledge of the logation, digiribution,
concentraiion, and total mass of conteminants of regulatory concern in soils ar prasent as rasidusl and/or
mobile NAPL is required to calculate the mass transtsr rate from the contaminant source to the greund
watsr. Knowledge of the TQC contant of the aguifer mairix is important for scrotion and solute-retardation
caleulations. TOC sampies should ba coilested from & background location in the siratigraphic horizon(s)
whers most cantarminant transpert is expested {0 ocsur, Oxygan and carbon dicxide measurerments of
£cil gas can be used 10 find aress in the unsaiuraizd zene wheare biodegradation is ceourring. Knowiedgs
of the distribution of contaminants in soil gas can be ussd a5 a cost-affective way o estimate the extant of

scil volstile organic compound contarmination. B

Groundwater Characterizztion

o adecuzisly detarming the amount and thres-dimensional distribution of disscived contaminaticn and to
document the occurrancs of naturst zttenuation, c*:un:-weter gamples must ce collacied and ansivzed.
gicdearadation of organic compeunds, whather netoral or enthropogenic, brings about maasurabis
cnanges in the chemistry of ground watzrin the Eﬁ:':'.:’:.' ares. Sy measuring thass changes,
decumeantation and queaniiistive avaivaticn of naiure! ensnustion’s imporiance &t & sits are possitls. .ﬁ

Groundwetar sampling is conduciad to determine ::e cancentratons and distribution of conteminanis,
dazughiar producis, and ground-waar geos Haml | zararmsters. The analytical protocol for ground-watar
sempiz gnalysis is nresentaed in Tadle 1A and 12, The z2ne iy tical protocsl ing! L.d=S all of the paramelars
neces ;'y to document natural attanuation, ux..__ ng the effects of sorption and bicdegradation. Data
cotzined from the analysis of ground water for thass anaiyies is used to scientificzlly document naiursi
attenuation and can be usad as input inte a soluis fete-znd-transport model. The following paragraphs
desoribe esch ground-water anglytical paremetar 2nd the use of sach analyts in the najural attenuation

demonstration. )

Veiatiie organic compound anelysis (by Mathod SWEE280a) is usad io determine the ftypes, concenirations,
and distributions of contaminants and daughtsr procucts in the aguifer. Figure 1 (44) is inciuded in the
text for illustrative purposes. DO s the electron acoaptor most thermodynamically fzvored by microbes for
the biodegradation of arganic carbon, whethar natursl or anthropagenic. Reductive dechlorination will not
accur, hewsver, if DO concentrations are above apsroximataly 0.8 milllgrams per liter, During aercbic
biodegradation of & substrate, DO concentrations dacressa becauss of the microbial oxygen demand.
Aftar DO dapletion, anasrobic micrabes will use nitrate containing compounds as an slactron acesptor,
foliowed by iron{lll} contalning compaunds, then sclfate sontaining compounds, and finally carbon diexids
(m=thanggenasis). Esch sequent:e.l reacion drives the oxidation-reduction potentfal of the ground waler
wurthar toward conditions that favor reductive dechicringtion. The oxidation-reduction potential range of
suligte raduction and mathanogenssis is optimal, bui recuctive dechlorination may ocsur under nitrate-
and iren(lil-reducing conditions as well. Because reductive dechlorination works best in the sulfats
racuction and methanogenesis oxidation-reduction ooteniizal range, competitive excft.szc:an betweem micro-
bizl sulfzte reducers, methanogens, and reductive cachicrinators can cocur.

9

Afier DO has been depleted in the araa of the plums whare chiorinated alinhatic compounds are being .9
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anzerobically remadiated (treatment zone), nitrate-containing compounds may be used as an electron
acceptar for anaerobie biodacradation via denitrifizztion. In some casss iron(lii)-containing compounds
are used as an electron acceptors during anaerobic biodegradation of electron doners. During this
process, iron{lif) is reduced o the more soluble irondll). Iron{ll} concentrations can thus be used as an ¢
indicator of anaerobic degradseiion of fuzt compourzz, After DO, nitrate, 2nd bicavailanie iron(lll} have
bean depleted in the ares ¢f the plume where chicrinatad aliphatic cornpounds are being anasrobically
remediated, sulfzie-containing compeunds may be usad as an eleciron accepior for anaerobic
biodegradation. This process is termed sulfate reduction and results in the produciion of sulfide-
containing ¢compounds. During methanogenasis {an anaercoic bicdegradation process), carbon dioxide
{or acetate)-containing compeunds ars used as &n &lzciron sceeptors, and mathang is-oroducad.
Methancgenesis gengrally ceours 2fler axygen, nitraiss, bicavailable iren(lll}s, and sulfaizs have been
depleted in the treatment zone. The presence of msthane in ground water is indicative of strangly
reducing conditions. Because mathang is not presant in fuel, the presence of mathane in ground water

)

above background concentrations in cantact with fusis is indicative of microbizi dagradation of fue!
hydrocarbons,

The total alkalinity of g ground-water system is indizative of a water's capacity to neutrsiize acid,

Alkalinity results from the presence of hydroxides, carbonates, and picarbanzatizs of slements such 25
calcium, magnesium, sodium, potassium, or ammenia, Alkalinity is important in the maintsnance of
ground-watar pH beczuse it buffers the ground-watiar sysierm against acids generated during both aercbic

snd anaerobic bicdegradation.

