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In response to your 12/20/04 letter and subsequent correspondence, Niagara Mohawk, 

A National Grid Company (Niagara Mohawk), is submitting the enclosed remedial 

investigation (RI) work plan. Our 11/15/04 letter to the Department included the 

proposed RI scope of work. As requested by the Department, Niagara Mohawk has 

incorporated the RI scope of work in to a formal work plan for NYSDEC review and 

approval. Please note that we have included the Field Sampling Plan, Quality 

Assurance Project Plan, Health and Safety Plan, and Site Characterization Data 

Summary for reference only. 

This work plan has been developed under Niagara Mohawk's Voluntary Cleanup Order 

(VCO) Index Number DO-0001-0011 and references several of Niagara Mohawk's 

existing NYSDEC-approved generic plans. The scope of work proposed in the work 

plan is consistent with that previously provided to you and consists of the following 

investigation activities: 

Pre-investigation bedrock literature review; 
Drilling and soil sampling of supplemental soil borings; 
Drilling and installation of bedrock monitoring wells; 
Performance of down-hole geophysical survey of completed bedrock 
coreholes; 
Packer testing; 
Collection of additional surface soil samples along the Site embankment; 





Reconnaissance of the Site riverbank with sediment sampling; 
L Collection of surface water sample at the storm sewer outfall; 

Collection of ground water samples from the expanded well network; and 
Preparation of an RI Data Summary. 

This scope of work, in combination with the previously completed Site Characterization 

Data Summary (see Appendix D of RI Work Plan), was developed to address data gaps 

identified from the Initial Site Characterization. 

Niagara Mohawk intends to initiate the RI field program in 2005 following approval of the 

RI Work Plan by the NYSDEC, and completion of the Power House Foundation 

Abandonment and Miscellaneous Site Improvements. 

Please contact me at (315) 428-5652 if you have any questions or require further 
information. 
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seven P. Stucker, C.P.G. 
Senior Analyst 
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L 1.0 INTRODUCTION 

This work plan has been developed for Niagara Mohawk - A National Grid Company 

(Niagara Mohawk) for a remedial investigation (RI) at the Malone (Amsden Street) former 

manufactured gas plant (MGP) Site, located in Malone, Fulton County, New York. This work 

plan has been developed in response to a request by New York State Department of 

Environmental Conservation (NYSDEC) following completion of a Site CharacterizationJInterim 

Remedial Measure (SCJIRM) Study at the Site in 2004. 

This work plan has been developed under Niagara Mohawk's Voluntary Cleanup Order 

(VCO) Index Number DO-0001-001 1 and the NYSDEC-approved Niagara Mohawk generic 

plans. Where applicable, the following NYSDEC-approved plans are referenced in this work 

plan: 

Generic Field Sampling Plan For Site Investigations At Non-Owned Former MGP 
Sites, dated November 2002; 

Generic Quality Assurance Project Plan For Site Investigations At non-owned Former 
MGP Sites, dated November 2002; and 

Health and Safety Plan for Malone (Amsden Street) Former Manufactured Gas Plant 
Site, amended July 13,2003. 

Copies of the Generic Field Sampling Plan and Generic Quality Assurance Project Plan 

(QAPP) are attached as Appendix A and Appendix B, respectively. The Site-specific HASP, 

consisting of the NYSDEC-approved generic HASP, amended with Site-specific emergency 

contact information, site information, and emergency procedures, is provided as Appendix C. 

The remainder of this plan is organized as follows: Section 2.0 presents information 

regarding Site background, including a summary of previous investigations and description of 

physical Site conditions. Section 3.0 presents the proposed RI technical scope of work, by task. 

Project Quality AssuranceJQuality Control (QNQC) is discussed in Section 4.0. Project 

schedule is presented in Section 5.0. 
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+ 2.0 SITE BACKGROUND 

The Site is located in a mixed commercial and residential portion of the Village of 

Malone, New York. The Site is located near the Village center, and is bounded by Amsden 

Street to the west and the Salmon River to the east. Site location is depicted on a USGS 7.5 

minute quadrangle map, provided as Figure 2-1. A Site plan is provided as Figure 2-2. 

Currently, several unused structures remain on-site, consisting of a single story cut stone and 

cinder block building in the southwest comer of the parcel and a two-story stone building 

immediately to the north, on Amsden Street. Remains of a former gas holder foundation slab 

and a former coal-fueled power house are evident to the northeast of the primary MGP facility. 

The entire primary MGP facility and portions of the remaining parcel are secured with chainlink 

fencing. Relief of the Site is significant, with a sharp drop of approximately of 50 feet from the 

Amsden Street to the Salmon River. The river flows to the north in the vicinity of the Site. Much 

of the site to the east and north is heavily forested, with frequent signs of fill debris noted along 

the embankment. 

Several subsurface utilities have been identified on-site during previous investigations. 

* In addition to the exposed sanitary line that runs approximately north-south along the riverbank, 

two other sewer lines are evident. An apparent inactive ten-inch diameter clay sanitary sewer 

line extends from the primary MGP facility down the embankment to the northeast, with a 

manhole located immediately west of the former Power House foundation. Visual inspection via 

the manhole indicated the potential presence of weathered MGP residuals within the manhole. 

In addition, according to Village of Malone Department of Public Works personnel, a 42-inch 

diameter concrete storm sewer extends from Amsden Street, beneath the northern part of the 

adjacent property to the north, to a discharge outfall along the river embankment. Extensive, 

visible rust-colored staining has been noted within the outfall and associated drainage swale of 

this sewer. 

Development of the former MGP occurred over time. At its peak of operation, the plant 

consisted of a retort house, purifier house, coal storage facilities, coke storage building, two gas 

holders, the power house, and a substation building. Immediately north of the primary facility, a 

small parcel currently owned by Ralph Knff is occupied by an unused, two-story warehouse - 
building. Most recently, the building was used as a warehouse for furniture. Previous uses 

L. 
appear to have included garment manufacturing and production of rubber goods. The nearest 
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L residences are located approximately 160 feet north of the former MGP site. A paved parlung 

lot is located immediately south of the Site, with several commercial stores located further to the 

south. 

According to historical information presented in the Site-specific work plan dated 

November 2002, the site was used for manufacture of coal gas from the 1880s to the 1940s. The 

Power House was constructed in the mid- to late-1890s and operated for approximately 10 years 

before being converted to a transformer house for an undetermined period of time. Following 

cessation of gas production in the 1940s, the property was used for storage and distribution of 

propane gas until it was sold to an adjacent property owner. The property was subsequently 

repurchased by Niagara Mohawk in 2001. More recent Site use was for warehousing of 

carpeting and other home furnishings, however the Site has not been used or occupied since its 

repurchase in 200 1. 

2.1 Previous Investigations 

Under the VCO for Non-owned former MGP sites, Niagara Mohawk conducted the 

initial SC/IRM investigation of the Site in 2004. The work was conducted under an amended, 

NYSDEC-approved site-specific work plan. The original approved work plan scope was 

amended by Niagara Mohawk to accommodate physical Site access limitations. The 

investigation consisted of exploratory test pit excavation, advancement of soil borings, 

installation of two overburden monitoring wells, collection and analysis of surface soil samples 

on-site and off-site, collection and analysis of subsurface soils, and collection and analysis of one 

round of ground water samples. In addition, per request by NYSDEC, a ground water seep 

sample was collected for analysis adjacent to the river to supplement ground water sampling. 

Results of that investigation were presented in the Site Characterization Data Summary 

submitted to NYSDEC on February 23,2005. 

Results of the investigation indicated that MGP-related impacts are present on-site, 

including coal tar residuals within one of the former holders and a former tar well, and presence 

of weathered tar with associated polycyclic aromatic hydrocarbon (PAH) concentrations above 

Technical and Administrative Guidance Memorandum (TAGM) 4046 criteria in surface and 
- 

subsurface soils. MGP-related impacts were also detected in shallow Site ground water. A copy 

of the SC data summary package that was submitted to NYSDEC is provided as Appendix D. 
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2.1.1 Soil Sampling 

A total of eight soil borings were completed to determine the presence or absence of 

MGP-related impacts on-site. All borings were completed using standard hollow-stem auger 

(HSA) methods, in accordance with the NYSDEC-specified guidance for continuous split-spoon 

sampling. All borings were characterized with respect to encountered soils and physical 

evidence of MGP impacts; in addition, analytical samples were collected from selected intervals 

for chemical analysis. Detailed physical findings for each boring are summarized in the boring 

logs provided in Appendix D. 

Analytical samples were collected from each soil boring, at approximate five-foot 

intervals. Samples were submitted for laboratory analysis of a combination of BTEX, PAHs, 

total cyanide and Total Organic Carbon (TOC). Selected samples were submitted for full Target 

Compound List (TCL) VOCs and SVOCs, and Target Analyte List (TAL) metals analysis. A 

summary of the analytical results for the samples collected throughout the completed soil borings 

is provided in Tables 1 through 8 of Appendix D. In general, these laboratory results are 

consistent with the observed extent of physical impacts noted during the boring program. For 

screening purposes, all analytical data was compared to the current NYSDEC TAGM 4046 

Cleanup Criteria, where applicable. Exceedances of at least one TAGM criterion were detected 

in one or more soil samples collected from seven of the eight borings. Except for the southern 

sub-grade holder foundation, identified impacts appear to be limited primarily to shallow soils. 

2.1.2 Surface Soils 

Eight surface soil samples (0 to 2 inches bgs) were collected on-site, and five surface soil 

samples were collected off-site as representative background samples. All samples were 

submitted for VOC, SVOC, TAL metal, and TOC analysis. Of note during on-site sample 

collectior, was the visible widespread surficial evidence of weathered tar across much of the 

embankment between the primary former MGP and the river. Surface soil samples in this area 

were collected from the miscellaneous fill/soil material. 

In all surface soil samples (on-and off-site), at least two or more individual PAH TAGM 
- 

criteria were exceeded. All off-site sample total carcinogenic PAH (cPAH) concentrations were 

below the TAGM criterion of 10 mg/Kg. On-site. all but one of the samples collected on the 
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- primary MGP parcel yielded total cPAHs under the criterion of 10 mg/Kg, however 

concentrations were greater (e.g., maximum Total cPAHs of 643 mg/Kg) in the three samples 

collected from the embankment immediately to the east (samples SS-6, SS-7 and SS-8). 

2.1.3 Ground Water 

One round of ground water sampling was completed, in accordance with the approved SC 

Work Plan, on August 29, 2003: The second planned sampling event was attempted on October 

3, 2003, however there was insufficient recharge to enable sample collection. Samples were 

analyzed for VOCs, SVOCs, and TAL metals. In summary, Technical and Operational 

Guidance Series (TOGS) exceedances were detected in both well samples. The sample from 

MW-3 yielded TOGS exceedances for o-Cresol, Naphthalene, and Dibenzofuran. The sample 

from MW-4 yielded TOGS exceedances for Benzo(a)anthracene, Chrysene, 

Benzo(b)fluoranthene, Benzo(a)pyrene, and Indeno(l,2,3-cd)pyrene. Based on these results, 

ground water quality downgradient of the former MGP appears somewhat degraded. Potential 

for off-site impacts is not known, although the sample collected at the seep location directly 

'l.r downgradient of the former MGP yielded no detectable concentrations of MGP constituents of 

concern 

2.1.4 Potential AreasIMedia of Concern 

Results of the SC indicate several areas of concern that appear to require additional 

evaluation: 

Site Ground Water: Due to the presence of shallow bedrock, only two shallow 
overburden monitoring wells were installed on-site during the SC; MGP 
constituents were detected above TOGS criteria in both wells. As a result, Site 
ground water has not been adequately characterized. 

a Site Bedrock: Due to the shallow nature of bedrock and the detection of DNAPL 
on-site in several locations, including the observance of weathered tar-like material 
within an historic seep along the river bank, investigation of site bedrock is 
necessary to determine if mobile NAPL andlor dissolved-phase contaminants may 
be migrating within Site bedrock and may be providing a preferential migration 
pathway for Site contamination. 

Surface Soils: Elevated concentrations of PAHs were detected in the surface soils 
collected along the embankment. Visual evidence of highly weathered tar-type 
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residual was observed across much of the embankment, however areal extent of 
these residuals has not been delineated. 

River Sediments: Due to the observation of an historic seep of tar-like material 
beneath the former Power House foundation adjacent to the riverbank, and the 
detection of mobile NAPL further to the west (up-slope), the potential exists for 
MGP residual impacts to the adjacent river. 

Site Infrastructure: Two existing sewer lines, the inactive sanitary line extending 
from the primary MGP and the storm sewer that discharges along the embankment, 
have been identified on-site which may have the potential to act as conduits for 
Site MGP constituents. 

2.2 Site Geology 

Based upon the physical conditions encountered during the SC investigation, Site 

geology appears to consist of a thin veneer of overburden, overlying shallow bedrock. 

Overburden on-site consists of fill, fine-grained sandsilt/clay, and a thin layer of till. Fill was 

encountered on-site, extending to a depth of approximately six feet bgs across the Site; the fill 

consisted of native sand, silt andor gravel mixed with a wide assortment of demolition debris, 

k v  cinders and ash. The silthand unit ranges from 15 feet in thickness, near Amsden Street (SB-01) 

to approximately ten feet closer to the river. Beneath this unit, a thin till layer (consisting of 

sand, some gravel andor cobbles and occasional boulders) was encountered immediately above 

bedrock. Depth to bedrock ranged on-site from approximately 22 feet below ground surface 

(bgs) adjacent to Amsden Street, to 10 feet bgs close to the river (boring SB-4), although 

exposed bedrock is visible along the river bank. A geologic cross-section for the Site, based on 

subsurface information developed during the SC investigation, is presented in Appendix D, 

Figure 2. 
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3.0 RISCOPEOF WORK 

3.1 Investigation Objectives 

Based upon the results of the SC investigation, review of other available Site information, 

and subsequent discussions with NYSDEC, the following objectives of the RI will be addressed 

by the planned scope of work: 

Evaluation of shallow bedrock to determine the presencejabsence of MGP residuals, 
and the potential for contaminant migration associated with Site bedrock; 

Further evaluation of overburden soils along the downgradient slope and within the 
historic fill area located north of the former MGP facilities; 

Further characterization of surface soil quality along the site embankment, where 
extensive surface MGP impacts were noted, to support human health assessment; 

Additional characterization of Site ground water behavior and quality; 

Qualitative evaluation of shallow sediments along the eastern Site boundary to 
determine presencejabsence of MGP impacts; and 

Evaluation of the surface water quality at the outfall of the storm sewer that 
discharges from the embankment in the northern portion of the Site, for the 
potential presence of MGP constituents. 

To address the objectives listed in Subsection 1.4, the following scope of work is planned 

to be completed under the RI for the Site: 

Pre-investigation bedrock literature review; 
Drilling and soil sampling of supplemental soil borings; 
Drilling and installation of bedrock monitoring wells; 
Performance of down-hole geophysical survey of completed bedrock coreholes; 
Collection of additional surface soil samples along the Site embankment; 
Reconnaissance of the Site riverbank with sediment sampling; 
Collection of surface water sample at the storm sewer outfall; 
Collection of ground water samples from the expanded well network; and 
Preparation of an RI Data Summary. 

Summary of the proposed program is provided in Table 3-1; Figure 3-1 (Plate) depicts 

the proposed locations for these investigations. A brief description of each of the proposed - 
investigation tasks is provided below. 

'L 
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L 3.2 Literature Review 

Prior to initiation of field investigation activities, a thorough review of available scientific 

literature regarding localhedrock geomorphology will be conducted to develop a clearer 

understanding of potential Site bedrock conditions. A search of the available literature will be 

performed, including contact with several upstate New York colleges/universities. Inquiries will 

be made to compile available information regarding regional and local bedrock, including 

type/composition of the bedrock, extentlnature of fracturing, local/regional bedrock aquifer 

behavior, ground water quality, local ground water use, etc. Available information will be 

reviewed to develop an understanding of expected site bedrock conditions and to direct the 

planned subsurface RI investigation activities described below. A receptor survey will be 

completed to determine the presence of any sensitive receptors downgradient of the Site. 

3.3 Drilling Program 

This Subsection summarizes the overburden soil sampling, bedrock coring, well 

installation, and down-hole geophysical survey investigations that are proposed under the RI. 

-w 

3.3.1 Overburden Soil Sampling 

Supplemental drilling activities will include completion of two additional soil borings to 

characterize overburden soils along the fill area north of the above-grade holder foundation, and 

one additional boring south of the former Power House foundation. Boring location rationale is 

provided in Table 3-1. Sampling will be performed using standard HSA methods, with 

continuous split-spoon soil sampling, in accordance with guidance provided in the NYSDEC- 

approved generic plans (Appendices A and B). The borings will be advanced to auger refusal. 