In general, areas contaminziad by fusl hydrocarbons exhibit 2 totel alkalinity that is nigher than that sean
in Background zreas. This s sxgested because the misrobially madiated reections causing
b\meurdcaﬂm of fuel hydrocarnons causse an incrzzse in the 100@] slkalinty in {38 sysiem. Changes in
alkelinity are mast pronouncad during ssrobic raéscireton, denitrificsticn, iron reduction, and sulfate
reduction, ang are less prongunsad du 1=.g methancosnesis (40), In additicn, Willsy et 2l {41) show that
shert-chain aliphsatic acic icns sroduced during biccegradation of fusl hyd'OCar"DﬂE can contributa to

zlkalinify in ground watar.

s
=

The oxigation-raduction coiential of ground water i & measure of eigctron activity and an indicator of the
relative tgndengy of 2 soidtion to zccent or trensier slscirons. Redox resctons in ground watar containing
orgznic compounds (nawral or amhropocen:c; are usuzlly biologically med:a:e_, therafors, the oxigation-
reduction potﬂnt‘al of 2 grourc-water svsiem dépercs on and influsnces ratas of biodegradation.
Knowlgedge of tha oxidalion-reduction pwentml of groung walsr giso s |mcor“arn Decause some bigicgical

processes gperate only within g prescribed range ‘of radox conditions, The oxigation-raduction potential of

ground water generally rangss from -400 te 80C rmiliivelis (mV). Figure § shows the typical redox
conditions for ground water whan different electron acceptors are usad,

Oxidatien-reduction potential czn be used to provide real-time datz on the location of the contaminant
plume, especially in areas undargoing anasrcbic biccegradation. Mapping the oxidation-reduciion
potential of the ground water whiie in the fleid helps the fleld scientist {0 determing the approximate
location of the contaminant plume. To perform this t2sk, it is imperiznt to have =i least one redox
measurement (preferzbly more) from a well located upgradient from the plume, Oxidation-reduction
potential measurements should be takan during well purging and immediately before and after sample
ecquisition using a direct-reading metar. Ezcause most well purging technigues ¢an allow agration of
collssted ground-water samgles (which can affect cxidation-reduction poteniial measurements), it is

imeoriant to minimize potent‘eai aaration,

1N

Dissolved hydrogen {gas) concentrztions can be ussd io datermine the dominant terminal giectron-

accepting process in an aquifer. Table 4 and Figure 5 zra presenied to réspectively prasant thé range of
Rydrogen concentrations for & given tarminzl ele¢iren-gcoepting process and the hierarchical scheme for
dizgnasing the terminal electron-accepting process. Much research has baen done on the topic of using

hvdrogen measuremants to delineate terminal eleciran-acsepting processes (42,44), Becauge the

eniciency of reductive dachlarination differs for rmethznogenic, sulfate-reducing, iron(li-reducing, ar
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denitrifying conditions, it is heipiul {c have hydrogen concentrations to help delineate redox conditions m
when avaluaiing the potential for natural attenuaticn of chlorinated ethenes in ground-water systems,
Collection and analysis of ground-water sarples for dissolved hydrogen content is not yet commonplace

or sizndardized.

Table 4. Range of Hydrogen Concantrations for a Given Terminal Electron-Accepting Process

Terminal Electron. Hydrogen Concentration
Accepting Process {nzanomoles per {iter)
Denitrification < 0.1

Iren{il}) reduction 02008

Suifete reduction Tic4

Methznogenesis >3

Becsausa the pH, temperature, and conductivity of & ground-watsr sample can change significantly shortly
following sample acouwisition, thase parametars musi b2 measured in the field in unfiterad, unpreserved,
"fresh" water collected by the same ischnigue as the samples taken for DO and redax anaiyses. The
messuraments should be made in 2 Clszn glass contziner separate from thesa intendad ar leboratary
gnalysis, and the measured values should be recsrdsd in the ground-water sampling racarc.,

Tre pr of ground watar has an effect on the presence and activity of microbial populeiions in the around

watsr. This is especially truz for methancgans, Microbes capable of degrading chiorinataed zliphaiic

hvdroearbens and petreleum hygrocarbon campeunds generally prafer pH values varying frem &0 8 .,
siandard units. Ground-water tampeersivre directly 2¥zcts the sofubility of oxygen and othar gecchemical w
speciss. Tne solubiiity of DC s tzmperziurs depsendent being more solubls in cold watar than in warm

watgr. Ground-water temperaiurs aiso affscts the metabolic activity of baciaria, Reas of hydrocarzon
blodegradation roughly deubls for svery 10°C incrssss in temperature ("Q",, rule) over the famperature

range cstween 5°C and 25°C. Ground-waisr tempsreiures less than about 5°C tend 1o inhibit

bicdegradation, and siow raizs of bicdegracation are generally observed in such waters.

Conduciivity is & measure of the abifity of 2 sciution to conduct electricity. The conguctivity of ground
watar i3 directly relafed to the conceniration of ions in solution; conductivity increzses as ion concentration
ncrezsas. Conductivity messurements ars used & snsure that ground water samples cellacted 2t a site
are reprasentative of the waier in the saturaied zons containing the digsalved contamination, If the
conduciivities of samples taken from different samciing points are radically differant, the waters may be

fram different hydrogeclogic zones.