Representative soil samples will be collected every five feet, for analysis of BTEX, PAHs, TAL 

metals, total cyanide and TOC. Summary of the soil sampling and analysis program is presented 

in Table 3-2. 

3.3.2 Bedrock Drilling 

As a supplement to the preliminary bedrock literature review and to provide larger scale, 
- 

site-specific bedrock information prior to the initiation of the bedrock drilling program, a 

bedrock outcrop evaluation will be conducted at the Site. The bedrock outcrop located along the 
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east side of the Site along the Salmon River will be inspected and evaluated for bedrock type, 

fracture sets, bedding planes, and any other physical features (e.g., water or NAPL seeps, etc) 

associated with the outcrop. The attitude (strike and dip) of the fractures andor bedding planes 

will be measured with a Brunton compass. 

For physical characterization of shallow bedrock, and to enable installation of additional 

ground water monitoring wells, three additional borings will be advanced into bedrock. Drilling 

will be performed in accordance with the Generic Field Sampling Plan (Appendix A), and will 

consist of overburden HSA sampling with collection of soil samples (as described above), 

installatiodgrouting of permanent steel overburden casing a minimum of three feet into 

competent bedrock, and bedrock coring to those pre-determined depths noted in Table 3-1. The 

approximate elevation of the adjacent Salmon River bottom has been selected as an appropriate 

target depth for all three bedrock borings, to provide sufficient vertical characterization of Site 

bedrock as a potential migration pathway for non-aqueous phase liquid (NAPL). Bedrock 

sampling will be conducted using oriented HQ (four-inch diameter) coring; recovered cores will 

be evaluated with respect to rock quality designation (RQD), presencelnature of bedding planes, 

fractures or other physical attributes, presence of MGP residuals, etc. Recovered core samples 

will be placed in marked core boxes, and archived in a secure location. 

Following completion of the deep bedrock corehole (BMW-l), packer testing will be 

conducted in the corehole to determine the hydraulic conductivity of selected bedrock zones. 

Testing will involve evaluation of two intervals of the completed boring, to be selected based 

upon field findings and inspection of the recovered rock core samples. Packer testing will follow 

the procedures presented in Appendix B of the Generic Field Sampling Plan (Appendix A). 

3.3.3 Bedrock Geophysical Survey 

Following completion of the soil and bedrock sampling at each bedrock location, down- 

hole geophysical methods will be instituted to better evaluate the physical nature of the bedrock, 

bedding planes and fractures to determine the potential for contaminant migration and to guide 

subsequent monitoring well installation. A geophysical firm will be contracted to perform a 

series of down-hole tests on each of the three borings including the following: caliper, natural 
- 

gamma, acoustic televiewer, fluid temperature, fluid resistivity, and single-point resistivity. In 
k 

addition, in the one deepest corehole (i.e., BMW-I), heat pulse flowmeter testing will be 
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L performed to help detect the presence of possible vertical fracturing. Results will be used to 

characterize the physical nature of Site bedrock and to assist in final design of bedrock wells. 

3.4 Monitoring; Well Installation 

Following completion of all down-hole geophysical testing, each of the bedrock 

coreholes will be completed with installation of a monitoring well. The two downgradient wells 

(refer to Figure 3-I), which are co-located with existing overburden wells, will be completed as 

two-inch PVC wells, comprised of ten-foot 20-slot screens and equipped with two-foot sumps. 

A well cluster will be installed in the single upgradient bedrock core-hole, consisting of two 

smaller diameter (i.e., less than two-inch diameter) PVC wells. Screened intervals will be 

determined based upon results of the rock coring and geophysical tests. All of the new wells will 

subsequently be developed using approved methods specified in the Generic Field Sampling Plan 

(Appendix A). 

3.5 Surface Soil Sampling - Results of previous SC surface soil sampling indicated the presence of concentrations of 

PAHs above TAGM 4046 criteria, within the surficial fill material along the Site embankment. 

In addition, extensive visible evidence of weathered tar-like material has been observed across 

the embankment, indicating potential widespread presence of MGP residuals in this area of the 

Site. Niagara Mohawk plans to further define the nature and extent of these impacts to 

potentially support site human health exposure assessment. Specifically, grid-based sampling is 

planned (using 50-foot spacing), which will provide adequate coverage of the entire central 

portion of the Site (refer to Table 3-1). Samples will be collected in accordance with the Generic 

Work Plan, and analyzed for Target Compound List (TCL) semi-volatile organic compounds 

(SVOCs), TAL metals, total cyanide and TOC (refer to Table 3-2). 

3.6 Surface WatedSediment Evaluation 

Surface water and sediment evaluation will be performed to assess the potential for Site- 

derived impacts to the adjacent Salmon River (Table 3-1). Thus far, although visible evidence of - 
non-mobile, weathered tar-like material has been observed near the river, no other indications of 

w 
potential Site discharges have been noted. Initially, a thorough qualitative reconnaissance of the 
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river bank abutting the Site will be conducted for presencelabsence of MGP-related impacts (e.g, 
'cr 

sheens, seeps, residuals). Reconnaissance will include use of a metal probe to evaluate shallow 

sediments. 

Three representative sediment samples will be collected from the bank of the river, one 

upstream of the site, one along the site, and one downstream of the site. In addition, one sample 

of sediment material will be collected from the manhole associated with an inactive sanitary 

sewer line, where visual indications of stainingltar-like material were previously observed. In 

addition to the samples that are collected for standard laboratory analysis, split samples of each 

of the river sediment samples will be collected for potential fingerprint (GC/FID and GCIMS) 

analysis in the event elevated concentrations of PAHs are detected in the samples. Samples will 

be collected in accordance with the Generic Work Plan, and analyzed for TCL VOCs, TCL 

SVOCs, TAL metals, total cyanide, and TOC (Table 3-2). Up to two of the archived sediment 

samples may be submitted for fingerprint analysis. 

One surface water sample will be collected from the drainage swale that extends from the 

outfall of the large storm sewer, located along the northern embankment of the Site (refer to - Figure 3-I), to evaluate the visible staining within the swale. The sample will be analyzed for 

TCL VOCs, TCL SVOCs, TAL metals, and total cyanide. One river gauge will be installed 

along the site to provide river level information. Construction and installation of the gauge will 

be determined prior to initiation of field activities, but will be installed in order to adequately 

monitor full seasonal fluctuations and to withstand expected high flow conditions. 

3.7 Survey 

Following completion of the drilling program, and collection of all soil, sediment and 

surface water samples, complete survey of all completed sample locations will be conducted. 

Location and elevation of each sample location will be obtained in accordance with the generic 

work plan. Elevation of the top of casing as well as the river gauge will be surveyed to the 

nearest 0.01 foot. Survey information will be integrated into the existing CADD-compatible Site 

survey plan. 
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L 3.8 

Following installation and development of the new monitoring wells, a round of water 

level measurements and evaluation of potential NAPL will be conducted for the entire well 

network, including the new river gauge, using an electronic interface probe. These evaluations 

will be performed in accordance with the generic Field Sampling Plan. 

A minimum of one week following well development, ground water sampling will be 

performed in the six Site monitoring wells to better characterize Site ground water quality. 

Prior to sampling, each well will first be evaluated with respect to water level and potential 

presence of NAPL. Purging of the wells and collection of ground water samples will then be 

performed in accordance with the generic Field Sampling Plan. Ground water samples will be 

analyzed for TCL VOCs and SVOCs, TAL metals, and total cyanide (Table 3-2). 

Approximately one month following ground water sampling, another round of water level 

measurements and NAPL evaluation will be conducted within the well network to further 

document Site ground water behavior and the potential presence of NAPL on-site. 

3.9 RI Data Summarv 

Upon completion of planned field activities and receipt of all analytical data, an RI data 

summary will be prepared. All analytical data (except TOC) will be subjected to full data 

validation to ensure usability; a data usability summary report (DUSR) will be developed. The 

RI data summary will include the following site information: data summary tables, figures 

depicting sample locations, geologic cross-sections, summary chemical data presentation, and 

geologic boring logs. A brief summary of field activities performed, and results of those 

activities, will be prepared to accompany the summarized information. The data summary 

package will be submitted to NYSDEC for review and discussion with Niagara Mohawk in order 

to mutually agree that the Site conceptual model has been completed. 
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-- 4.0 OAIOC PROGRAM 

Appropriate field and laboratory quality assurance/quality control procedures will be 

implemented as part of the RI program. Investigation QNQC field procedures will be 

implemented in accordance with the Generic QAPP (Appendix B) and will include proper 

decontamination protocols, documentation, and collection of Q N Q C  samples including field 

duplicates, field blanks, trip blanks, etc. Summary of QNQC samples and analyses, based on 

the planned RI scope of work, is provided in Table 3-2. 
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5.0 PROJECT SCHEDULE 

Total estimated duration of the planned RI scope of work is approximately six months 

from the date of NYSDEC approval of the RI Work Plan. Figure 5-1 presents a detailed project 

schedule. Summary of the primary schedule elements is provided below: 

Commencement of Field Work Within approximately 30 days of NYSDEC Plan 
approval 

Field Program Duration Six to eight weeks 

RI Data Summary Within 120 days of field work completion 
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TABLES 





I Bedrock BoringsAMonitoring Wells I 

Adjacent to former 
southern holder and 
tar well, in the south- 
western portion of 
the Site 

Located adjacent to 
existing MW-4, 
immediately east of 
the above-grade 
(northern) holder 
foundation 

Located adjacent to 
existing well MW-3, 
downgradient of the 
southern sub-grade 
holder and former tar 
well. 

60 feet 

(well depth 
TBD) 

30 feet 

(well depth 
TBD) 

20 feet 

(well depth 
TBD) 

Located north of the southern holder foundation, ancl 
east of the former tar well, where tar impacts were 
detected during the SC. Provide additional 
characterization of overburden soils. Perform down-- 
hole geophysical survey to characterize bedrock; 
structure/characteristics. Evaluate potential for bedrock; 
impacts on primary MGP and near two confmedl 
impacted areas, which are potential sources of observed 
seeps along the riverbank. Evaluate the 
overburdentbedrock contact as a potential migration 
pathway for DNAPL. Perform packer testing in 
corehole to determine hydraulic conductivity of the 
bedrock. Install nested bedrock well pair to characterize: 
ground water quality on the primary MGP site, near 
confirmed impacted structures. 

Located downgradient of the former MGP, where 
substantial suficial tar impacts were noted during the 
SC. Provide additional characterization of overburden 
soils. Better characterize tar-related impacts detected in 
boring SB-4. Evaluate the overburdenlbedrock-contact 
and deeper bedrock as a potential migration pathway for 
DNAPL. Perform down-hole geophysical survey to 
characterize bedrock structure/characteristics. Install a 
bedrock well adjacent to the existing overburden well 
(MW-4) to evaluate ground water quality downgradient 
of the northern holder. 

Located downgradient of the former MGP and adjacent 
to the former Power House, where substantial surface 
and subsurface indications of tar were detected during 
the SC. Further characterize tar-related impacts detected 
in exploratory test pits and existing MW-3. Evaluate the 
overburdenhedrock contact and shallow bedrock as 
potential pathways for DNAPL migration. Perform 
down-hole geophysical survey to characterize bedrock 
structure/characteristics. Install a bedrock well adjacent 
to the existing overburden well (MW-3) to evaluate 
ground water quality downgradient of several source 
areas. 





1 Overburden Soil Borings 

Located south of the 
former Power House 10 feet 

foundation 

Located downgradient of the former MGP and adjacent 
to the former Power House, where substantial surface 
and subsurface indications of tar were detected during 
the SC. Determine the potential presence of DNAPL 
downgradient from the primary MGP facilities. 
Evaluate the overburdenhedrock contact and shallow 
bedrock as potential pathways for DNAPL migration. 
Collect soil samples to characterize overburden soils 

SB-14 and 
SB-15 

Locatkd in the fill 
area north of the 20 feet 

primary MGP Site 

Located on the Niagara Mohawk-owned fill area north 
of the primary MGP facilities, where extensive evidence 
of municipal debris and industrial type materials was 
noted during the SC. Evaluate overburden soils for 
potential presence of MGP residuals (e.g., purifier 
waste). Determine the nature of f i l l  material, presence 
of MGP versus other industrial residuals. Determine soil 
quality through analysis of selected soil samples. 

I Surface Soils 

1 I Located on a grid, I I 
along the site 

SS- 12 through 
Samples will be located on a 50-foot grid to delineate 

embankment 
SS-26 

0.2 feet surface soil quality in an area demonstrated during the 
between the primary 
MGP and the former 

SC to be impacted. 

1 I Power House I I 
I Sediment 

Located along the 
riverbank, upstream 
location from Site 

(100 feet) 

Located along the 
riverbank adjacent to 

the former Power 
House 

Surface 

Surface 

Sediment sample to be collected south of the Site within 
the Salmon River to determine upstream sediment 
quality. Collect and archive split-sample for potential 
fingerprint analysis. 

Located along the Site shoreline to determine the 
presencelabsence of site-related impacts to shallow 
sediments near the location of visible tar seeps in 
exposed bedrock. Collect and archive split-sample for 
potential fingerprint analysis. ' 





Located along the 

Sewer manhole Sediment sample to be collected from dark-stained 
located west of material within the bottom of the manhole to determine 
Power House if MGP residuals are present within the on-site, former 

I I I 

Surface Water 

SW-1 

+qw 

Adjacent to storm 
sewer outfall, north 
of the primary site 

Surface 

Located within the surface drainage swale extending 
from the sewer outfall, where distinct discoloration of 
sediments was noted during the SC. Determine the 
nature of storm sewer discharge and the potential for 
impacts from surrounding fill material. 
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Generic FSP for Site Investigations at Non-Owned Former MGP Sites 

1.0 INTRODUCTION 

This generic Field Sampling Plan (GFSP) has been prepared for Niagara Mohawk, a National Grid 
Company (NM) in response to the Voluntary Cleanup Order (VCO) (Index No. DO 0001 001 1) 
between NM and the New York State Department of Environmental Conservation (NYSDEC). This 
document is intended to provide guidance for implementation of various types of environmental 
sampling activities that may be utilized during Site Investigation and/or Remedial Investigations, 
Interim Remedial Measures, Feasibility Studies, Remedial Designs, andfor Remedial Actions at Non- 
owned Former MGP sites. The numbers and types of environmental samples to be collected are 
identified in the detailed respective Site-Specific Work Plans, to which this document is appended. 
If any discrep&cy occurs between the Site-Specific Work Plan and the Generic Work PlanIField 
Sampliig Plan then the Site-Specific Work Plan will govern. 

During the performance of any investigation, references in all work products to dense nonaqueous 
phase liquids (DNAPL) and/or other MGP impacted media (i.e. soil, water, sediments, etc.) will be 
made using the terminology and descriptions presented in the U.S.EPA documents entitled Ground 
Water Issue - Dense Nonaqueous Phase Liquids (Huliig and Weaver; March 199 1) and included 
as Attachment B. 
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2.0 GENERAL FlELD GUIDELINES 

2.1 Underground Utilities 

AU underground utilities, including electric, telephone, cable TV, sewers, water, natural gas, etc., will 
be identsed prior to any drilling and subsurface sampling. Underground Facilities Protective 
Organization (UFPO) will be contacted by phone at least 72 hours prior to field activities so their 
underground utilities can be marked at the Site. Other potential on-site hazards such as sharp objects, 
known subsurface structures, overhead power lines, and building hazards will be identified during the 
Site recomaissance visit. 

2.2 Sample Identification 

Each sample will be given a unique identitication as shown in Table 1. With this type of identification, 
no two samples will have the same label. Labels or tags identified as shown in Table 1 will be attached 
to each sample container. Labels or tags will be rendered waterproof by either covering the label with 
clear plastic wrapping tape or utilizing waterproof material for the tag or label. 

2.3 Sampling Equipment 

The following is a general list of equipment, which may be necessary for sample collection: 

Stainless steel spoons and bowls for mixing soil and sediment samples; 
Appropriate sample containers (and coolers) provided by the laboratory; 
Sample bottles (kept closed and in the laboratory-shipped coolers until the samples are 
collected); 
Reagent-grade preservatives and pH paper or meter (or pre-preserved sample containers) 
for aqueous samples; 

Chain-of-Custody labels, tags, seals, and record forms; 
Logbook, field sampling records, and indelible ink markers; 
Laboratory grade decontamination detergents (such as Alconox, Liquinox, etc.), reagent- 
grade solvents, and deionized, organic-fiee water to be used for decontaminating 
equipment between sampling stations; 
Squirt Bottles; 
Ruler and measuring tape; 

Garbage bags; 

Paper towels and/or baby wipes; 
Buckets, wash basins, and scrub brushes to be used for decontaminating equipment; lr4 
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Digital camera or camera and film to document sampling procedures and sample 
locations; 
Stakes and flagging tape and/or spray paint to identi@ sampling locations; 
Shipping labels and forms; 
Knife; 
Vermiculite or other packing/shipping material for sample bottles; 
Strapping tape; 
Clear plastic tape; 
Duct tape; 
Aluminum Foil; 
Reclosable plastic bags; 
Ice; 
Portable field instruments, which may include but not be limited to a pH meter, 
conductivity meter, turbidity meter, dissolved oxygen (DO) meter or multi-parameter flow 
through cell, photoionization detector (PID), and water level indicator; 
Combustible gas indicator (CGI); 
Poly-sheeting; 
Driller's jars (for archiving samples); 
Polypropylene or stainless steel bailers; 

Poly propylene rope and/or Teflon line; and 

Submersible, peristaltic and/or centrfigal pump and associated tubing. 

Other sampling materials and equipment may be utilized as warranted by field conditions encountered 
at time of sampling and media to be sampled. Appropriate health and safety equipment and PPE, as 
per the Generic Environmental Health and Safety (EHS) Plan (Volume 11) will be used. 

2.4 Field Records 

The Project Manager will control all field logbooks. Each field logbook will receive a serialized 
number and be issued to the field operations leader (FOL). Field logbooks will be maintained by the 
FOL and other team members while in the field to provide a daily record of significant events, 
observations, and measurements during the field investigation. All entries will be signed and dated 
at the bottom of each page. 

Information pertinent to the field investigation and/or sampling activities will be recorded in the 
logbooks. The logbooks will be bound with consecutively numbered pages. Entries in the logbook 

ICL will include, at a minimum, the following information: 
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Name and title of author, date and time of entry, and physicaVenvironrnentaVweather 
conditions during field activity; 
Purpose of sampling activity; 
Location of sampling activity; 
Name and address of field contact; 
Name and title of field crew members; 
Name and title of any Site visitors; 
Sample media (soil, sediment, groundwater, etc.); 
Saniple collection method; 
Number and volume of sample(s) collected; 
Description of sampling point(s); 
Volume of groundwater removed before sampling; 
Preservatives used; 
Date and time of collection; 
Sample identification number(s); 
Sample distribution (e.g., laboratory); 
Field observations; 
Any field measurements made, such as pH, temperature, turbidity, conductivity, water 
level, etc.; 
References for all maps and photographs of the sampling site(s); 
Mbrmation pertaining to sample documentation such as: 

- Bottle lot numbers 
- Dates and method of sample shipments 
- Chain-of-Custody Record numbers 
- Ovemight Shipping Air Bill Number 

All original data recorded in Field Logbooks, Sample Tags, and Chain-of-Custody records will be 
written with waterproof ink. None of these accountable, serialized documents will be destroyed. 

If an error is made on an accountable document assigned to one individual, that individual will make 
all corrections simply by crossing a single line through the error, placing the initials of the individual 
making the correction and date next to the crossed out information and entering the correct 
information. The erroneous infomation will not be erased. All field personnel will be instructed as 
to the proper field logging techniques for maintaining the integrity of the documentation. 
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3.0 EQUIPMENT DECONTAMINATION 

3.1 Drill Rig and Backhoe Decontamination 

A decontamination pad will be constructed of high-density polyethylene sheeting, no less than 10- 
millimeters thick, on a prepared surface sloped to a sump. The sump must also be lined and of 
sufficient volume to contain at least 20 gallons of decontamination water. The size of the pad shall 
be of sufficient size to contain the fluids generated during the decontamination of on-site equipment. 
The decontamination pad will be no larger than the back of the drill rig, since the back of the drill rig 
will be the largest piece of equipment anticipated on-site. Sides of the pad will be bermed so that all 
decontamination water is contained. Upon completion of all field activities, the decontamination pad 
will be properly decommissioned. To accomplish decommissioning, all free liquids will be removed 
from the surface of the High Density Polyethylene (HDPE) sheeting, including the sump area, and 
allowed to air dry. The HDPE sheeting will then be cut to manageable size, folded or rolled, and 
placed in the waste container (usually a roll-off container or 55-gallon drum). The earthen material 
or wood timbers used to construct the containment berm will be inspected to ascertain if the material 
has come in contact with decontamination liquids during use. If they have, the materials will be 
disposed in the waste container for subsequent disposal at an appropriate facility. If the materials have 
not been in contact with decontamination liquids, they may be reused. * 
All equipment used in intrusive work including backhoe, drilling rig, augers, bits, tools, split-spoon 
samplers and tremie pipe will be cleaned with a high-pressure hot water or steam cleaning unit and 
scrubbed with a wire brush to remove dirt, grease, and oil before beginning field work and before 
leaving the project Site upon completion of the last sampling activity. All tools, drill rods, and augers 
will be placed on sawhorses or polyethylene plastic sheets following steam cleaning. Direct contact 
with the ground will be avoided. The back of the drill rig and all augers, rods, and tools will be 
decontaminated between each drilling location according to the above procedures. The backhoe 
bucket, arm, and any other part of the equipment, which may have contacted excavated soil, will be 
decontaminated between each test pit location. Tools, augers, and rods will be decontaminated 
between drilling monitoring wells. 

Decontamination water collected in the sump of the decontamination pad will be at a minimum 
removed from the sump at intervals less than 90% of its capacity and prior to rain events. The liquids 
will be pumped to a 55-gallon drum and stored in an appropriate satellite storage area. All waste 
handling will be performed in accordance with waste handling regulations. 

Unless sealed in manufacturers packaging, monitoring well casing and screens will be steam cleaned 
immediately before installation. The screen and casing shall then.be wrapped in polyethylene plastic 
and transported from the designated decontamination area to the well location. 

- 
4- 

3.2 Sampling Equipment Decontamination 
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Prior to sampling, all non-dedicatedlnon-disposable equipment (i.e., bowls, spoons, and bailers) will 
be washed with potable water and a laboratory grade detergent (such as Alconox). Decontamination 
may take place at the sampling location as long as all liquids are contained in pails, buckets, 55-gallon 
drums, etc. The sampling equipment will then be rinsed with potable water followed by a 
reagent-grade isopropanol rinse and finally a deionized water rinse. Additionally, all equipment used 
to collect samples for metals analysis will receive a nitric acid rinse followed by a deionized water 
rinse. Between rinses, equipment will be placed on polyethylene sheeting. At no time will 
decontaminated equipment be placed directly on the ground. Equipment will be wrapped in 
polyethylene plastic or aluminum foil for storage or transportation from the designated 
decontamination area to the sampling location, where appropriate. 
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4.0 SITE RECONNAISSANCE AND SCREENING 

The following practices, procedures and methods will be utilized in caqing out all field activities if 
specified in the Site-Specific Work Plan. 

4.1 Site Reconnaissance 

Following the contact with UFPO and markout of subsurface utilities at the Site, Site reconnaissance 
will be performed. The Site reconnaissance will be attended by the NM Project Manager, the 
Consultant Project Manager and/or the FOL, and representatives of the NYSDEC and/or the 
NYSDOH. During this task, the NYSDEC-approved sampling locations, as outlined in the Site- 
Specific Work Plan, will be marked in the field with a wooden stake andlor spray paint. Conflicts with 
the NYSDEC-approved sampling locations, based on the utility markout, will be modified during this 
visit. 

Prior to this Site visit, the property owner and/or company representative will be contacted by the 
NM Project Manager to meet at the Site. The property owner and/or company representative will be 
asked if subsurface structures exist on the property and will be asked to identify their locations. 
Subsurface structures will consist, but are not limited to the following: septic tanks, cesspools, 
underground irrigation lines, water supply wells, vaults, leaching fields, propane, oil, and/or he1 
tanks, underground utilities installed by the owner, drainage lines, etc. 

4.2 Metal Detector Survey 

A metal detector survey may be conducted using the magnetic cable locator model MAC-5 1B (or 
equivalent); to locate unidentified underground utilities and possible buried drums or tanks. The area 
around each proposed subsurface investigation point may be checked with the MAC-51B (or 
equivalent) prior to any subsurface investigation. Initially, the locator will be tested on known 
locations of underground utilities to vex==  that it is hnctioning properly. 

If there is no indication of buried utilities, drums, or tanks, then subsurface sampling will proceed. 
However, if the locator indicates the presence of a buried object, activities will not proceed in that 
location until the type of buried object is determined. If the object cannot be identified from surface 
or shallow digging, a test pit may be required to determine the identity of the buried object. If a test 
pit is required, the procedure and scope will be reviewed with the NM Project Manager prior to 
conducting the work. 

The NM Project Manager will keep the property owner or company representative informed of 
planned Site activities. 

4.3 PAH Field Screening 

PAH screening of soil samples may be used to determine the extent of PAHs in soil and to optimize 
- the location of samples for confirmatory laboratory analysis. 

rr 
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If PAH field screening is conducted at any Site, then adequate facilities will be provided for proper 
use of the PAH-specific irnrnunoassay test. The individual responsible for conducting the 
imrnunoassay test in the field shall receive instruction in the proper use and storage of the test kit. The 
instructions for the PAH Field Screening Kit are provided as Attachment A of the Generic Quality 
Assurance Project Plan (QAPP) (Volume II). The test is a simple procedure designed to test any type 
of soil sample for PAHs. The test uses a semi-quantitative, colorimetric method that incorporates 
immunoassay technology. The test is performed using tubes, which are coated with a chemical that 
specifically reacts with PAHs. To perfom the test, the standards, samples and reagents are added in 
a step-wise manner to the coated tubes. The procedure results in a color change within each tube 
inversely proportional to the concentration of PAHs. The color in the tubes is read by inserting the 
tubes in a standardized color photometer. The test consists of the following three steps: 

1. Sample Preparation: First, PAHs are extracted fi-om the soil using a solvent. The 
extract is clarified using a disposable 0.45-micron filter tip. 

2. Testing: After sample preparation, the PAH standards and the sample and the enzyme 
are added to the coated tubes. After 10 minutes incubation, the Gbes are rinsed and 
color-developing reagents are added. Within a few minutes, color development occurs 
in the tubes. 

r4r 
3.  Results Interpretation: The color of the sample tube is compared against the color of 

the standard tube using a photometer to determine if PAHs are present in the sample. 
The result will indicate concentrations in three ranges; less than 1 ppm, between 1 and 
100 ppm, and over 100 ppm. 

4.4 PCB Field Screening 

Polychlorinated biphenyls (PCBs) screening of soil samples may be used to determine the extent of 
possible PCBs in soil and to optimize the location of samples for confirmatory laboratory analysis. 
The field screening may be conducted using a PCB-specific immunoassay test. The individual 
responsible for conducting the immunoassay test in the field shall receive instruction in the proper use 
and storage of the test kit. The instructions for the PCB Field Screening Kit are provided as 
Attachment A of the Generic Quality Assurance Project Plan (QAPP) (Volume II). The test is a 
simple procedure designed to test any type of soil sample for PCBs. The test uses a semi-quantitative, 
colorimetric method that incorporates irnrnunoassay technology. The test is performed using tubes, 
which are coated with a chemical that specifically reacts with PCBs. To perform the test, the 
standards, samples and reagents are added in a step-wise manner to the coated tubes. The procedure 
results in a color change within each tube proportional to the concentration of PCB. The color in the 
tubes is read by inserting the tubes in a comparative photometer. The test consists of the following 
three steps: 

1. Sample Preparation: First, PCBs are extracted fi-om the soil using a solvent. The - 
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extract is clarified using a disposable 0.45-micron filter tip. 

2. Testing: After sample preparation, the PCB standards and the sample are added to the 
coated tubes usiig dropper bottles. After 10 minutes incubation, the tubes are rinsed 
and color-developing reagents are added. Within a few minutes, color development 
occurs in the tubes. 

3. Results Interpretation: The color of the sample tube is compared against the color of 
the standard tube using a photometer to determine the concentration of the sample. 
The result will indicate concentrations in 3 ranges; less than 5 ppm, between 5 and 50 
ppm, and over 50 ppm. Also, with a dilution samples can be tested for over 500 ppm. 

PCB specific screening with the eminase test kits will be utilized on-sites, which have historically been 
associated with either electrical equipment fiom a certain time period that employed the use of PCB 
oils or when records may reflect the use of PCBs at that facility. The test kits will be used as part of 
an overall analytical program, which will include laboratory analysis of on-site soils. 

4.5 Private Water Supply Inventory 

If off-site groundwater impacts are detected through the sampling program, or if specifically 
(Ira requested by the NYSDEC, than an inventory of private water supply sources within a one-half mile 

radius around the project Site will be researched. The research will be conducted by contacting the 
municipal Water Department (if one exists), the municipal engineer, the NYS Department of Health 
and consulting the Atlas of Communify Water System Sources, andfor the United States Geologic 
Society (USGS). 
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5.0 SUBSURFACE BORING PROTOCOL 

5.1 Drilling Methods and Sample Collection 

Overburden 

Soil borings; in general, will be drilled with hollow-stem augers or flush-joint casing. When advancing 
a soil boring, re-entry of the split-spoon sampler into the previously sampled interval shall not be 
permitted. Hollow-stem augers with center plug will be advanced at two-foot intervals, consistent 
with the split-spoon sampling pace. Alternative methods may be used at the geologist's discretion with 
the authorization ofNM and NYSDEC. Split-spoon sampling will be conducted in accordance with 
ASTM Specification D-1586-84 for standard penetration test and split barrel sampling, unless 
otherwise authorized by the field geologist. Split-spoons will be decontaminated after each sample 
is collected. 

A plywood sheet or other suitable basin (during mud or water rotary drilling) will be placed around 
the augers during drilling to contain soil cuttingdmud drilling and prevent them fiom contacting the 
ground surface. Soil cuttings will be placed in a %-gallon steel drum or a roll-off container for 
subsequent sampling and disposal. Decontamination water and drilling mudlwater will be placed in 
tanks andlor 55-gallon steel drums for proper disposal. AI, 

Borinp Completion Methods 

All soil borings will be completed by adding cementhentonite grout, via tremie pipe, fiom the bottom 
of the borehole up to the ground surface as the augers are withdrawn. The grout will be mixed in the 
following relative proportions: 30 gallons of water to three 94-pound bags of cement to 25 pounds 
granular bentonite. 

Geoprobe@ Coring 

If prescribed in the Site-Spedc Work Plan, ~ e o ~ r o b e @  coring will be performed in accordance with 
the manufBcturerYs specifications. An assembled Geoprobe Macro-core@ open-tube soil sampler, with 
a one use dedicated liner, will be driven one sampling interval (approximately 4 feet) into the 
subsurface then retrieved using a Geoprobe@ soil probing machine. The collected soil core will be 
removed fiom the sampler along with the liner. The field geologist will classic and sample the soil 
located within the liner. Upon completion, the excess soil will be placed into a 55-gallon drum for 
disposal and the inner liner properly disposed. After decontamination, the Macro-Core sampler will 
be reassembled using a new liner. The clean sampler will then be advanced back down the same 
borehole to collect the next soil core interval. 

Upon completion of sampling, the borehole will be grouted fiom the base of the borehole to ground 
surface. As the Geoprobe Q piping is removed fiom the borehole, grout will be place in the Geoprobe 
@ piping and allowed to flow out, via gravity, into the void left by the piping. 
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Procedures for geologic logging and field classification will be as presented in Section 5.2. 

Shelbv Tube Sampling 

Shelby tube samples will be collected in accordance with the latest revision of ASTM Dl587. When 
the desired sampling depth is reached, the hollow-stem auger or casing will be cleaned out using 
whatever method is preferred so as not to disturb the material to be sampled. The Shelby tube will 
be lowered to the bottom of the borehole, then advanced (pushed) via pressure without rotation by 
a continuous relatively rapid motion until 24 inches of penetration is achieved. At the discretion of 
the field geologist, a period of approximately 10 minutes, measured from the time of insertion, will 
be allowed to provide for sample adhesion to the tube walls. Prior to removal, the tube may be 
rotated two complete revolutions to shear the bottom of the sample from the native material. 

Upon removal, the field geologist will log the tops and bottoms of the sample for soil classification. 
Samples recovered via Shelby tube will be preserved in conformance with the latest revision of ASTM 
D 4220. To preserve the natural moisture content of the samples, the tube ends will be sealed with 
a minimum of 0.50 inch of p a r 6  wax. Plastic slip caps will be applied at the ends of the sample 
tube, taped, then dipped and sealed in wax. 