Elemental chioring is the most sbundant of the halogens. Although chilerine can occcur in oxidation states
ranging from CI" to CI'", the chioride farm (C ) is the cnly form of major significance in natural waters (45).
Chloride forms ion pairs or compiexations with some 27 the cetiens present in natural waters, but thesa -
cormplexes are not strong encugh to be of significzncs in the chemistry of fresh waisr (48). Chioride jons
gznearzlly do not enter into oxidation-raduction reaciicns, form no imponiant solute complexes with other
ions uniess the chloride concentration is extrarmely high, do not form salts of low solubility, are not
significanily adsorbed on minaral suraces, snd pizy faw vital biochemical roles {45). Thus, physical
procsssas confrol the migration of chloride ions in the subsurfzee, &nd chloride is 2n affective
conssrvative tracer of ground-water contaminant plums migration.

u

During biodegradation of chlorinated hydracarbens dissolved in ground water, chlorids s released into the
ground watar, This process results In chlaride concanirations in the ground water of the contaminant
piume that are elevated relative to background concantrations, Because of the nonresctive behavior of w
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chioride, it can be used as a conservaiive fracer (o 2stimate biodegradation rates using methods similar to
thosa distussed by Wisdemeler et al. (35),

Fiald Measurement of Aquifer Hydraulic Parametars

The properiies of an aquifer that hava the grestes! '=ozact on contaminant fate and transzor incluge
hydrauiic conductivity, nydraulic gradient, eﬁe..d e coresity, and dispersivity, Estimaiing hydraulic
conduetivity and gradient in the field is fairly straigh'crward, but obtaining fleld-scale informaticn on
eifective poresity and dispersivity can be difficuit

Therefore, most investigators rely on fleld data for Rvaraulic conductivity and hydraulic gradient and on
literature valuas for effective porosity and dispersivity far the types of sediments presant at tha site
Methods for field measurermnent of aguifer hydrauiic caremetars are described by Wisdemeier at 2). (1,
37). Acditionzl sourcas of information Is found in Groundwater (Fresze & Cherry, 1879}, Aoplied

Hvdrogegiooy (Fetter, 1988), and Contaminant Bvi-~-zclagy (Fetter, 1993).

Microbiological Laboratory Data

Microcosm studies are used to show that the micrecryanisms necessary for biodegradation are present
and 1o help quantify rates of biodegradation. |f pr::::y designed, implemenied, and interpretar,
microcest siudies can provide very convincing ¢ocurmentation of the occurrence of bnodegradatxcn. The
maost czmmcn technique used to show mxohcxtfy ih&l microorganisms capable of degrading comEminants
prasewt { & site is the microcosm sudy. The resui‘s of a well- -degigned microcosm siudy “will be azsgy for
cesisicn-makers with nontechnical backgrounds 2 in: a' re* Results of such studies ars strongly
influenced by the nature of the geological materiz; suomitied for study, the phys.cal propsries of the
microcosm, the samoiing sirataagy, &nd the durstics 270 smr:fy B=cause misrocosm $tudisg g2 Ume-
comsuming #nd axpensive, they should be undemexss or!y &t sites where tharz is considers b!e
LNCEMEiny concemning tha biodegradaiion ¢f conia=i=anis,

Biodegradetion rate constants detgrminad by micrsz2sm studies ofien are rmuch graater than raras
gshisves i tha fleld. Microcosms are most Epprc*‘.’?:‘_: 25 indicators of the poter'tia! for natural
bisremsadistion &nd 0 prove that lossas aré biclagisa:. ut it may be inappropriate to use tham fo generats
r“-ﬂ conganis. The preferable mathod of contam IHE'T biodegradation rate-constant detarmination is in
situ fiald mezsuremant, The collection of material for =2 micracosm study, the procadures used to set up
and gnsalyze the microgosm, and the interpratation o7 1me results of the rmicrocosm study are presented by

Wiedersgiar et al. {1).

Refine the Conceptual Model, Complete Premodeling Calcuiations, and Document
Indicators of Biological Degradation

Shie investigation data should first ba usad © refing i~ s conceptual model and quantily ground-watsr flow,
sorption, dilution, and piodegradation. The results o Tmase caleulations are used to s::lertlﬁc.aliy
document the occurrence and rates of natural sttenustion and to help simulats natural eienuation over
time. Secause the burden of proof is on the propensni. all available data must be integrated in such a way
that the avigence is sufficiant to suppert the conclusics that natural attenuation is occurning,

e

Conceptual Model Refinement

Ceoncepival medal refinemant involves integrating newiv gathered site characterization data o refins the
preliminzsy conceptual moedel that was developed = 55: an previously existing sita-spacific data. During
conceniugl model refinemsant, ail available sita-sp22iT2 Zaig should be integrated to develop an sccurate
thres-dimansional representation of the hydroneol ‘= gnd contsminant transport system. This
conceptusi model can then be used for camiaminars: fze-znd-transpornt modeling. Concaptual modsi
refinement consists of several steps, including pras

s
=
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potaniiometric surface/wster table maps, contaminant contour (isopleth} maps, and electren accepior and &
matabelic byproduct contour (iscpleth) maps, Refinsmeant of the conceptua! mode! is described by

Wiedemaier et al. {1).

Fremodeling Calculations

Several calculations must be made prior to implamaniation of the sclute fate-and-fransport medel, Thess
calculations include sorption and retardation calculations, NAPL water-gartitioning calculations, ground-
weter flow velogity cafeulstions, and biodegradation rats-constant caleulstions. Ezch of these caleulations
is discussad in the following sections, Most of the soecifics of each czlcuiation are presentad in the fusl
hydrocarson natural aiencation technical protocol by Wiademeaier et &1, (1), and &ll will ba presented in the
protocyl incorparating chiorinated aliphafic hydrocarton attenuation (37).