Rock Coring * 
Conventional or wire-line HX or NX coring will be used if rock drilling is specified in the Site- 
Specific Work Plan. Prior to drilling at such locations, a minimum 4-inch diameter, temporary steel 
casing or equivalent will be placed or locked into the top of bedrock. Rock coring will be conducted 
in accordance with the latest version of ASTM D2 113. Upon retrieval, the core will be placed in a 
core box labeled as follows: 

Outer Core Box andlor End Panels 

1) ProjectISite name 
2) Site location 
3) Boringlwell number 
4) Box number 

5) Core run number and footage interval 
6) Date 

Inside Core Box Cover !in columns) 

1) Boringlwell number 
2) Run number 
3) Depth interval 
4) Actual recovery 

= 

5) Rock quality degree (RQD) in percent 

6) PID screening results where applicable 
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7) Comments 

In addition, a geologist will be on-site during the drilling operations to fully describe each core, 
including: 

1) Color 
2) Thickness of bedding 
3) Rock type 

Additional petrographic information 
Texture 
Weathering state 
Structure 
Detailed description of discontinuities and fillings 
Formation name 
Detailed description of visible impacts 
Miscellaneous observations 

Sample descriptions, PID readings, and drilling locations will be recorded in the field logbook. - 
5.2 Geologic Logging, Soil Classification and Documentation 

The field geologist will log borehole geology in the field logbook and on field forms. All samples 
collected from the borehole will be classified in accordance with ASTM standards D2487 Standard 
Method for Classification of Soils for Engineering Purposes and D2488 Standard Practice for 
Description and Identiiication of Soils or using the Burmeister Method and classlf'ymg the soils using 
the Unified Soil Classification System. The field geologist will be on-site during the drilling operations 
to classifyflog each sample in the field logbook and/or field forms including: 

Site; 
Boring number; 
Interval sampled; 
Date; 
Initials of sampling personnel; 
Drilling Company's Name; 
Soil type; 
Color; 
Feet of recovery; 
Moisture content; 
Texture; 
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Grain size and shape; 
Relative density; 
Consistency; 

Visible evidence of residues; and 
Miscellaneous observations (including organic vapor readings). 

If no recovery, or limited recovery, is observed in the sample, then a description regarding the lack 
of sample recovery should be provided on the log of boring, if evidence of an obstruction or 
equivalent can be identified. If no observable evidence is identified then no opinion or guess should 
be entered on the log of boring. 

Figure 1 presents an example of a log of boring form to be completed. If this form is not utilized, the 
form used should be approved by the Consultant's Project Manager as well as NM's project manger. 

Photo documentation 

Photo documentation of the Site activities will be conducted consistently throughout the 
implementation of the field program. A photographic log will be created and maintained as part of 
the overall field program. Visually impact materials andlor distinct stratigraphic changes in the soil 
column will be included in the photographic documentation for the individual Sites. 
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6.0 MONITORING WELL INSTALLATION AND DEVELOPMENT 

Monitoring wells will be installed at the locations identified in the Site-Specific Work Plan. After the 
completion of drilling and monitoring well installation, all wells will be developed prior to the 
collection of groundwater samples. The following procedures will be used to install and develop all 
monitoring wells. 

6.1 Monitoring Well Specifications 

Monitoring wells installed in unconsolidated deposits that do not penetrate a presumed confining layer 
will be constructed according to the following specifications: 

PVC or stainless steel 2-inch diameter threaded, flush-joint casing and screens with 
O-rings will be installed. 
Wells will be screened in the unconsolidated deposits. Screens will be approximately 
10 feet in length, and slot openings will be 0.020 inch. Alternatives may be used at the 
discretion of the field geologist, based on Site-specific geologic conditions. 
A sump, up to 2 feet in length, may be attached to the bottom of the screen to collect 
dense nonaqueous phase liquids (DNAPLs), if appropriate. A sump will not be 
installed ifDNAPL is not observed in the boring. rr44 
The top of the casing will extend to approximately 2 to 3 feet above ground surface 
where possible, given Site-specific considerations. Otherwise, flush-mount casings 
will be used. 
Where appropriate, the annulus around the screens will be backfilIed with silica sand 
(#1 Morie or equivalent), based on Site-specific geologic conditions and screen slot 
size, to a minimum height of 2 feet above the top of the screen. 
A bentonite pelledchip seal or slurry (30 gallons water to 25 to 30 lbs. bentonite, or 
relative proportions) will be placed above the sand pack. The bentonite pelledchip seal 
will be installed via gravity and allowed to hydrate for at least 1 hour before 
placement of grout above the seal. If the bentonite slurry method is used for 
installation of the seal, then a side discharging tremie pipe will be utilized for the 
installation of the bentonite seal. Where possible, the bentonite seal will be a minimum 
of 24-inches in depth, except in those instances where the top of the well screen is in 
close proximity to the ground surface. In these instances, the well will be completed 
in accordance with specifications provided by the field geologist, which will 
incorporate an adequate surface seal into the well design. 
A fine sand pack (Morie 00 or equivalent) approximately 1 foot thick will be placed 
above and below the bentonite seal to isolate it and to prevent mixing of components. 
The remainder of the annular space will be filled with a cement-bentonite grout up to 
the ground surface. The grout will be pumped fiom the bottom up. The grout will be 

.r4r 
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mixed in the following relative proportions: 30 gallons of water to three 94-pound 
bags of cement to 25 pounds granular bentonite. The grout will be allowed to set for 
a minimum of 48 hours before wells are developed. 
Each monitoring well will have an expansion plug or plumbers plug and a 4-inch 
diameter, steel casing with a hinged, locking cap placed over the monitoring well. The 
protective casing will extend approximately 2 feet below ground surface and be 
cemented in place. In some areas, it may be necessary to provide flush mounted 
casings. All wells will have keyed-alike locks and the keys will be maintained by the 
NM project manager. 
A concrete surface gad (2 ft x 2 ft x 6-inch) will be sloped to channel water away from 
the well casing. 
A weep hole will be drilled at the base of the protective standpipe casing to allow any 
water between the inner and outer casing to drain. If a flush mounted protective 
casing is installed then a small diameter drainage tube will be installed in the side of 
the casing discharging to the surrounding subsurface soils. 
The flush mounted monitoring well protective casing will be a minimum 8-inch 
diameter box or equivalent. All flush mounted well risers will be capped with an 
expansion plug or plumbers plug. 
The top of the PVC well casing will be permanently markedlnotched and surveyed to 
0.01 foot, and elevations will be determined relative to a fixed benchmark or datum. 
The measuring point on all wells, the permanent marklnotch will be on the innermost 
PVC casing. 
Each outer casing will be permanently labeled using a steel hand stamp or equivalent 
(i.e. MW-4). 

Modification of the above installation procedure will be subject to changes in the field. All field- 
executed changes will be communicated to the NYSDEC for their discussion and approval, if 
appropriate. 

Based on field conditions and evaluation of the best methodology to ensure the integrity of the seal, 
the field geologist will select the best method (i.e. bentonite pellet via gravity or bentonite slurry via 
tremie) to install the bentonite seal above the sand pack. 

Figure 3 shows details of an overburden monitoring well construction diagram for wells installed in 
unconsolidated material. Figure 2 shows details of a monitoring well installed with a flush mounted 
protective casing. 

Figure 4 shows details of a typical double-cased monitoring well construction diagram for wells 
installed in unconsolidated soils that & penetrate a presumed confining layer. The decision to install 

- double-cased wells will be made on a boring-sgeczc basis by the field geologist. Double-cased wells 
, ~ l r  will be installed when the boring for the monitoring well penetrates a presumed confining layer. The 
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confining layer shall be defined as a minimum five (5) foot thick, predominantly clay unit which has 
been shown to be laterally continuous across the Site. Tn the event the field geologist and NM and 
NYSDEC Project Managers decide a reasonable possibility exists for contamination to be deposited 
in deeper, clean zones during the drilling and installation of a monitoring well, the well will be double- 
cased. The purpose of the steel protective casing will be to minimize the possibility that residual 
contamination is deposited at the depth of the screened interval during the drilling process. 

Monitoring wells that penetrate confining layers will be installed according to the following 
specifications: 

6-inch inside diameter (ID) steel outer casings will be installed to a depth of at least 
2 feet below the lower limit of observed or measured contamination andlor the 
co-g layer. This casing will be grouted in place with cement to inhibit downward 
migration of contamination- 
The 6-inch casing will be installed through 6.25-inch ID hollow-stem augers. The 
augers will be filled with grout prior to 'their removal to ensure the integrity of the 
borehole and the grout seal. Then, the 6-inch casing will be installed into the grout 
and hydraulically pushed approximately I-foot beyond the bottom of the boring. A 3- 
foot thick grout plug will be installed at the base of the 6-inch diameter pipe through 
which the borehole will be advanced. Potable water will be trernied to the bottom of rrg, 

the inside of the casing to dilute the grout, thereby allowing the grout to be more 
easily pumped out of the casing. The grout, pumped out of the casing, will be 
drummed and staged with other investigation-derived waste (IDW). 
The cement-bentonite grout remaining in the annulus between the casing and the 
formation will be allowed to set for at least 24 hours before drilling is continued. The 
drilling will then continue using 4-inch diameter flush-joint spin casing and potable 
water. All lubricant water will be containerized. 
The well will be constructed of 2-inch diameter PVC or stainless steel riser pipe and 
screen, sand pack, bentonite seal, grout, and surface casing as specified for single 
cased monitoring wells discussed above and in accordance with NYSDEC 
requirements. The bentonite seal may consist of pellets or a bentonite slurry mixture 
in proportions relative to 30 gallons of water to 25-30 pounds of bentonite. The grout 
mix will consist of 30 gallons water to three 94-pound bags of cement and 25 pounds 
of granular bentonite. 

Monitoring wells to be installed as open holes in bedrock will be installed according to the following 
specifications: 

Advance each boring to the top of the bedrock surface. Borehole advancement will 
be conducted using 6%-inch inner diameter (ID) continuous flight hollow-stem augers 
in 2-foot intervals, to permit the continuous collection of subsurface soil samples with 
carbon steel split-spoon samplers in accordance with Section 5.1. Confirmation of the 
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bedrock surface depth will be based upon split-spoon and hollow stem auger rehsal. 
Overbore the borehole to a 12-inch diameter borehole, in which to install a temporary 
10-inch carbon steel overburden casing to bedrock, utilizing an appropriately sized tri- 
cone roller bit or thin wall bit. A 3-foot thick grout plug will be installed at the base 
of the 10-inch diameter pipe through which the borehole will be advanced, if 
appropriate. 
Subsequent to temporary casing installation, continue borehole advancement into the 
bedrock to a depth of 5 feet below the bedrock surface, first using the rock coring 
method for logging (see Section 5.1) and then overboring with a Pinch outer 
diameter (OD) tri-cone roller bit via the water rotary method. 
Set a permanent 6-inch carbon steel casing 5-feet into the competent bedrock by the 
spin casing method. 
Backfill the annular space around the well casing with bentonitdcement slurry to the 
surface. The ratio of cement to bentonite for grouting will be approximately 30 
gallons of water to three 94-pound bags of cement to every 25 pounds of granular 
bentonite. 
Remove the 10-inch temporary casing during pressure grouting. Allow grout to cure 
for at least 24 hours. 
Continue coring and then drilling in the borehole to the maximum anticipated total 
depth (i.e. 10 feet below the point where groundwater was encountered) andlor the 
depth where fiacture zones indicate suflicient yield, first using the rock coring method 
and then overboring utilizing the water rotary method and a 5-inch OD tri-cone roller 
bit or equivalent. 
Complete the open hole monitoring well with a protective locking stick-up or 
flushmount box installed in a concrete pad as per Section 6.1. 

If the borehole extends to a depth greater than 25 feet below the bottom of the surface 
casing (due to depth andlor yield of groundwater), construct the monitoring well 
using 10 feet of 2-inch diameter Schedule 40 PVC or Schedule 5 stainless steel wire 
wound screen (0.010-inch slot or a slot size appropriate to the formation) and 2-inch 
diameter Schedule 40 PVC or Schedule 5 stainless steel riser pipe. For non- 
flushmounted wells, at least 2 to 3 feet of riser pipe must extend above the ground 
surface. Flushmounted wells will only be installed in high traffic areas, such as 
roadways, sidewalks, etc. 
Backfill the annular space to a minimum height of 2 feet above the top of screen with 
a sand pack. The sand pack shall be Morie #1 silica sand or equivalent (based on Site- 
specific geologic conditions and screen slot size). The remaining annular space will 
be filled with bentonitelcement grout up to the ground surface. The ratio of cement 
to bentonite for grouting will be approximately 30 gallons of water to three 94-pound 
bags of cement to every 25 pounds of granular bentonite. 
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Complete the constructed monitoring well as described with a protective locking 
stickup or flushmount box installed in a concrete pad as per Section 6.1. 

Modification of the above installation procedure wdt be subject to changes in the field. All field- 
executed changes wdt be communicated to the NYSDEC for their discussion and approval, if 
appropriate. 

Characteristics of each newly installed well will be recorded on the appropriate well construction 
diagram. Each well will be identified with a well number placed on the inside of the well cap and on 
the outside of the protective casing or outside flush-mount cover. Each separate source of potable 
water used for the drilling process wiU be sampled once for TCLJTAL compounds. 

6.2 Monitoring Well Development 

After a minimum of 24 hours after completion, the monitoring wells will be developed by one or a 
combination of the following techniques: 

Surging; 
Bailing; 

Using a centfigal pump and dedicated polyethylene tubing; 
Positive displacement pumps and dedicated polyethylene tubing, andlor 
Other methods recommended by the field geologist and approved by the NM and 
NYSDEC Project Managers. 

Development water will initially be monitored for organic vapors with a PID. In addition, the 
development water will be observed for the presence of non-aqueous phase liquids (NAPLs) or 
sheens. The development water will be contained in a tank andfor 55-gallon steel drums on-site. The 
purge water will be disposed of in accordance with NYSDEC requirements. The wells will be 
developed until the water in the well is reasonably fiee of visible sediment (-30 NTU if possible) or 
until pH, temperature and specific conductivity stabilize, assuming a minimum of 10 well volumes of 
water has been removed fiom the monitoring well during development. In no case will well 
development exceed 8 hours per well. Following development, wells will be allowed to recover for 
at least one week before groundwater is purged and sampled. All monitoring well development will 
be overseen by a field geologist and recorded in the field logbook. 

6.3 In-Situ Hydraulic Conductivity Testing 

In-situ hydraulic conductivity testing may be performed on selected monitoring wells as indicated in 
the Site-Specific Work Plan to obtain estimates of groundwater velocities and potential groundwater 
recovery rates for the aquifer. The objective of the hydrogeologic testing is to determine the hydraulic 
properties of the aquifer in the vicinity of the Site. 

Slug tests may be conducted in selected monitoring wells utilizing the rising or falling head slug test 
technique. Rising head tests can be performed in unconfined and c o h e d  aquifers. Falling head tests 
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should only be performed in confined aquifers. The slug tests will be performed by subjecting water- 
bearing units in the screened interval to a stress caused by the sudden displacement of the water level 
within the well. The rising head tests will be conducted as follows: 

Slugs and other downhole equipment will be decontaminated before and after each 
test by methods described in Section 3.2. 
Prior to conducting each slug test, the static water level in the well will be measured 
to the nearest 0.0 1 foot. Water levels will be measured during the test with an electric 
sounder (water level indicator) and with pressure transducers attached to a data 
logger, thereby providing water level measurements by two independent devices. 
A weighted slug of known volume will be inserted gently into the well below the 
water table. The water level will be measured until the water level returns to static 
conditions. 

• The slug will be suddenly withdrawn from the well and the water level recovery will 
be monitored at appropriate intervals until recovery is complete and stabilized. 
Wells, which were bailed dry during development, may not be able to provide 
meaningful data through slug tests. Tests will be terminated in wells which do not 
recover si@cantly (>go% of static level) within a certain amount of time, at the 
discretion of the field geologist. These wells will be bailed dry and their recovery 
measured with an electronic water level indicator. 

The falling head tests will be conducted as follows: 

Slugs and other downhole equipment will be decontaminated before and after each 
test by methods described in Section 3.2. 
Prior to conducting each slug test, the static water level in the well will be measured 
to the nearest 0.01 foot. Water levels will be measured during the test with an 
electronic sounder (water level indicator) and with pressure transducers attached to 
a data logger, thereby providing water level measurements by two independent 
devices. 
A weighted slug of known volume will be quickly inserted into the well below the 
water table. The water level will be measured until the water level returns to static 
conditions. 
The test will be terminated in wells which do not recover sigmficantly (>go% of static 
level) within an unspecified time, at the discretion of the field geologist. 

The slug test data will be analyzed using the Cooper, Bredehoefi, and Papadopulos (1967) type curve 
method or the Bouwer and Rice (1 976, 1989) method. The Cooper et al. analysis assumes that the 
well penetrates a confined aquifer, and the Bouwer and Rice method applies where unconfined 

= conditions are prevalent. 
,Ce4 

6.4 WeU Abandonment 
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Monitoring wells installed in unconsolidated material will be abandoned in the following manner: 

• Remove the protective casing and concrete pad. 
• Over drill the well casing using hollow-stem augers or casing to at least one foot 

below the depth of the boring/well as indicated in the soil boring log. 
• Remove the well casing fiom the hole. If the casing cannot be removed while the 

augers are in place, cutoff the casing at least two feet, and if possible five feet, below 
the ground surface. 