Biodegradation Rate Constant Calculations

Biodegradation rate consiants are necassary to simuizate accurataly the fate and transport of conizminants
dissolved in ground waisr. In many cases, biedegradation of centaminanis can be approximated using
first-order kinetics. Teo caiculate first-order biodegrzdation rate constants, the apparent degradation rats
must be normalized for the effects of dilution end veoiatilization. Two methods for determining first-ardar
rata congtants are described by Wiedemeler et al. (25). One methoed involves the usa of a biologiczlly
recalcitrant compound found in the dissoived contaminant pluma that can be used as & conservative
tracer. The cther meinod, proposed by Buscheck ang Alcantar (27) invalvas intarpretation of & sizady-
state conteminant nlume and is based on the one-gimsansionai steady-state analytical solution to tha
advection-dispersion aguation presented by Bear (£8). The first-erder biodegradation rate constants for
chigringizd aliphetic hvdrocarbans gre aiso press gntec {J. Wiison et &l Dallzs Svmposium Notas).

Simulate Naturai Attenuation Using Seoiute Fate-and-Transport Models w

Sirmulating natural gttsnustion using a sofule fate and trenspent mede! gllows prediclion of the migraton
and attenuation of the contaminant pluma through tims, Natura! azanuation modeling is a tool that &llows
sitg-spacific data to be used to pradict the fate and fransport of soiutes undar GOVE"HIFIQ chysical,
chemical, and biciogical srocessas, Henee, the rescits of the modsling affori ara not in thernselves
sufiicient proef that Tnatura! attenuation is ocourming &t & given site. The rasults of the modeling effort are
only &8 good s the original data input into the mocs!; therefore, g7 invesiment in thorough site
characterization will improve the vaiidity of the medsling resufts. In seme cases, siraightforward anzlytical
models of contaminant afenuation are adequats 4o simulate natural aftanuation.
Several well-documentiad and widely accepted soluts fate-and-transpert models are available for
simuiating the fate-snd-trensport of contaminants under the influence of advection, dispersion,'sorption,
and biodegradation, The use of solute fate-and-irzrspart modeiing in the natural attenuation investigation

is described by Wiedemelsr et al. (1),
Identify Potential Recaptors, and Conduct an Exposure-Fathway Analysis

After the rates of natural eftenuation have been documented and predictions of the future extent and
concenirziions of the contaminant plume have besn made using the appropriats solute fate-and-transport
model, the case for natural zitenuation should comzine all aveilzbia datz and information to prasant the
basis for using this 25 & remedial opticn. Supponing the natural atenualicn option generally will involve
performing a receptor exposure-pathway analysis, This anslvsis includes identifying poientiz! human and
ecological recaptors and points of expeosure under currant and future land and ground-water use
scenarios and the © critaria in the Feasibility Study, “rne results of sciute fate-and-transport modeling are
cantral to the exposure pathways analysis. f conservative medel input perametars are used, the soiute
fate-znd-transport modsal should give consarvative esiimates of coniaminant plume migration. From this
Information, the poteritizl for impacts on human hesiin and the environment from contamination present at ‘

LN
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the sita can be estimated.

Evaluate Source Control

Lecnnuloyes suitable for source reduction ar remeval &rs listed in Figure 2, Other technolognes may also
b& used as dictated by site conditions and locat reguigtory reguirements. Source removal can be very
eifective at limiting plume rigration and decreasing the remediation time frame, especially at sites where
bicdegradation is contributing to natural attenuation of & dissolved contaminant plume.

Prepdre a Long-Term Manitoring Plan

Experience at 40 Air Force sites contaminated with fuel hydrocarbens using the protoco! presentsd by
Wiedemeler ot al. {1) suggests that many fuel hydrogarbon plumes are relatively stable or are moving very
slowly with respect to ground-water flow. Thesz sxzmzles demonstrate the efficacy of long-term
maonitering to track plume migration and to validai2 or rafine medeling results. There is not a largs snough
database available at this time to assass the stability of chlorinated solvent plurnes, but in the authors'
expariznce chiorinated solvent plumes ars likely to migrate further downgradient than fus! hycrecerhon

(==

piumes befors reaching stezdy-state eguiiibrium o before receding.

The igng-tarm menitoring pian consists of locating 2r sund d-water monitoring wells 2nd develcpmg a
ground-water sampling and analysis strategy. This tian is usad to monitor piume rigration over ime and
to varity that nawral attenuation is cceurring at ratas suffic cient o protect patential downaradient recestors.
The long-tarm menitering pian shouid ba \.JE.‘VEIOD’:': ces84d on site characterization dzie, the results of
soluis fzie 8nd transport modeiing, and the resulis o7 18 exposure pathway analysis,

[N A PN

s long-ierm monitoring pian includes monitoring welle for long-term monitoring that are intendas 0

i

oy

cdetarming whether the behavior of the ciume is cranging; for monitering additicnal piure growt and
SoMEMINENT cistribution | end to trigger an action iz marags tha risk associated with such expansicn.
Figures 44 and 4B denict schematics for potential ce—ormance avaluation wells, The final number and
slgcement of long-term monitoring and DE"I'Dr"'lEFC: valy aticn wells is defermined through reguliatory
reaLiraTE! z § =Nd may change as conditions at the sits change. [ocations of long-tarm monitering wells
a7 g n the behavior of the plume a3 revezles Zuring the intial site charactarization and on
regulaiery ccnsidera’cions.