• Add cementhentonite grout via tremie pipe fiom the bottom of the augers as the 
augers are withdrawn. 

• If the well casing cannot be overdrilled and removed, the well casing will be Wed with 
cementhentonite grout fiom the bottom up using a tremie pipe. The grout mixture 
will be as specified for the well installation (see Section 6.1). 

• Add grout to the point where the casing was cut off From that point up to ground 
surface, backfill with native soil material surroundiig the boring/well. 

Monitoring wells installed in Consolidated (bedrock) or open holes will be abandoned in the following 
manner: 

e 
• Remove the protective casing and concrete pad. 
• Add cementhentonite grout via tremie pipe fiom the bottom of the well up to the 

ground surface. The grout mixture will be as specified for the well installation (see 
Section 6.1). 

• Add grout to the point where the casing was cut off. From that point up to ground 
surface, back6ll with native soil material surrounding the boring/well. 

6.5 Packer Testing 

Attachment A presents the packer test procedures to be used in the event the hydraulic conductivity 
of a discrete bedrock zone is required for the purpose of determining the well screen interval of 
bedrock wells. Down-hole packer equipment will be decontaminated following the procedures in the 
FSP (see Section 3.1) prior to use at each location and prior to demobilization. 
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7.0 TEST PIT EXCAVATIONS 

When specified in the Site-Speczc Work Plan, test pits will be excavated using a rubber-tired or track 
backhoe. In the event deep excavations are anticipated, a track hoe will be utilized. Locations of test 
pits, if proposed in the Site-Specific Work Plan, will be finalized in the field, based on the location 
of potential source areas and existing underground utilities. If the prospective test pit location is 
covered by asphalt or concrete, the area will be saw cut prior to excavation. During excavation 
activities, personnel will stand upwind of the excavation area to the extent possible. Air monitoring 
will be conducted in accordance with the Generic EHS Plan (Volume 11). Test pit materials will be 
logged, as well as photographed for h r e  reference. Material removed fiom the test pit will be 
placed on polyethylene sheeting. Should sampling of excavated material be performed, samples will 
be collected with a decontaminated or a new disposable sampling tool, or equivalent, fiom the center 
of the backhoe bucket. Upon completion, the material fiom the test pit will be placed back in the 
excavation in the reverse order in which it was excavated. The location and size of the test pit will 
be measured and described in the field logbook. 

Visually clean soils, such as surface soils, will be segregated fiom soils that may be impacted. The 
visually clean soils will be used to cover the impacted soildsource materials when placed back in the 
excavation. At a minimum, the top two feet of back filled soil will be visually clean. If the original 
(top) two feet of soil is impacted or some portion of it is impacted then the soil will be replaced 
andlor supplemented with certified clean fill. Test pits will be backfilled as soon as possible after 
completion and in general prior to the cessation of activities at the end of the day. The closure of 
individual test pits, prior to work cessation at the end of the day, will be performed on a case by case 
basis utilizing criteria for the maintenance of safe working and overall Site conditions. For gravel 
roadways and parking areas, the backfill will be tamped down in 18-inch lifts. A 6-inch layer of clean 
run-of-crush gravel will be tamped in-placed as the final lift. For test pits located in asphalt-covered 
areas, the surface will be replaced with cold or hot asphalt mix, compacted by rolling, and trimmed 
flush with the adjoining surface. Test pits located in grass covered areas will be returned to original 
grade and reseeded. Following restoration of the excavation, the test pit will be stakedmarked to 
facilitate subsequent location by surveying crews. 

I 7.1 Underground Utilities 

Potential for encountering underground utilities is part of any subsurface investigation, where test 
pitting will be utilized as part of the investigation. When performing test pitting in areas of suspected 
live underground utilities, the test pits will be advanced by hand digging to a depth of five (5) feet 
-below ground surface to confirm the location of the live utility. If investigation of abandoned 
underground utilities is required, then the parameters of the investigation will be specified in the Site- 
Specific Work Plan. 

If an abandoned under ground pipe/structure, associated historically with the former MGP operations, 
is encountered during the test pitting operation, then excavation activity will cease until the pipe or - - 

IC4 underground structure can be adequately investigated. The investigation of the piping will include the 
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description of the pipelstructure construction, material, condition, orientation, dimension, and 
contents of the pipe/structure, if possible. If the piping/structure interior can not be readily accessed 
then penetration of the underground utility may be necessary. Penetration of any underground utility 
should be conducted with the utmost care and consideration given for the utilization of proper tools 
(spark proof, beryllium coated, etc) for the task at hand. Once the interior of the pipe is accessible 
then a sample will be taken of the pipe contents, and sent to a laboratory for analysis. 

If prior to initiation of test pitting activities, a live underground utility is identified in the area of 
anticipated test pitting, then the live underground line, if feasible, will be shut down. Consideration 
must be given to impacts to the facility operations prior to shutting down any active utility. (See the 
lockout tag out procedure section of the Generic HSP). 

If during test pitting activities an unexpected live underground utility is encountered, excavation will 
cease, the orientation and dimensions of the underground utility will be recorded, and if possible, the 
live utility will be shielded fiom damage and test pitting will continue. If shielding is not possible then 
the test pit will be back filled and a new test pit attempted in the general vicinity of the initial location. 
When performing excavation activities next to a live underground utility, care will be taken not to 
undermine or impact the operation of the live underground utility. If a pipe or underground utility is 
accidentally severed, the owner of the utility, then NM, will immediately be notified. Liquid flows or 
electricity will be shut off immediately and appropriate repairs initiated as soon as possible. If a 
release of liquid occurs, the Consultant PM will notify NM who will then not* NYSDEC. All 
appropriate response actions will be implemented. 
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8.0 GROUNDWATER SAMPLING 

The following is a step-by-step sampling procedure to be used to collect groundwater samples from 
the monitoring wells. Well sampling procedures will be recorded on the form shown in Figure 5. 
Sample management is detailed in the Generic QAPP (Volume 11). 

Groundwater samples will not be collected until, at minimum, one week following well 
development. 
Prior to sampling, measure the static water level from the surveyed well'elevation 
mark on the top of the PVC or stainless steel casing with a decontaminated water 
level probe. The elevation of nearby surface water bodies will also be recorded using 
bulkheads, culverts, or other convenient structures as reference points in which the 
elevation is known. These relative measurements will be used to aid with interpreting 
the relationship between observed surface water and groundwater fluctuations. 
Record time, date, and measurement to nearest 0.01 foot and record in the field 
logbook. 

• Decontaminate all field test equipment and meter probes prior to use on-site. 
Prior to collecting a round of groundwater elevations an oiVwater interface probe will 
be used to determine the presence of LNAPL and DNAPL in the well. 
A round of groundwater elevations will be collected prior to the start of sample 
collection. The measurement at each well location will be made from the top of the 
PVC or stainless steel casing with a water level probe. The measurements will be 
made in as short a time frame as practical to minimize temporal fluctuations in 
hydraulic conditions. 
Place a plastic sheet on the ground to prevent contamination of the bailer rope andlor 
the tubing associated with the purging (pump) equipment. 
Purge the well by removing a minimum of 3 well volumes or at least one volume of 
saturated sand pack, whichever is greater or use the low flow sampling procedures 
below. Purging will be conducted with a teflon, stainless steel or disposable 
polyethylene bailer, or a centrifbgal, submersible, peristaltic, or whale pump and 
dedicated polyethylene tubing, or other methods at the discretion of the field 
geologist, and with the prior approval of NM and NYSDEC. Purging of the well to 
stabilized parameters may be performed at between 100 to SOOmVmin. If the well 
goes dry before the required volumes are removed, the well may be sampled when it 
recovers sufficiently. 
Collect volatile organic analyte (VOA) or BTEX samples with Teflon, stainless steel 
or dedicated polyethylene bailers lowered by a dedicated polypropylene andlor Teflon 
line or other methods as indicated. TCL SVOCs, PAHs, pesticideLPCBs, TAL metals, 
natural attenuation parameters, and other non-conventional parameters may be 
collected with Teflon, stainless steel, or dedicated polyethylene bailer or a 
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submersible, or peristaltic pump using the low-flow sampling technique. Low flow 
well sampling will be at a rate less than or equal to 100nVrnin. 

Low-flow sampling procedures may be utilized to collect samples for metals analysis if sample 
turbidity is excessive. Low flow sampling will be performed according to USEPA (1 998) guidance. 
The pump should be capable of throttling to a low flow rate suitable for sampling. 

• Measure temperature, pH, turbidity, DO, and conductivity, at 5 to 10 minute intervals. 
When the parameters stabilize over 3 consecutive readings, sampling may commence. 
Record results in the field logbook prior to sample collection. 

• Fill sample containers for VOCs or BTEX first. Sample containers for SVOCs and 
other analytes are then filled. 

• After all samples are collected, dispose of polypropylene l i e  and bailer, or other 
dedicated disposable sampling equipment. 
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9.0 SURFACE WATER SAMPLING 

Surface water samples will be collected at the locations indicated in the Site-Specific Work Plan. 
Sample management is detailed in the Generic QAPP (Volume KC). A decontaminated stainless steel 
or glass cup may be used to collect the water for these samples or the sample bottles may be directly 
dipped into the water. At no time will a sample jar, which contains preservative, be submerged in the 
sampling media. The sample should be collected fiom mid-depth by submersing the sampling device 
or sample container to a mid-depth position and opening the container and dowing it to fill. If this 
methodology does not work effectively then an alternative sampling device (i.e. bacon bomb etc) can 
be utilized. The stainless steel or glass cup will be decontaminated following the procedures outlined 
in Section 3.2. Surface water samples will be collected downstream first, and then progressing in an 
upstream direction. If sediment sampling is to be performed in conjunction with surface water 
sampling at corresponding locations, the surface water sample will be collected prior to the sediment 
sample. 

Surface water flow measuring techniques will vary greatly based upon the existing field conditions. 
A discussion regarding the investigative techniques for collection of surface water flow measurements 
will be discussed in detail in the Site-Specific Work Plan. 

AU Field data will be recorded in the logbook and on the sample log sheet (Figure 6). 
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10.0 SURFACE SOIL SAMPLING 

Surface soil samples will be collected at the locations indicated in the Site-Specific Work Plan. 
Sample management is detailed in the Generic QAPP (Volume II). Samples will be collected using 
decontaminated stainless steel equipment or disposable sampling equipment. Ifthe selected sampling 
location is in a vegetated area, the vegetation will be removed over a one square foot area prior to 
sample collection. The sample will be collected fiom within the top 2-inches of the exposed ground 
surface. Samples will be collected by hand digging into the soil with a pre-cleaned stainless steel 
trowel or a disposable sampling tool. All samples selected for laboratory analysis will be placed in the 
appropriate containers provided by the laboratory. Sample containers for volatile organic analysis will 
be fUed first. Next, a sufficient amount of the remaining soil will be homogenized by mixing the 
sample in a decontaminated stainless steel bowl with a decontaminated steel trowel or disposable 
scoop. This composite sample will be analyzed for all remaining parameters identified in the Site- 
Specific Work Plan. 

All samples collected for analysis will be placed immediately into laboratory sample jars and properly 
stored in a cooler with ice to 4OC before transport to the laboratory. 

Duplicate samples will be collected at the frequency detailed in the Generic QAPP by alternately 
filling two sets of sample containers. Composite samples may be required to obtain a sufficient soil 
volume. 

In addition, surface soil samples will be described by including: 

Site; 
Location number; 
Interval sampled; 
Date; 
Initials of sampling personnel; 
Soil type; 
Color; 
Moisture content; 
Texture; 
Grain size and shape; 
Relative density; 
Consistency; 
Visible evidence of residues; and 
Miscellaneous observations (including organic vapor readings). 
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11.0 SUBSURFACE SOIL SAMPLING 

11.1 Samples for Laboratory Analysis 

Subsurface soil samples selected for laboratory analysis will be obtained from a standard Zfoot split- 
spoon or Geoprobe Q samplers and placed in the appropriate containers provided by the laboratory. 
The soil samples will be collected from the 2-foot sampling interval (assuming full recovery) of the 
split-spoon. Additionally, the Geoprobe Q methodology will utilize the standard 2-foot sampling 
interval. Sample containers for volatile organic analysis will be tilled first. Samples for volatile analysis 
will be collected or biased toward the collection of that portion of the sample that exhibits the highest 
PID reading or as otherwise detailed in the Site-Specific Work Plan. Next, a sufficient amount of the 
remaining soil will be homogenized by mixing the sample in a decontaminated stainless steel bowl 
with a decontaminated stainless steel trowel or disposable scoop. 

All samples collected for analysis will be placed immediately into sampling containers provided by the 
laboratory and properly stored on ice to 4°C before transport to the laboratory. Sample management 
is detailed in the Generic QAPP (Volume 11). In addition, a geologist will be on-site during the ddling 
operations to hlly describe each sample including: 

Soil type and sorting; 
Color; 
Feet of recovery; 
Moisture content; 
Texture; 
Grain size and shape; 
Relative density; 
Consistency; 

Visible evidence of residues; and 
Miscellaneous observations. 

Duplicate samples will be collected at the frequency detailed in the Generic QAPP by alternately 
filling two sets of sample containers. 

11.2 Geotechnical Testing 

When identified in the Site-Specific Work Plan, laboratory geotechnical testing will be performed on 
selected soil samples in accordance with appropriate ASTM standards. Geotechnical analysis will be 
performed on soil samples collected in Shelby tubes or in glass sampling containers including, but not 
limited to, the following tests: grain size and sieve analysis, total organic carbon, permeability, specific 
gravity, Atterberg Limits, porosity, moisture content, and bulk density. 
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12.0 S E D m N T  SAMPLING 

Proposed sediment sampling locations are identified in the Site-Specific Work Plan. Sample 
management is detailed in the Generic QAPP (Volume 11). Sample locations in surface waterways will 
be marked along the bank prior to sampling. For all sample locations, the distance fiom the waterline 
to the sample location will be measured and recorded in the field logbook. Sediment samples will be 
collected fiom the fbrthest downstream point, progressing toward the hrthest upstream sampling 
location. Following the completion of sampling the sediment locations will be marked along the 
shoreline for subsequent location by a survey crew. 

12.1 Shallow Sediment Samples 

Shallow sediment samples collected in shallow water will be collected with a Wildco core sampler, 
clam shell, lexane tubes, hand auger, vibracore or split-spoon sampler. Where possible, rocks and 
vegetative material will be discarded, and care will be taken to retain fine materials, which tend to 
disperse when disturbed. Sampling personnel will stand downstream of the sampling point to 
minimize disturbance of the bottom sediments during collection. Equipment will be decontaminated 
between samples following procedures outlined in Section 3.2. Field data will be recorded on the field 
sampling records. Surface sediment samples will be collected from a depth interval of 0 to 6 inches 
(0 to 15 cm) using these same procedures as outlined above. Sediments, which are located near shore 
and are not submerged, will be collected with a decontaminated trowel or disposable sampling tool. 

12.2 Deep Water Sediment Samples 

Sediment sampling in deeper water and samples requiring retrieval from deeper depths will be 
obtained using a barge-mounted drilling system or similar watercraft. Either a tripod and cat-head 
assembly or a Vibracore system will be used on the barge to advance the sampling apparatus into the 
bottom sediments. The tripod and cat-head assembly will be equipped either with a five-foot long 
"California" split-spoon sampler or a standard 2-foot long split-spoon sampler for sample collection. 
Split spoon samplers can be fitted with a sediment sampling head or shoe to ensure adequate recovery 
of the sample. To keep the hole open for subsequent samples and to minimize cross-contamination, 
3-inch spin casing will be advanced, with plug, into the sediment. The spin casing will be advanced 
in 2-foot increments prior to sampling. The sediment sampler will then be pushed ahead or below the 
base of the 3-inch spin casing. The spin casing will be pumped fiee of sediment after each sample is 
collected. When the casing is free of sediment, it will be advanced 2 additional feet in preparation for 
the next sample collection. 

The Vibracore uses a vibrating motion to advance a barrel and flexible plastic liner to achieve sample 
collection. A "core catcher" retains the sediment sample upon retrieval. Samples will be obtained by 
cutting the plastic liner longitudinally using a knife, then the sediment samples will be placed in 
sampling jars, based on sampling interval compensating for compression. 
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Sediment samples will be visually classified for texture and screened for the evolution of organic 
vapors with a PID. Samples will be collected or biased toward the collection of that portion of the 
sample that exhibits the highest PID reading or as otherwise detailed in the Site-Specific Work Plan. 
The sediment samples will be collected fiom the 2-foot sampliig interval (assuming full recovery) of 
the split-spoon. Visible staining or contamination will be noted in the field logbook. 