The rasuits of 2 solute fate-and-tranzport model can o2 used o help locate the long-term monitoring weils,
To provide a valid monitoring system, all meonitaring weiis must be screened in the same hydrogenslogic
unit as the contaminant plume, This genarally reguirss detailed sratigraphic correlation. To faciitata
accurete siratigraphic CDJ’TE‘lEtICJH detailed visual desariptions of all subsurface matariais encountersd
curing borehole drilling should be prepared prior te mio normg-well installation.

A grouns-watsr sampling and anzlysis plan is requirss In conjunction with  long-term monitaring weli
pizcement. For long-tarm monrtorlng groundwater anzlyses should include volatile organic compounds,
CQ, nitraigs, iron(il}s, sulfaies. metais and methans. For wells known to be considerably downgredient,
groundwater analyses should be limited to deteremining voiatile organic compeounds, metals, and 0O
concaritgticns. Any site-specific analytical requiremanis alse should be addrassed in the sampling and
gnalysis pian ¢ énsure that all data raquired for reguistory decision-making are collected. Water leveai and
zny NAPL thickness messurements must be made Zuring each sampling event. Except at sites with vary
low hydrauiic conductivity and gradients, bi-monthly sampling of long-term manitoring wells is
recommended during the first year to halp determing the direction of plume migration and {0 determine
taseline datz. Monthly precipitation data should &lso bs coilected from the nearest Weather Service
Centar, Sasad on the results of the first year's samgling, the sampling frequency may be reduced to
grnual sempling in the guarter showing the greatest sxient of the plume. Long-tenm sampling frequency
czpends on the final placement of the point-of-comniz= e monitgring wells and ground-water flow valogity
and ather recuiatory congiderations made during risk mznagement decision making.
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Present Findings and Obtain Consensus for Remediation by Natural Attanuation

A natural aftenuation remedial alternative will be eveluated using the nine critaria used to evaluate other
remedial alternatives. Al available site-specific catz and information developed during the site
characterization, conceptual madel developmant, premodeling calculations, biodegradation rate
czicutation, ground-water modsiing, model docurnentation, and leng-terrn monitoring plan preparation
phasas of the natural attenustion investigation should be presented in a consistent and compiementary
manner during the Feasibility Study (FSY Correciive Measures Study (CME) process. Evidence that
natural aftenustion is occurring at rates sufficient to mest regulatory requirements, and o protect human
hezlth and the environment wili ba prasentad during the FS/CMS or Remedial Design/Remedial Action
(RD/RA) or Corrective Remedial Action (CRA) stage of site work, A “weight-of-avidence” argument is
necessary to support this remedial ¢ption. For this reason, all mode! assumptions should be consarvative,
and ait available evidence in support of natural atisnuation must be presented with regulatory

raquirgrnents in ming.
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Table 1A, Soil and Ground-Water Analylical Methods®
All monitoring well installation, well development, weil purging, sampling, sample handling and
sample analysis where recommended will be performed in accordance with the May 1996 Region 4
ESD Environmental Investigations Standard Operating Procedures and Quality Assurance Manua!

(ESD EISOP-QAM available from fip./www.epa.gov/pub/réftp/sesd)

Matriz Analysis Method! Comments™® | Data Use Recommended Sample Volurne, Fiald gr
Refersnce™ Frequency of Sample Contain, Fized-Base
Analysis Sampie Preservation Laboratery
Eoil Vaolatile SWEZE0A Handboak Useful for datermining Each soil Sample volume Fixed-hosa
Organk: methed the extant of il sampling round appraximately 100 mi; ,
Compeunds medified for contaminaiien, the subsample and extract I
flaid extraction | contaminant mass present in the fiedd using
of sail using and the ne=z for source methanol or appresriate
methanol removal solvant; caol to 4° C .
Sail Tetal Crganie SWB0E0, Procedure The ameunt of TCC in the At Initial sampling Collect 100 g of soifina | Fixed-base ;
Carson mexiifred for must ba aguifer matrix influehces glass gortainer with .
(TQC) soil samples | accurataover | contmirant migratian and Teflon-lined cam ool o g
ihe range of biodegracetion £ {
0.1t % ‘[
TOC |
Seil tethane, O, Flaid =ail gas usaful far datermining the At initial sarmpiing Reusasle 3-1, Taslar Field ]
gas 0, analyzer bicactivity ifs the vacose and resgiration bags '
zone testing 1
Sail Fuel ard EFPA Methad Useful for Jatarmining e Al initial sampling | 1-L Summa canister Fxed-tese i
gas chioarzad TO-14 dismizution =f enlzrinzted . ;
wolatile zrganic and 2TEX zampeunds in '
Sanoaunds B30 |
Water Aramatc and SWaZSOA andboeck Meathae of analysis far Zach sampling Callect watar samzies Fixed-case i
enierinaied rrethod: B7EX ang snlernated round i & 40l valatile |
ITySrotamons anaiysis may solvents, Tyerodusts whish erganic anatysis vial: f
m (872X, ba extended to | are the srimery arget coci te 4% C; add !
Timerytherzens pigher ghalytes fzr moniisoing hydrechleric aeid t2 i
isomers, moleculars sistogical degradetion; pH2 |
enlerinated waight alkyl metnod 225 he axianded ta j
CRTDOUNGES NAMZOMES higher maisauiar weight
alxyibenzanes:
timetnylperizanes are used
to moniter zlume dilution if
degradarien is grirmarily
gnaerabic,
Water Pobymysia Gas chroma- | Analysis PAHs are companents of As reguired by Collect 1 L of waterin a Fixed-base
aromatiz hyd- tography needed only fuei ang are typically regulations glass cantainer; caol ¢’
carbens (FAHS) Methed when required | analyzed for regulatory &0
(tntended for SWE2Z708: for regulatary compllance
cdesal andfar and | high compliange
otfer heavy ofks) parformance
liquid
[=iglyaley =
togragdy
Methad
SWE310
water Creygan DO meder Refer to Concentrations a5 than 1 Each sampling Measura DO an sie Field .
' (Nete: DO Method A4500 | magl generzily indicate round using a flawthrough
meter should | forz anagrobic pethway gell, A DO meter
be cafibraied | comparabie calibration Is necessary
batwesn jabaratory ang the Nowthrough cell
gach well procedure, shoutd be observed to
using the two mzke sure degassing is
paint pagurting, if so
methad) apparatus adjustment
will be necessary.
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Table 1A.: Saif and Ground-Water Analylical Methods® (confinued)

Matrix Angiysis Method/ Comments™ Data Usa Fecomenended | Sample Voiure, Fiald o
Referance™ Frequency of Sample Contain, Fized
Analysiz Eample Presaryation LabarZ,
Water Nitrata IC method E- Mathed E300 s 2 Substrzie far migrobial Each sampling Coliest 20 mL of watar Fhaddt ,
| 300 Handbook Method | respiraiicn if axygen is round - in 2 glass ar plasts
depletes contziner; add HZ504
I to pH = 2, keen coql
Vvater tran(ll) (Fa5) Colorimatric Fllter if turbid May indicate an anaerchis Sach sampling Collect 100 mL of water | Field
HACH Methed degradatisn process dueto | round in a headspace fres
8145 deplation of axygen, nirate, cantainer ke eliminate
and mangenessa infroduetion of cxvgen
f and analyZe as soon as
i passible
! Vater Sulfate len Methed E300 s 2 | Substrate fer 2naerabic Each sampling Collect up to 48 mL of Fixed-base
: (50, Chrornelograpy | Hendbook migrokia) ressiration round wates i a glass er
Mathod E300 or | methad; de not plagiic cantziner, cadl
HACH Mettod | use the field to A%
8051 mathed if this
methed b5 used.
Watar Sulfste HACH Methed ; HACH Methed Substrzte for anasrgbic £ach sampling Callect up to 40 mL ! Faaid
(20,9 E051 8051isa microkial resziration round water in a glass o
colurametris ) plastic cantainen coo
method, use one to 440
ur the other -
corsistently
Water Metnane, Kampbell et af Method publisned Tre presenze of CH, zach sampiing Callest water szroies Frrod-nana
ethane ang 1549 (33) or by EPA suggests siccegragation of | reund in 50 mL glase serum
ethens 5Was1o, regearghers, erganic caren via bottles with bumyd
modgified Limited ta few matharesensis: sthane and gray/Teflondined cazs;
sammereizl fabe. athane are oresuced curng add BE0 e pH = 2 w
redugtive deshicrination and coctta &% C
the daiz s uses where
chlarnzied sgivents dre
suspestes of wndergoing
bielegicai rensicrmation.
Water Alkajinity HACH allafinity { Phenalphthalein Water quailty marameter Each sampling Cofiect 100 mi of water | Freid
test kit Model Mathod used {1)tz mezsura the raynd in glass contzinar
ALAP ME-L buffering =z sazity of ground
water, (2) 35 8 markerto
verify that all she samples
are abrimines fram the same
grouncwater sysiem
Vvater Oxication- AZEEDE Measyrements The oxidetion-redustion Each sampling Callezt 100 to 250 mL Fadd
reduston made with petantial ef ground water round of water in 2 gigss
patential glectrades; resulis | Influences ans is influenced cantginer, #lling
gre displayed ana | by the naitura of the eantainer from bettar;
meter; protect bielegically mesiated anafyze immediataly
samples from degragetion: cf
axposure to contaminants: The
oxygern; repart axidaticn-regustion poteniial
resuts against & of ground waier may range z
siiver/siiver from move than 800 mVie
chloride reference | < -400 mv
electrode
Water BH Fimle probe with | Field Asrsbic and anaergpic Each sampling Callect 100 to 250 mL Fraid
direct reading processes are oA sansitive round of water in a glass o
meter plaztic cartainer
analyze immegiziely
Water Temperature | Field probe with | Figld only Well deveiszment Each sampling not applicable Feld w
direct reacing faund
- metar 1

A7 LAY T A AR E G KON W RLTve mian 3.0
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Table 1A.: Seil and Ground-Wziar Analytical Methods® (continued)

ﬁ Analysis Method/ Comments'a Data Use Recornmended Sample Volume, Field or
Reference™ Frequency of Sampie Cantain, Fixed-Bases
Analysis. Sample Presarvation Laberatory
Water Canductivity Ei20.4/ Protocats Waier JLz2iny parametar Each samging Colles 100 to 250 mL Fieid
SWH0S0 direct | Handbook used as @ marker to verity round of waterin 3 ghass or
reading meter Mathods that the s==mples are plastic container
pbiaines Tom the same
grouncwaisr system
Water Majer sweo1o Protocoe/ Can De used 3 avaluate Each sampiing Coile=t 100 to 250 ml, Freid
Caticns Handboax, other remesiai actions round of water in a glass or
Methods plastic cortainer
Water Chioride i€ Methed Method 3WSGED Genersal weter gulaity Fach sampiing Collect 250 mL of water | Fixed-basa
2300 may also be ysed parameter usad a5 @ marker | round in a glass container
ta verify that site samples
are cbtaines {rom the same
grouncwater system, Final
product of chicrinated
sclvent recusiion,
Walar Chiarde Hach Chiaride Silver Nitrate As above, and to guide Each Sampling - Callect 100 rob of water | Freld
(optional, see | test kit tiratian selecting af 2qditional data round in a glass cThtainer
cata use) Modse! &F points in real ime while in
the figid
Water Tatal SWa0s0 Langraory Usad to alassily plume and Each samgiing Coflest 100 b of water | [aberatory
CSrganic to cetarmiire i found ina glass cantainer,
=2 rtan samaabeliss is possible in cogo!
the znsenge of
anthrs aris carbon

C

i

. dlyses other than those listed in this table may be required jor =valuation of biclogical degradation processes.