12.3 Sediment Probing 

When identified in the Site-Specific Work Plan, sediment probing will be utilized to evaluate the 
presence of NAPL in the stream bedding. The near-shore sediient probing will be performed on a 
Site by Site basis. The use of standard visual observance techniques to evaluate the possible presence 
of sheens on the adjacent water bodies, with out disturbance of the sediments, will be conducted as 
part of the initial Site Investigation. The Sediment probing activities can be used to supplement the 
information collected during the initial Site investigation by focusing the probing activities in the area 
of the observed sheens. 

Implementation of a sediment probing investigation will involve the use of multiple sections of 318- 
inch to %-inch threaded rod and associated threaded female couplings. The threaded rod will be 
pushed into the sediient at multiple locations in an attempt to disturb the near surface sediments as 
well as deeper sediments. Upon detection of any sheen a stake will be located along the shoreline to * provide a marker for the subsequent location by a survey crew, if require by the Site-Specific Work 
Plan. Sediment probing can also be used to provide information on the depth of competent material 
below the soft surface sediments. 

Personnel will stand downstream of the sampliig point to minimize disturbance of the bottom 
sediments prior to utilizing the probe. Equipment will be decontaminated prior to use in the stream 
and post use, following procedures outlined in Section 3.2. Field data regarding the location, depth, 
odor, and description of the sheen will be recorded on the field logbook. 

Sediment probing in deeper water and samples requiring retrieval fiom deeper depths will be obtained 
by utilizing a rowboat or similar watercraft. 
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13.0 AIR MONITORING 

13.1 Ambient Air Monitoring 

Air monitoring will be conducted with a photoionization detector @ID) and combustible gas indicator 
(CGI) during all drilling and intrusive activities. The PID will be used to monitor for organic vapors 
in the breathing zone, borehole, and along the Site's perimeter and to screen samples for analysis. The 
CGI measures the concentration of combustible gas or vapor in air, indicating the results as a 
percentage of the lower explosive limit &EL) of the calibration gas. Action levels are identified in 
the Generic EHS Plan (Volume II). 

PID and CGI readings will be recorded in the field logbook and on the soil-boring log during drilling 
activities. The PID and CGI are calibrated at least once each day and more frequently if needed with 
the manufacturer specified calibration gas. The detailed procedures for the PID and CGI operation 
and calibration are included in the Generic EHS Plan (Volume II). 

13.2 Perimeter Air Sampling 

Perimeter air sampling may be required during field activities at the Site. Air sampling may be 
required during test pit excavation andfor during soil excavation/removal associated with an IRM. 
The basis for such sampling will be outlined in the Site-Specific Work Plan. - 
Prior to the collection of air samples, air-sampling stations, commonly one (1) upgradient and two 
(2) downgradient, will be set up at the Site perimeter. The location of these stations is based on daily 
wind direction during the field activities. A sample station would be setup so that the sample media 
(Summa canister, high volume sampler, whole air sampler or absorbent tube, etc.) would draw in air 
from approximately 2 to 4 feet above the ground surface. The sampling media would remain in place 
a maximum 24-hour period before it is shipped overnight to a laboratory for testing. Air samples are 
commonly analyzed for BTEX via Method TO-1 5 (summa canister using a whole air sampler) or TO- 
17 (using an absorbent tube) and PAHs via Method TO-13 (using a high volume sampler). 

13.3 Building Interior Air Sampling for Volatile Organic Compounds (VOC) 

When identified in the Site-Specific Work Plan, building air sampling will be performed in the on- 
site buildings during follow up investigations. Interior air sample collection will be performed in 
the basement and on the first floor of buildings potentially impacted by on-site contaminants. 
Various collection techniques will be used based on the type of contamination anticipated and the 
requirements set forth in the USEPA ERT SOP # 1704, #212 1, and # 2 1 19. Interior air sampling 
will also conform with NYSDOH indoor Air and Analysis guidance and the off-site Laboratory 
will have the New York State Environmental Laboratory Approval Program (ELAP) certification. 

The following procedure will be used for air sampling of VOCs, based on USEPA ERT SOP - 
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I. Subatmoqheric Pressure Sampling Using a Fixed OrzJice, Capillay, or Adjustable 
Micrometering Valve 

Complete the appropriate information on the Canister Sampling Data Field Sheet. 

A canister, which is evacuated to 0.05 rnm Hg and fitted with a flow restricting 
device, is opened to the atmosphere which contains the VOCs for sampling. The 
pressure differential causes the sample to flow into the canister. 

This technique can be used to collect grab samples having a duration of 10 to 30 
seconds or time-integrated samples having a duration of 12 to 24 hours. The 
sampling duration is depends on the degree to which the flow is restricted. 

As the pressure approaches atmospheric pressure, a critical orifice flow regulator will 
cause a decrease in the flow rate. 

Record data on an appropriate data sheet andfor in the field logbook. 

The following procedure will be used for air sampling of VOCs, and is based on USEPA ERT SOP 
# 1704: 

ii. Subatmoqheric Pressure SampIing or Pressurized Sampling Using a Mass Flow 
ControllerNacuum Pump Arrangement (Andersen Sampler Model 87-100) 

Complete the appropriate information on the Canister Sampling Data Field Sheet. 

Open a canister, which is evacuated to 0.05 mrn Hg and connected in line with the 
sampler, to the atmosphere, which contains the VOCs for sampling. 

A whole air sample will be drawn into the system through a stainless steel inlet tube 
by a direct drive blower motor assembly. A small portion of this whole air sample is 
drawn from the inlet tube by a specially modified inert vacuum pump in conjunction 
with a mass flow controller. 

The initially evacuated canister is filled by the action of the flow controlled pump to 
near atmospheric pressure (subatmosphereic pressure sampling) or a positive pressure 
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not to exceed 25 psig (pressurized sampling). 

A digital time program is used to pre-select sample duration and start and stop times. 

Record data on an appropriate data sheet andfor in the field logbook. 

The following procedure will be used for air sampling of SVOCs and/or pesticidedPCBs, and is 
based on USEPA ERT SOP #2 12 1 : 

Using a calibrated sampler, place the sampler in the desired location. The polyurethane 
foam (PUF) sampler should be in the breathing zone in order to prevent elevated 
results. It should be located in an unobstructed area, at a distance of twice the height 
of any obstruction to air flow but no closer than two meters to the obstacle. 

Assemble the sampling system by attaching the legs and magnehelic panel to the 
platform. Connect the motor to the platform, making sure that the gasket is placed 
between the motor and the platform. Plug the motor into the timer located on the la 
magnehelic panel. Connect the magnehelic to the venturi with tubing. Adjust the 
exhaust hose to face downwind of the sampler. 

Put on clean surgical gloves. 

Place the loaded sampling module into the quick release fitting and engage by locking 
the two levers down securely. Remove the metal cover. 

Record the pump number, location, sample start time, timelcounter at the start, and 
other pertinent information on an appropriate data sheet and/or in the field logbook. 

Plug in the unit. If necessary, adjust the magnehelic gauge by turning the ball valve 
in order to achieve the reading required to reach the target flow rate. Wait 
approximately two minutes for the magnehelic reading to stabilize. 

M o w  the sampling system to operate for the predetermined duration. If the sampling 
system is in use for more than 24 hours, the initial calibration should be audited every 
24 hours. If the resultant value for the check is +I- 7 percent of the initial calibration, 
the sampling system must be recalibrated. 

r4 
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The following procedure will be used for air sampling of metals, and is based on USEPA ERT 
SOP #2119: 

Assemble the sampling trains with clean filter cassettes. Verify the pump calibration 
by removing the inlet plug Erom the cassette, attaching a rotameter with Tygon tubing 
and turning on the sampling pump. Check to make sure all the connections are tight. 

Record the actual flow rate on an appropriate data sheet andlor in the field logbook. 
Replace the inlet plug until ready to sample. 

Set the sampling pump timer (low volume pumps) for the predetermined sampling 
time, or record the elapsed timer on the data sheetAogbook. This will be determined 
based on the type of pump being used. 

Deploy sampling pumps at sampling locations. Remove the cassette cap or inlet plug 
&om the cassette. Sampling for elements can be conducted with the cassettes open- 
faced (cassette cap removed) or closed-faced (only inlet port plug removed). Open- 
faced is preferred because it allows even loading of the filter cassette and should be 
used whenever high particulate concentrations are expected in order to allow greater 
particulate loading of the filter. Closed-faced sampling is performed when there is a 
possibility that the sample may be shaken and particulates may be lost. 

Turn on the sampling pump and let it run for the predetermined sampling period. 

M e r  the sampling period is over, verify the sampling period by reading the sample 
run time (low volume pumps) or by checking the elapsed time on the counter 
(medium volume pumps). Record the length of sampling time on the data sheet 
and/or in the field logbook. Turn off the pump. 

Verify the pump calibration by attaching a rotameter with Tygon tubing and turning 
on the sampling the inlet plug. 

Remove the sampling cassette fiom the sampling train and insert the outlet plug. 
Calculate sample volume. 
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14.0 GEOPHYSICAL AND SOIL GAS SURVEYS 

When specified in the Site-Specific Work Plan, geophysical and soil gas surveys will be carried out 
at the, site with the primary objective being to delineate areas of possible subsurface impacts from 
former MGP operations. Delineation of impacted areas will allow for a more focused and efficient 
sampling program during subsequent phases. Sampling locations may be located downgradient of 
potential historical MGP operations areas to determine if these areas act as contaminant sources. 
Also, boring locations can be adjusted to avoid large subsurface metallic bodies, thereby minimizing 
the potential for release of hazardous material from buried containers, and avoiding the expense 
associated with multiple boring attempts due to subsurfkce rehsal. Furthermore, additional valuable 
subsurface information may be derived from this study, including: 

Delineation of underground structures( i.e. holder, and tar well); 
Mapping of existing site utilities and former MGP utilities; and, 
Detection of underground storage tanks (USTs) andlor other potential contaminant source areas. 

If potential historical MGP operations areas prove to act as contaminant sources, the results of the 
geophysical investigation may also provide important information necessary for an Interim Removal 
action. 

14.1 Geophysical Survey GPR and TDEMI 

Two geophysical methods can be used for the geophysical survey: Time-domain Electromagnetic 
Induction (TDEMI) and ground penetrating radar (GPR). TDEMI can detect ferrous and non- 
ferrous metallic objects, such as a single 55-gallon drum, at a depth of up to 3 m (10 fi) bgs; GPR can 
detect both metallic and non-metallic subsurface targets at depths varying from several centimeters 
up to 20 m (65 ft bgs) or more, dependent upon frequency of induced waves, soil conductivity, and 
presence of extremely reflective interfaces. GPR can also be utilized to locate void spaces, detect 
disturbed soil or differential fill, and map Site Stratigraphy. 

The TDEMI system utilized at the site will be the Geonics EM6 1 High Sensitivity Metal Detector or 
similar equipment. The EM6 1 is a one-person portable system designed primarily for industrial site 
assessment. The EM61 is relatively insensitive to nearby surface cultural interferences such as 
buildings, powerlines, and fences, and has the ability to record digital data at 0.17 second intervals, 
which translates to a spatial sample density of approximately 0.17 m (0.55 ft) along the ground 
surface. 

The GPR system utilized at the site will be the Geophysical Survey Systems, Inc. (GSSI) SIR-2, or 
equivalent and will be equipped with both 200 and 500 MHZ antennas. The GSSI SIR-2 is a 
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monostatic GPR system, in which a single antenna is used as the transmitter and receiver. The 
antennas are shielded to ensure a high proportion of the energy produced is focused into the 
subsurface, decreasing noise from surrounding fences, buildings, and other features. The GPR 
reflection section is displayed in real time as data is acquired, and an analog record is output by an 
in-the-field printer. Data is also digitally logged to a high-capacity drive at a rate of 32 scans/second, 
which translates to a spatial sample density of approximately 0.03 m (0.1 ft) along the ground surface. 

Geophysical Survev Ground Penetrating Radar (GPR) and Time-Domain Electromagnetic 
Induction (TDEMI) 

The geophysical investigation will encompass all areas suspected of former MGP operations. The 
survey area will be run over both paved and vegetative cover and will be divided into four (4) 
subplots ranging in size ftom 0.2 to 0.5 acres. The EM61 data will be acquired using a Leica system 
530 Global Positioning System (GPS), or equivalent equipment, for navigational control. GPS data 
will be captured in one second intervals, utilizing the real-time kinematic (RTK) mode, which 
provides centimeter-grade positional accuracy. GPR data will be acquired along a pre-established 
orthogonal grid system, with line and station spacing appropriate for detection of targets of interest. 

Concurrent with geophysical data acquisition, cultural features maps will be developed which will 
detail the location of potential interferences such as buildings, fences, utilities, etc. These maps will 
be utilized in the interpretation stage to more accurately assess the significance of geophysical 
anomalies observed in the data. 

TDEMI data will be processed and interpreted using manufacturer-supplied software. TDEMI data 
will be interpolated to accurate State Name Planar coordinates with appropriate shifts and filters 
applied, and data extrapolated to a regularly spaced grid system using accepted mathematical 
methods. These data will then be displayed as high-resolution color maps. Proprietary software will 
then be utilized to isolate and characterize subsurface anomalies potentially related to steel structures 
or buried drums. 

GPR data will be processed and interpreted using WINRAD andlor GRADIX software packages or 
equivalent. Processing may include "rubber sheeting" of data to appropriate coordinates, application 
of appropriate gains and filters, display of color-coded GPR sections, and advanced processing 
techniques, such as migration and deconvolution. Dfiaction hyperbolas or other discrete anomalies 
will be identified and characterized and compared with locations of EM61 anomalies. GPR 
anomalies, which occur in areas fiee of EM61 anomalies can be attributed to non-metallic targets, and 
may be associated with plastic barrels. 

A final report including description of data collected, maps of the geophysical data, and 
interpretation of these data will be included in the Final Report. 
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Geo~hvsicd Survev Ground Penetrating Radar (GPR) and Time-Domain Electromametic 
Induction (TDEMn Procedure 

The geophysical survey will be conducted using the following procedure: 

1. Clear the surface of the area to be surveyed (performed by clearing and grubbing 
subcontractor). This may include cutting underbrush to a height less than 0.3m (1 foot), 
removing trees less than 7.5 cm (3 inches) in diameter, removing brush, and mowing grasses 
greater than 0.6m (2 feet) in height. A sweep for metal objects on the ground surface will 
be conducted, and surficial metal identified will be noted and rembved from the area of 
investigation. 

2. Establish survey control within the investigation area. Survey markers will be installed both 
within and around the boundary of the survey area, and these points will be utilized to 
establish and calibrate the GPS base station. 

3. Acquire data fiom each instrument fiom a test line prior to commencement of each day's 
activities. This test line will be performed over a known subsurface object or over a pre- 
placed object (such as a steel pipe). 

4. Obtain GPS reading at a known survey point. 

Begin survey at the southwest comer of the investigation area (or a subdivision of the 
investigation area) and progress northward (or eastward) until the area boundary or a major 
obstruction is encountered. TDEMI data will be acquired at a sampling rate of 
approximately 6 samples per second, which translates to a sample density of 1 sample every 
0.17 meters (0.55 feet) based on an average walking pace. GPS data will be acquired 
concurrently with TDEMI data, at a rate of [1 sample] per second. GPR readings will be 
acquired at a sampling rate of approximately 32 scans per second, which translates to a 
sample density of 1 sample every 0.03 meters (0.1 feet) based on an average walking pace. 

6 .  After reaching the grid boundary or obstruction, reverse direction, and acquire survey data 
in the opposite direction along a parallel l i e  at the following line spacing: 1 meter (3 ft) for 
TDEMI readings and 2-meters (6 ft) for GPR readings. 

7. Continue acquiring data in opposing directions, until the entire investigation area has been 
covered. 

8. Acquire several lines of TDEMI data over a known linear metallic object placed upon the 
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ground surface. This procedure will allow for accurate t i e  shifting of geophysical data 
necessary for merging the geophysical and GPS data. 

9. Acquire data from the test line subsequent to each day's activities, for quality assurance 
comparison. 

10. Obtain GPS reading at known survey point for QA comparison. 

14.2 Geophysical Survey Magnetometer and FDEMI 

A geophysical investigation to delineate areas of possible subsurface impacts can be performed by 
utilizing two geophysical methods: magnetometry and frequency-domain electromagnetic induction 
WEW. 

Geophysical data will be collected using two instruments: a Geometries G-858G magnetometer 
(configured as a vertical gradiometer and including a continuous-recording base station) and a 
Geonics EM3 1-MK2 ground conductivity meter or equivalent equipment. Positional data will be 
verified by utilizing a Leica System 530 GPS system, or equivalent, for navigational control. GPS 
data will be captured at one second intervals, utilizing the real-time kinematic (RTK) mode, which 
provides centimeter-grad positional accuracy. 