"eSW refers to the Test methods for Svaluating Solid Wasta,
#«=" refers to Methods for Chemical Analysis of Water and We

“*“HACH" refers tn the Mach Cempany catgiog (31).
**A"refers to Standard Methods for the Examinantion of Water anc \WVastewater (32).

"“Handbock" refers to the AFCEE Handbook to Support the Installefion Restoration ProgranrAnalytical Protocols (34)

¢ UProtocais” refers to the AFCEE

~hyzlz

stes (30).

2/, and chemical Mettrods (25)

NOTE: All monitoring well installation, well development, well purging; sampling, sample handling
and sample analysis where recommended will be performed in accordance with the May 1996
Region 4 ESD Environmental Investigations Standard Operating Procedures and Quality Assurance

Manual (ESD EISOP-QAM)

P 56 CApm) ANRETIONA WRD verswn 3.0
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Soil and Ground-Water Anzlytical Protocol: Special Analyses Under Development and/er Considerdationa®

I Cem -

Tabie 18:
Magrix | Analysis Method/ Comsnentstd bData Usa Recommendsd | Sample Valume, Field'or
Referenca® Frequency of Samppie Contain, Fized.-Bace
Analysis Sample Presarvation Labaratory
Soil Biclegically Unger HCI exraction Qptional method that should | One sampling Collect minimum 1-nch [ Laboratory
available development followed by be used when fule reund or as diameier cofe sampes
i) quantifieation of hydrecaroens ar vinyt determined by into a plasbe Ine cap
released iren(ill) ghicride are presant in the siter conditions and prevent aeration
groundwater 1o predict the
possible extent of removaf
of fule hydraearbens and
vityl shlerice via iron
reduction.
Water Hydrogen Equiiibration Speciized 7o detatmine tarminal Atleast one Sampiing &t well head Fiaid
(H2) with gas in the analysis electron aczepting process; | sampling reund requires the production
fiald; preddicts the possibilty far or 45 determined | of 100 mL per mintde of
detemnined with redustive dechlorination by site condithans | water for 30 minutes
a reducing gas :
detector
Watet Mutritiznai Under Specin- Ta detertrine the extent of One reund af Collezt 1000 mL in an Laboratory
auaiity of developrment photameatric recugtive deshiarinaticn sampling amber gl2ss
native method allowea oy the supply of
crganic elechon Genor
matisf
Watar Cwyzenales SWBZ80/8018' | Labormtory Cantarminant or alectron At jeast one Coilect L =f water ina T abariory
fmeluding danors fzr deshlorination of | sameiing round glass eontziner
methy-tert- solvents or as delermined | prasarve with HC! '
Sunyl ether, by reguiatars w
einers, acetic
azid,
metharal,
' ard acsiene)

* analysas other than those fisted in this table may be required for regulatory compliancs
® Site characierization should not be delayed if these methods are ynavailable
= “SW rafers to the Tesf metheds for Evaluating Seiid Waste, Physical, and chemical Methods (28)

NOTE: EPA Region 4 is currenfly working on preparing a Protocol for sampling and analysis of
certain field parameters for which their are no Standardized SOP's

SRS D) AR EGIONA, WP TR version 2,0
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Table 2: Analyfical Parameters and Weighting for Preliminary Screening

Analyte Concentration in Most Interpretation Points Awardad .
Contaminated zone N :
Crxygen® =08 mg/l Tuoieratea: suppresses recustive dechiorination at higher cancentrations 3 '
Cxygen* =1 mgl Vinyl ehjaride may ke exidized zerobically, but reductive dechlorination will ]
nat eccur
Mirate* <1 mg/L At higher cancentratizne may compete with reductive pathway at highe: 2
goncentrations -
Irem (IN¢ =1 mg/l Reductive pathway pessitle; vinyl chiofide may be oxidired under Fe(lll)- 3
reclticing conditions
Sutfate < 20 mg/l At higher ¢anceriratizns May compete with reductive pathway 2
" Sulfide » 1 mg/l Reductive pathway pessitie 3
Methana* =0.5 mgyl vinyl chioride oxicizes a
Methane! I = 0.5 mgil Uttimate requctive daugntar zrodust, viny! chloride sccumulates 3
Chddation reducton = 50 my Reductive pathway possitle e
actential® {SRP) <100 mvV Reductive pathway likaly 2
akH" S<pH =<9 Dntimal range for redustive cathway a
S»nH>g Qutside octimal range ‘or recusiive pathway -2
TOC (teta zrganic if > 20 mgl Carbor gnd energy saurse: 2rives dechlerinatien; ean be natural or 2
L carban) ! anthroscgeniz
T sur | =205 At T » 20°C, hicehemical process is seoelerated 1
| 2n Diexile* = 2 timas backgraund , Ultimate oxidative daugntar sroguet 3
5 !
i Alcainiy r w I Umes background ‘ Regutis fram imteragtion of sarooen gioxice with aguifer minerais 1 |
! Chierde* ’ » 2 times backgreund Daugnter srodus: af orgenis zhlerine 2
l Mydrogen [ =M Redugiive mathway pessitie; vinyt ¢hicride may aczumulate 3
(S
| Hydrogen ' <1 am Vinyl ehigrde oxdized 0
l Vedatile farty ackds *> 0.1 rg/l Intermediates resulting from ciccegradation of aromatic compaunds: carben | 2 .
: and enargy saurce
aTEx" = 0,7 mgl, Carbon and energy source; Srives dechlorination 2
Perchioroethene Material R elezsed o
Trichisraathene® Material released 0
Daughter product of pershlorsethens z
Dichlarcatiene® Material raieased or deughter product of tichiorcethena [}
Daughter pracuct of ifisnlcrcacnene i
if amaunt of cis-12-dicaiorsetneng is greater than 80% of lotal =
dichiarsathens, it is likely a8 caugnter product of trichloroethiens; 1,1-DCE
can be chemiczi reacticn procust of TCA
Viryl chioricer Material releasad 0
Daughter product of dichicrostnens ra
Ettene/Elhane =0.01 mg/L Daughter product of vinyf chisnde’ethane 2
= 0.4 mail 3
ok mﬁe f Daughter proguct of tizhiarsetrens 2
. oathanet f Daughter progugt of vinyl shleride under regucing conditions z J