Geophysical Survey Mametometry and Freauencv-Domain Electromagnetic Induction (FDEMI) 
Procedure 

The geophysical survey will be conducted using the following data collection procedure: 

1. Clear the surface of the area to be surveyed (performed by clearing and grubbing 
subcontractor). This may include cutting underbrush to a height less than 1 foot, removing 
trees less than 3 inches in diameter, removing brush, and mowing grasses greater than 2 feet 
in height. A sweep for metal objects on the ground surface will be conducted, and surficial 
metal identified will be noted and removed from the area of investigation. 

2. Establish survey control within the investigation area. Survey markers will be installed both 
within and around the boundary of the survey area, and these points will be utilized to 
establish positional control, as well as calibrate the GPS base station. 

3 .  Acquire data from a test line prior to commencement of each day's activities. This test line 
will be performed over a known subsurface object or over a pre-placed object (such as a 
steel pipe). 

November 20,2002 14-4- ~ i a ~ a r a  Mohawk 



Generic FSP for Site Investigations at Manufactured Gas Plant Sites 
e 

4. Set up magnetometer base station. 

Begin survey at the southwest comer of the investigation &ea (or a subdivision of the 
investigation area) and progress northward (or eastward) until the area boundary or a major 
obstruction is encountered. Magnetometry data will be acquired at a sampling rate of 
approximately 10 samples per second, which translates to a sample density of 1 sample every 
0.1 meters (0.33 feet) based on an average walking pace. FDEMI conductivity readings will 
be acquired at a sampling rate of approximately 2.5 samples per second, which translates to 
a sample density of 1 sample every 0.4 meters (1 -3 feet) based on an average walking pace. 
GPS data will be acquired concurrently with geophysical data, at a rate of 1 sample per 
second. 

6 .  After reaching the boundary or obstruction, reverse direction, and acquire survey data in the 
opposite direction along a parallel line at the following line spacing: 1 meter for 
magnetometer readings and 2 meters for conductivity readings. 

7. Continue acquiring data in opposing directions, until the entire investigation area has been 
L..s, 

covered. 

8. Acquire several lines of geophysical data for a known linear metallic object placed upon the 
ground surface. This procedure will allow for accurate time shifting of geophysical data 
necessary for merging the geophysical and GPS data. 

9. Repeatedly (at least 3 times per day) revisit a calibration station and collect data with the 
EM3 1, in order to provide for an instrument drift correction. 

10. Acquire data from the test line subsequent to each day's activities, for quality assurance 
comparison. 

The geophysical data will be processed and interpreted using manufacturer-supplied software. Data 
will be interpolated to NYS State Plane coordinates, filtered as appropriate, extrapolated to a grid 
system, and displayed on maps of the Site. 

14.3 Downhole Geophysics 

Downhole gamma-ray geophysical logging, if required in the Site Specific Work Plan, will be 
conducted by a utilizing existing wells or soil borings as they are completed. Gamma-ray logging may 
be conducted in cased as well as uncased boreholes, and, because clays typically contain a higher - 
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percentage of gamma emitting minerals, can be usehl for identification and correlation of clayey 
zones. The gamma-ray log can provide information on stratigraphic changes in the subsurface soils. 

1. Be certain that the well has ample clearance for the gamma probe to pass without obstruction 
or binding. A dummy cylinder with the same diameter as the gamma log tool may be 
lowered downhole as a test for obstructions. Downhole may be performed if significant 
uncertainty exists. Wear appropriate health and safety equipment. 

2. Set the tripod over the wellhead and park the mobile unit at a convenient location 

3. Slowly and carefilly lower the probe to the bottom of the well with the logger recording the 
counts per second (cps) of gamma radiation. The descent is a "dry" run until the well 

bottom is attained. 

4. Set the plotter so the gamma-ray logging is recorded on a graph. Set the upward speed at a 
constant rate. Bring the probe to the surface. 

5. If the graph is successhlly plotted, perform appropriate decontamination on the probe and 
rn the line and proceed to the next logging location. 

14.4 Soil Gas Survey 

A soil gas survey, if required by the Site-Specific Work Plan, will be performed around the Site to 
delineate areas of possible subsurface impacts and potential source areas. A sampling grid of 
approximately 100 feet by 100 feet or depending on the size of the investigation area, will be utilized 
across a majority of the Site, with soil gas samples collected at the grid nodes. Additional soil gas 
samples will be collected at 25 foot by 25 foot grid nodes in the vicinity of the potential test pit 
locations, and at any other additional areas determined during the field investigation (e.g., elevated 
levels present during real-time sampling, etc.). Actual sampling locations will be adjusted in the field 
to ensure sample targeting of all suspected areas of subsurface impacts. A field gas chromatograph 
(GC) will be used to determine sample screening concentrations of volatile organic compounds 
(VOCs). Water table, barometric, and temperature changes can vaIy the results. 

The FOL or his designee, will be present on-site during active soil gas collection activities. The 
following soil gas survey activities will occur: 

Location of the soil gas survey locations; 

Comparison of the field GC data with applicable quality assurance data to 

rn determine acceptability of results; 
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Determination of the need for additional or a reduction in the number of soil gas 
survey points; 

Supervision of the topographic surveying to locate the sampling points; 

Review of the data analysis and evaluation from the soil gas survey report; and 

Recommendation for movement of the proposed field investigation sampling 
locations based on the soil gas survey results. 

Soil Gas Survev Procedure 

1. Record ambient air temperature and barometric pressure. 

2. Drill a hole into the soil either by hand auger, rotary hammer, or driven rod (as conditions 
dictate), to roughly 4 to 5 feet in depth. The depth may be reduced based upon conditions 
at the Site at the time of sampling; all changes will be noted on Field Change Requests (see 
Section 13.0 of the QAPP). 

3. Insert a probe, slightly smaller in diameter than the borehole, into the hole, and the hole will 
be sealed by packing soil around the expansion bulb at the probe top. The probe assembly 
will be selected by the soil gas crew and FOL, to provide the best probe assembly for the Site 
conditions. A typical assembly would consist of a 114-inch O.D. stainless steel probe, 
approximately 5-feet in length, and Teflon tubing, with a reducing tee and cap attached to 
the fitting. 

4. Ensurdtest vacuum with a gauge attached to the probe. 

5. Extract soil gas through the probe via a vacuum pump connected to the tubing. Purge 
approximately 3 to 5 sample volumes prior to sampling to remove any introduced ambient 
contamination. 

6. Remove the soil gas sample with a 500 uE gas-tight syringe or equivalent device, inserted into 
the tubing in front of the pump. This volume is adequate for achieving the required detection 
limit of 25 ugL. If necessary, due to field conditions, the sample can be stored in a 
pressurized container. 

7. Immediately inject the sample into the calibrated GC (see Step 8), and plot the chromatogram. 
Identi@ and quantifl, based on standard peaks, any contaminants present in the soil gas 
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sample. 

8. Calibrate the GC prior to sample analysis. Initial instrument calibration should consist of a 
minimum of 3 concentration points (5 points are preferred), to demonstrate the working 
range and linearity. Linearity will be assumed ifthe ratio of the area response to the amount 
injected is constant over the working range (i.e., less than 20 percent Relative Standard 
Deviation). In addition, an initial verification of a less than 25 ugL detection limit shall be 
run. 

9. Check the sample probe for contamination between each sample location, by drawing ambient 
air through the probe via the pump, and checking that the response is not greater than 
background levels. If necessary, decontaminate the probes using methanol and deionized 
water, and then air drying. 

Calibration standards will be run at the beginning and end of each sampling day, and a method blank 
shall be analyzed every 12 hours and after any highly contaminated samples to check for carry-over. 
In addition, an environmental field duplicate will be chosen and analyzed every 20 samples. 

15.0 FIELD INSTRUMENTS 

All field analytical equipment will be calibrated immediately prior to each day's use and more 

- frequently if required. A calibration log will be created on which aU equipment calibration will be 
Llr 
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Calibration using a turbidity standard will be performed at the start of each day of use and after very 
high or low readings. The portable turbidity meter will be calibrated using a reference solution 
specified by the manufacturer. The turbidity reading must be within k2 NTU of the standard to be 
acceptable. 

15.5 DO Meter 

Calibration using a DO standard will be performed at the start of each day of use. The portable DO 
meter will be calibrated using a calibration solution specified by the manufacturer. The DO reading 
must be within 5% of the standard to be acceptable. 

15.6 Combustible Gas Indicator 

Calibration of the CGI will conform to the procedures prescribed in the Generic Environmental 
Health and Safety Plan (Volume II). Calibration will occur at the start of each day of use. 
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16.0 MANAGEMENT OF INVESTIGATION DERIVED WASTE 

During the implementation of field activities, investigation derived wastes (IDW) will be generated 
at the Site. These IDWs will include the following: soil drilling mudwater, development and purge 
water, decontamination wash water, PPE, polysheeting, spent decontamination fluids, etc. Following 
the generation of these IDWs, they will be properly containerized in 55-gallon drums, fiac tanks, 
agricultural poly tanks, and/or roll-off containers. PPE will be bagged and placed in 55-gallon drums. 
The cont+ers will be properly labeled with the date of generation, the Site name, client name and 
address, contents of the containers, etc. Upon generation the IDW will be immediately containerized. 
The containers will be secured at the end of each day at the Site. The containers will be iegregated 
on-site in a temporary fenced area and signs stating "Do Not Enter" will be posted on the fencing. 
Upon completion of the field activities, the containers will be sampled for disposal characteristics. 
IDW materials will be removed fiom the Site and shipped to an approved facility. Waste handling 
procedures and regulations will be strictly adhered to during all phases of waste handling. 
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Table 1 
METHOD FOR IDENTIFYING AND LABELING SAMPLES 

LLLL* LL* NN* N N m *  

Site Sample Type Sample DepthfTime 
Location 

Site : 
Sample Type: Monitoring Well (MW), Surface Soil (SS), 

Subsurface Soil (SB), Sediment (SD), 
Surface Water (SW), Waste Water (WW), Solid Waste (WA) 

Sample Number: Number referenced to a sample location map illustrated in the Site-Specific 
Work Plan. 

* L = Letter 
* N = Number 
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LOG OF BORING I 
I (Page 1 of 7 )  

! oATESTARTED: : OW DEPTH: 
DATE COMPLETED: : ELRIATIOH: PROJECT: 

PROJECT NO.: GE~OGIST~ 
LOCATION: DRILLER: 



Figure 2 

UNCONSOLIDATED 

BORING NO.: 

ELEVATION OF TOP OF SURFACE CASING: 
TYPE OF SURFACE SEAL: 
GROUND SURFACE ELEVATION: 
ELEVATION OF TOP OF RISER: 

I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING: 

RISER PIPE I.D. 
TYPE OF RISER 

TYPE OF BACKFILL: 

ELEVATIONDEPTH TOP OF SEAL: 
TYPE OF SEAL: 

ELEVATIONDEPTH TOP OF SAND PACK: 
ELEVATIONDEPTH TOP OF SCREEN: 

SLOT SIZE X LENGTH: 
TYPE OF SAND PACK: 

ELEVATIONDEPTH BOTTOM OF SCREEN: 

ELEVATIONDEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 

ELEVATIONDEPTH OF HOLE: 



Figure 3 
I 

OVERBURDEN WELL NO. 
MONlTORlNG WELL 

CONSTRUCTION DIAGRAM 

ROJ ECT 
ROJECT NO. 
)ATE BORING NO.: 
LEVATION 

NOT TO SCALE 

DRILLER 
DRLUNG 
METHOD 
DEVELOPMENT 
METHOD 

ELEVATION OF TOP OF SURFACE CASING: 

ELEVATION OF TOP OF RISER PIPE 

STICK-UP TOP OF SURFACE CASING: 

STICK-UP RISW PIPE: 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 

TYPE OF SURFACE CASING: 

RISW PIPE I.D. 

TYPEOF RISER P I E  

BORMOLE DIAMETER 

TYPE OF BACKflI-I: 

ELEVATIONIDEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION/DEFTH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE X LENGTH: 

TYPE OF SAND PACK: 

WATIONIDEFTH BOTTOM OF SCREEN: 

ELEVATIONIDEFTH BOTTOM OF SAND PACK: 

TYPE OF BACKFILL BELOW OBSERVATION 

WELL: 

WATIONIDEFTH OF HOLE: 

NOT TO SCALE 



Figure 

DOUBLE CASED WELL NO. 
MONITORING WELL 

CONSTRUCTION DIAGRAM 

ELEVATION OF TOP OF RISW PIPE 

STICK-UP RISW PIPE: 

I.D. OF SURFACE CASING: 

TYPE OF SURFACE CASING: 

TYPE OF SURFACE SEAL: 

TYPE OF BACKFILL: 

I.D. OF UPPER AQUIFER CASING: 

TYPE OF UPPER AQUIFER CASING: 

BOREHOLE DIAMETEWDEPTH: 

I.D.0F RISER: 

TYPE OF RISER: 

DEPTH CASING IS SET IN 

CONFINING LAY ER: 

APPROXIMATE THICKNESS OF 

CONFINING LAYER: 

ELEVATIONIDEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

TYPE OF SAND PACK: 

BOREHOLE DIAM ETER: 

TYPE OF SCREEN: 

SLOT SIZE X LBlGTH: 

I.D. OF SCREEN: 

ELEV ATIONIDEPTH BOTTOM OF SCREEN: 

ELEVATIOWDEF'TH BOTTOM OF SAND PACK: 

TYPE OF BACKFILL BELOW OBSERVATION 

EEVATIOWDEF'TH OF HOLE 



. WELL PURGE DATA SHEET 
PROJECT NAME: 
PROJECT No.: 
DATE: 

Well I.D.: 

Casing Volume 
Well Diameter (d) = ft 

Well Radius (r,) = ft 

Well Depth (TD) = ft 

Static Water Level (WLF ft 

Height of Water in Well (T): 
T = TD (ft) - WL (ft) 
T =  
T = ft 

Gallons of Water per Wellvolume (Casing): 
Vc = 0.163 x  T(ft) x  r4inl2 
Vc=0.163 x x -  2 

v c  = gallons 

Filter Pack Volume 
Borehole Diameter (db) = ft 

Borehole Radius (rb) = ft 

Depth to Top of Filter Pack (D3 = ft 

Figure 5 

P = estimated porosity of filter pack 

Height of Water in Filter Pack @=) 
TF = TD - WL1(or T*) 

TF = 
TF = ft 

Gallons of Water per Filter Packvolume 
VF = (0.163 x  rb2 - 0.163 x  r:) x  TF x P 

Total Volume Purged: Design = gallons 
Actual = gallons 

Water Quality: Spec. Conduct 
rn (umhos/cm) Ternv. ("C) Eh (mv) D.O. ( d l  

Initial 
Volume 1 
Volume 2 
Volume 3 
Volume 4 
Volume 5 

Purge Method: - SuctionPump - Submersible Pump - Bailer - Other 

FmGSampler(s)  Present: 
1. From Top of Inner Casing 
2. Top of Filter Pack - used if entire filter pack saturated 
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+EPA 4 Ground Water Issue 
DENSE NONAQUEOUS PHASE LIQUIDS 
Smtt 6. Hullng* and James W. Weaver 

The Regional S rfund Ground Waler F m  k a group d 
EPA ptdessiona "r representing EPA's Regions! Superfund 
W&s,aommind lo the identifiication and the r.rolulh of 
ground wider issvk knpaaing tho remodiatim of Superfund 
sites. The h u m  is suppond by and r d v i  the Superfund 
Technical Suppod Projoc!. Dense nonaqueout phase liquids k 
an irrw i den t i f i  by the Forum as 8 a m a m  of Superfund 
d+i-makers. For lurlher information m n t d  Scan G.. 
H u l i i  (FTS:743-2313). Jim Weaver (FTS:743-2420). w 
Randall R Ross (nS:  743-2355). 

Dense nonaqueous phase Mu*& [DNAPb) are prom d 
numerous. hazardoris wasle riles and a n  r u s ~ e d  lo exist d 

p p y  pore. Due to the numerous variables influendng DNAPL 
sporl and fate in the urbsudalace. 8nd qnsequenlly. the 

ensuing camQlexiry. DNAPLs are lamelv unde-d and l[el 
I r e  likely& be a sionificarrl limilina facror in site remediala. 
This issue paper k r Meraure evaluation focusing on 0NAPl.s 
mnd provides +n overview from 8 conoeptud fala ind l ramprl  
poinl d view, DNAPL phase dislribulbn. miloring, ~ i t e  
characterization. romedidion. and mode-. - 

A non8quwm phasa liquid (NAPL) is a term used to descrbe 
the physical and chemical differences between a hydrocarbon. 
liquid and wafer which resuh in 8 physical inledace between a 
mixture of the two liquids. The Lderlace k 8 phyricll dividing 
rvrIace between the bulk phases d the twe liquids, bul 
mpounds lound in tho NAPL u e  no1 prevented from 
WubiGzing into the ground water. ImrnkibCny k typiaRy 
determinod b r d  on ih. vbuJ ebtervalbn d a physical 
hlerfam in a water- hydrocarbon mixture. There are nurnerws 
methods. however, which are usod lo quantity the hid and 
*mica! ptopellies d ttydr#ubon liquids (31). 