41 W80 04pr ) ANREGIONS WRDvemion 3,0

41



Analyte Concentration in Most interprefation ' Peints Awardad
Contaminated zone

Material Releasad 0

111 -Trichiorethane®

Chioraform Materal Released 0 ,
Deughter product of Carbon Tetrachloride 2 l

Carbon Tetrachiorde Material Ralegsead 0

Dighloramethane Material Raleased 0
Caughter product of chloroform 2

* Required Analysis
* Points awarged anly if f ¢an be shown that the compound is a deughter product (i.e., not 2 constituent of the sourcs NAPL).

A

-
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Calculated Contaminant Velocity

conductivity 17 7
porosity 4] 0.05
gradient 0 0.018

R = 1+(KOC*FOC"BD)/n
Veloeity of contaminant = gw velocity/R
gw velogity = ki/n

gw velocity (ft/day)

1,1,1-TCA
shallow =
deep =

PCE
shallow =

deep =

DCE
shallow =
deep =

0.80188
2.328848

0.826619
2106037

0.936885
2.434547




Calculated Contaminant Velocity

conductivity 17 7
porosity 0 0.05
gradient 0 0.018

R =1 +KOC*FOC*BD)/n
Velocity of contaminant = gw velocity/R
gw velocity = ki/n

gw velncity

1,1,1-TCA
shaliow =
daep =

PCE
shallow =
deep =

DCE
shallow =
deep =

(ft/day)

0.80188
2.328848

0.826618
2.106037

0.936885
2.434547



Corrected concentfration
for PCE from MW-2d to MW-15d(1,180 fit)
120 41668667

Corrected concentration
for PCE from MW-13s to MW-9sk(B00ft)
1.446428571

Corrected concentration

for 1,1,1-TCA from MW-14d to MW-15d(1,160 ft)

7.75557047

Corrected concentration

for 1,1,1-TCA from MW-13s to MW-9sk(800t)

1.446428571

Corrected concentration

for 1,1-DCE from MW-14d to MW-15d(1,160ft)

186.7458732

Corrected concentration

for 1,1-DCE from MW-13s to MW-95k(800ft)

1.446428571

Ci/Co=e*"kt

kt = In(Ci/Co) 1.957606

k= 186/t

gw velocity =

deep = 2.106037 t= 561 k=.0035
kt = In(Cl/Co) 1.064711
k=107h

shallow = 0826619 { =068 k= .001

gw velocity =
deep = 2.3285848 =504
kt = In(Ci/Co) 0.929363
k=.929/t

k=0.002
kt=In(CifCa) 1.084711
k=1.07H k=.002
shallow = 0.80188 =889
kt = In(CifCo) 0.94165
k=.94/t
deep = 2434547 t=477 k=002
kt = In{Ci/Cao) 1.064711
k=107

ghallow =  0,835885 t=833 k=001



APPENDIX H
EVIDENCE OF THE FORMER SOLID WASTE DISPOSAL SITE



03/18/98  11:15 P18 790 8273 TRIANGLE ENV.INC ooz
CITY OF RAL-SWS TEL:918~831-6632 Mar 16798 10:30 No.oQOs P.O2

INVENTORY OF SOLID WASTE

DISPQSAL SITES

MAP (CHRONOLOGICAL) NUMBER: 8

LOCATION: East of Weld Wake Forest Road between Six Forks Read and
Crabtrea Crask. {Plate §)

DATES OF USAGE: 1561-62

SURFACE AREA: Approximately 45 acres

VOLUME: Approximately one millien cuble yards

TYPES OF WASTE: Houscheld, commercial, indusrrial, demslition,
land clearing, ero. :

METHOD OF OPERATION:

OWNER: (PAST)
(PRESENT)

GENERAL INFORMATION:

Excauation of existing soil and filling of
low swampy aTest.

-

York Industriazl Ceater

Pepzi-Cola Bottling Compahy, Motor Beazring and Parts,
Marguerits J. Thowmpson and others

Sire was excaugted and filled up to 5 feet of
depth, Area 1s now used for several businesses
including restaurants, ear dealsarships, seft
drink boteling company and others,
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