Honaqrnour phase liquids have typicany been d i i  into two 
)enen1 cdegofios. den- and Gght Th.qlemrs desabe the 
rQeciri grwily, or the wegM d the nowaqueous phase liquid 
& l i v e  to waler. Correspondingly. the denso normquoour 

phau liquids haw a qdii gmvlty greater than water, and 
tho IQM m q u e o u s  phur liquids (LNAPL) h.w a qmdii 
graVayiessthmw8&r. 

Seven1 of the mo;! common oompoonds . tw;tred wlth 
ONAPb bund d Svporiurtd shes are included in Tabla 1. 
These cornpouris are r putid M d r larger M id.nl$id by a 
ndional sueening of the mod ptwabnt aompounds fwnd al 
Sugertund she (65). The general chemical categories .r. 
habgenat.d/iron-hakgonated wrn-~bs and hd0~0cui.d 
vdaliles. These oompounds are typically found in the klbwing 
waslet and wadeproducing processes: sohnls. wwd . 
preserving wastes (aeosne, pentachbrophenol). d tars. 
and pedicides. The mori. frequentty ciled group of thore 
mniaminmts bo date urn the dJorinated cokents. 

DNAPL lransp6rl and Fate - Conceptual Approach 

Fde md t n n m  d DNAPb in tho s u b s d ~  will be 
proseirted fmm a comeptual point d view. Figures h v e  been 
selecled for various spill scenarios w h ' i  BlIKfrate ¶he gonod 
behavior of ,DNAPL in Eht svbrurlace. Following the 
conceptual =roach, dulailed information mi be presented 
axplaining the spci f i i  mechanisms, procoses. d variables 
* m i  Wkencs DNAPL M e  and transport. This k b d e s  . 
DNAPL &araderisfics. subsurlaoe media charaderistics, and 
sduratbn dependent ~ l e n .  

Fpuro 1 ' d i e s  the general wnario d a release of DNAPL 
into thm roil which subsequently miprates verliully under both 
Uw foms d gnvlly and coil capilhrhy. Soil capillarity ib also 
nsponsiMe for the hleral migralbn d DNAPL A pinS ir 
m 6 e d  d which ¶he DPJAPL no bnger holds wether u 8 
aonlinuous phase, bvl ralher is present as isohled residual 
gbbules. The fradbn d the hydrocabn thal is rotrind by 
crrpiJhy fom in the potour m d i i  k r d e n d  lo u nsidual 

Suporfund Tuhnology Support 
mou,wat* 

for 



Tab& 1- Mod pnvrknt th.rn1t.l ampound8 at U.S. Supdud me8 (65) wtth .p.dflc gmvtty 
gre8i.c than on. 

1.006 d.OE+Ol 158E-C13 6 €41 
0.997 1.0 E m  1.88 9.6 E-01 

4s €41 3.4 €94 4.06E-W 
2 7  €43 3.4 €04 4.05 E06 
12 EQZ 2.0 €04 7.71 €95 

0.69 6.6 EQZ 22 E44 1 E05 
1 b6 E-01 9.7 E46 1.78 EO7 
1.0 €4 
1A E 4 l  28 E46 1.1 E04 

Chbrokroono 
12-Diiloprcpm 
'I .l-Dichbroethane 
' I . l - D i i t h y b n  
129iehbtwthno 
Tsars-1 ~-Di i lorpelhy l .~  
Cis-1 2-Diiroethybne 
1 .I ,1 -Tridrbroetharie 
Methylem Chbride 
1.12-TrichbroeUaaw 
Tlichloroeth ybne 
chbdonn 
Carbon Tetnchbride 
1 .I 22-T etrachloroethano 
Telrachbtwthybne . . 
mvlem - 

5.06 E-02 
4.7 E-05 
3 5  E-04 
25 € 4 6  
3.8 EOS 
7.0 E07 
127  E-Q3 
4 5  E06 
7.65 € 6  
12 E43 
3.38 E 6  
7.33 E98 
6 5  €06 
12 EOS 
1.05 EQ6 
6.45 E-10 

Goal Tn 
Cteotate 
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-ir (101.r to Fgwe 12). b t e n l  migration m u r s  unta 
m b r  U u  risidual saturation depldes the DNAPL or an 
hrpemrbk deprtsbn immok?~os the DNAPL in 8 reservoir 
type smnrtb. Sobbb+aso aompononls d tho DNAPL will 
Qutilbn into the ground watu from bath the rosidual saturation 
or DNAPL pools, Th. migration d DNAPL vorlicafly though 
dw q u k r  rosub in the release of solubte-phase compneqts 
d the DNAPL .cross the entire thidtness of the aquifer. Note, 
thtr ground vvder becomes amtaminaled as & flours th-h. 
Md mund, the DNAPL aorrllm-ba!ed zone. 

As W ~ e d  marlier. DNAPL wid mgrale laletally upn 
rrachhg 8 rtraigraphic unit of bwer permerbility. Transport d 
ONAPL win thorqlore be largely depended on the gradient of. 
Um dniigraphy. Oa;asiodly, ,*e direclional gradient ad an 
bnpekabb stratigraphic unll may be differenl than tho 
#imUion of ground-wahr (bw m' illurtrated in Fqure 13a This 
rruy ma& in the migraiion of the aontinuous phasa DNAPL in 

diiedion different from the ground-waler fkw. Nonhorioontal 
stratigraphic units wilh varying hydrauk conduclivii may also 
a#wey DNAPL in 8 diierenl direclion than gmund-watw fbw, 
ud d diierent rates (refer to Figure 13b). Detennina!im d Uu 
dw.dion, impermeable stratigraphic u n b  will therefore 
provide m f u l  informatbn wnceming lhe dii.dion d DNAPL 
b- 

Rgum 12 P u & d  ud krg DNAPL rrunobr. 

* 

Similar to th. untatunted zone. the d u r a t e d  z c m  Jso 
ambins a mmplex d i r t rbu l i i  of prefererdial pathways tram 
cndcs. tracluros. j o i .  rtc. DNAPL inlroducod into such 
formations wnespond'ityfdbw the ewnplex n e w  of 
pathways through an otherwise rehtively impermeable r#k 
merial. OLhor pathways M i  m y  behave at vertierl 
amduits tor DNAPL include roof M s .  stratigraphic windom, 
d i i s a l  web, unsealed gootechnical boreholes. W r t y  
sealed hydrogeological investi~ation sampling holes and 
monitoring welts, a d  dd uncased/unseabd water suppIy wells m). Trantpofl of the DNAPL m y  *rate very rtpidty in these 
open conduits or fdbw Darcian f b w  in tho s u m u d i  porous 
media or prous n ~ d i  f i  f ~ u r e s .  A n h t y  s d  9 
v d u m  of DNAPL can move deep into 8 fndurod synem dw 
b the b w  retentive capadty d the frrctured tyrtem. 
Consequently. fndured clay or rock s ! n l i g ~ c  untlt. which 
are &en aonsiderd bwer DNAPL bunday  mnditbns. may 
have preferential pathways bmding to bwer formdions, as - .  
depiaed in Fqure 14. Careful inspection d roil wres II one 
Superfund sire i nd i i ed  that DNAPL fbw mainly m o d  
through preferential pathways and was not unilormly 
diribuled throughoul Me soil matt  (8). Due to the complex 

Flgurm t k  Stntlgnphlc gndknt blffermt from ground maw 
gradlent rrrult. ln r dltlennt dlrocktm of now of th. 

- 

ground mta and wntlnuour phoo DNAPL 



didrbulbn .of p tenn t i a l  pathways. duru=lerizdion of tho 
vdum diiribuliorr of tho DNAPL is d f f i h .  

important DNAPL Transport and Fate PafafnelerS 

Then am smvenl charaderirticr associated with both the 
r d s u d w  media and the DNAPL *mid largely determine tho 

Ae and transport d the DNAPL A brief d i i s s b n  of these 
amales is induded to help identify the specific dofaits of 

_ .UPL tnnspon mechanisms. Several ol the distinctive 
DNAPL phenomena observed on the field-sclle relates bads to 
phenomena d the poresale. fherdore, il is imporhnt to 
undenbnd the principles from the pore-sab bvel to devobp 
an understanding of fiiield-scale otrservltions. w)rich k lhe scale 
.t which much of the Superfund wo& anrs in. A more 

- m q k t e  and oomprehensiw review ol these paramelerr k 
8vaiWe @,36.71). 

DNAPL ~ c t e m ~ c s  

awrY 
Fluid denshy k defined u the mass d fkrd pot unit volvmo. 
Le. m'. Density ad an immitcibb hydmcartan fluid ir the 
puamder which delineaes LNAPL's from DNAPL'r. Tho 
properly v8ri.s not only with molecular weight bui a b  
r n o h l a r  intendion and rtndure. In general. tha derdty 
wiss wih tempemure d pressure (2). Equinbnl methods 
of expmssing density ve weigh( d rpedlic gravity. 
Tha W c  weight k defined u the weight of fluid per urrll 
volume, Le. W. The fPOdlic gr&y (S.G.) or tha nlatii 
donsilyd afluidk defined astho rrtbalthe migM dagken  
volume of subslance d 8 $pdied lemperdwe to th. weight 
of the same volume d mler  at a gwen temperalure (31). The 
S.G. k a rmMiw i n d i i r  w h i i  ullimatefy determiner uhather 
lho fluid will fbat (S.G.c 1 .O) on. or penotrde into (S.GA.0) 
the wdmr table. Table 1 mntu'ns a list d mmpounds w?fh a 
denshy greater than one that are consid4red ONAPL's. We.  
however, that whib the sp#Kc gravity of pentathbmphonol 
and the non-habgenrted =mi-vola!iis is greater than 1.00. 
these compounds are a wrd d t e ~ r a t u n  and would 
not be expeded to be found u m i m r n W e  phase liquid at 
wood pebrving shes bul u e  aornmonty found u e o d  
mb. Perd~hbrophenol is commonly used u a wood 
perenant d k IpkalIy d i d  (4%) h No. 2 or 3 twl 
oil. 

The visashy d a fluid k a measure of its resistance lo fbw. 
Molearbr whesbn k the mdln caa'e d vixosi. As the 
lemperalun increases in a liquid, the wheswe forces 
decrease and the akolule vka~slty decrease. The bwar the 
viraosity. the more readily a fluid will penetrale a porous 
media The hydnuk condqivily d porous media 6 fundion 
d bath th. denslty and vircosity a( the fluid rs indicated in 
equation I!], I is apparent from this equabn that fluids wi!h 

- ' 
eilher r vkcosity bss than wder or fluids with r density grealer 
than waler have the potential lo be more mobile in the 
rubsurfa, than waler. 

K I k p g where. K - hydraulic wndudkdty (11 
P k r hrinsicpenneabiii 

p fluid mass denshy 
0 - g-vitr* 
p - dynamr: (rbsdule) W t t y  

Resub from laboratory experiments indiied that saved 
chbrinaled hydrocarbons which h e  b w  vjsasity (methylene 
chbride, perchbroethybne, 1'1.1-TCA, TCE) will infiltrale into 
soil nolably faslei than will water (47). The relalie d u e  d 
NAP1 v i s c d i  and denshy, to water. indi i tes b w  fast & will 
t b w  in porous medi  (100% t ~ l ~ d e d )  with respectto *ratrr. 
For example, several b w  viswslty chbrinaled hydr#arbont 
flE blrrhbroethylene, 1.1,l-TW Methylen Ch- 
Chbrelorm, Carbon Tetradbride, refer lo Tabla 1) wil flaw 
1.5-3.0 limes as fasl as waler and hi~her vkcosity compounds 
hdudiig fight healing oil. diesel fuel, jet fuel. mnd aude oil (La. 
LNAPL's) will fbw 2-10 limes sbwer than water (45). Both coal. 
tar and aeosote typically have a specific gravity greder thm 
one and 8 v h s i t y  greater than water. h k interesting b note 
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m b U t u d r d t a u @ 6 ) . h ~ r d n d e b t h r t r r h i l .  
tqJhy presswe k m m r e d  d hazardous waste JI.r. 
h soil tukn (sand. SO. dy) k muab naorded durirrg 
Mirq opnrions and soil sunfop. This infomutan. abrq wW 
d a r e  m a w s  win he@ to delineate the m n p h y  and 
t h ~ d i s t r k d i o n o l N A P L  

hrururdpomamdafieg=mdydtheporr~& 
iudremely irrqular and complex (2). The heterogenehy d tha 
&surf- mvironment la. the mhMity d tha poco tirr 
dbuihuii, directly affect, thr distrbutiin d th.crpUrry 
9i.rtur.s rbrq the inled-s between lho 8qwour 8nd . , 

imm*kibb phates (SO). h saturated o~lumn .xperifmnts. It 
was a n i d  tht NAPL peferenlialty t r ~ e l o d  through rtrirrgs 
d mmoporef, ahiotl ~ u n ~ b t e t y  bypauing tho wtler Wed 
mbopores (66). h the rrrrw study. a heteqonaouf 
& s l M i  ol mami ud f i i  porous malerial sirnulaled. 
lkst d the imming organic liquid preferenthlty tnvebd 
Umughthe a m m  bns nderi.l 

h m lam! Edumn dla-hafp e x p i m ~ .  nurhr 
IMtheparl ideg~minckekof~aryhfmftmain 
mWpffing tho residual duration of a ga+dinr hydracuban 
(19). Fe and m r s e  sands (dry) were found to h.v, 55% and 
14% residual atuntion. respsdively.The f i r  OH sand, he 
pater  Ehe midual szturatbn. Duting'thete experiments, lho 
residual saturalion was r e d u d  20-3W'X in r medium sad and 
60% in a fm sand when the sands wore inaiaRy wet Soil pore 
nlerhddlighttybycapJhrybreesinthemdl s t h &  
he lUR a t h  larger pores. and &us, r a l m  in c r  nsidual 
udufttbn. tn a similar bboratory (unsa1urd.d) mkmn sludy. 
h. sma&r the grain sue used in the experiment, he greater 
h. residual saturatbn of the NAPL (74). The residuat 
atwalbn in the raluroted adumn experiments was found b- 
w grealer than lho msaturrled mlumns and was -pendent 
I f t h e p a r t i E l e S i z e ~ ~  

bu cbsamtionr tolbwlradiibnal capillary fom thy. 
b i d u J  saturation reurtling from a DNAPL spill in he 
a ~ t u r d e d  zone b hghly dependerd on the ardacedmt 
nokture eonlent in the porous madii When the moistwe 
Merit b bw. the strong capiaay forces in the smabr pore 
A bnacious~ dmw in and hold the DNAPL When the 
a w e  a~nlent k high the c a p b y  forces in ttn smdlor 
oras w9 retain the soil poco water. Md ONAPL m i d d  
antntm will mainly oacus h the larger pores. Ttwrdore. 
mrder d u d  Wralion canbe expected in dryer +db 
;wr.spondiily, NAPL will migde furlher in a wetler dl, md 
'Irphoomera of NAPL from s d  pores is up#led to b mom 
C d  fh8n from Jargo p m %  

lNAK migrating vertiunywUl bkely enaiunler a r o n  w 
Wigrapttic ynk of b w u  verlicaf permeabii. A duetion h 
w verlical p e m a b i i  of the porous media mi indm I d a d  
w d the DNAPL The gradient of the bwer permeable 
tdpphic unil wiP brgety determine the diiedion in w t k h  
w DNAPL will fbw. This b appriMe to both the satunted 
rd unsaturaled zones. As depided in F~ures 13a and 1%. 
rn Moral diredion of DNAPL flow may k in a diffenru 
i r d m  than grounbwder tbw, 

l h ~   round water flow v.kdry k 8 dyl).mic stress parameter rClr, 

which tends to mobilbe the hydrocubon (39). ks tho ground 
rnbdty heases, lho dynamic pmsura and 

tomas increate. M o b i i i n  d ONAPL ocanr when lho 
visam.torcos d the gmund wtler .ding on the DNAPL 
axceeds the porous mi apiiluy - miailling thr 
ONAPL 

Residu J utuntion k d e f d  rr th. voIuma d hydrocubon 
b..pped hlhoporos nb!ivetoth.tdJvdomodpom (38) 
ud lhorefore k measured u such (74). Residual satuntion 
hasrbheendetcrbedulhoutwdiondwhidtNAPL 
b m o s  dirdinuous and is hmobilbod by apillrry forert 
(36). The values of residual rtturdion vuy from u bw rs 0.75 - 125% tor lighl oil in hghly perme& media to u much u 
20% for heavy oil (SO). Residual sa!unti wdws have .ko 
beenreporlodtormgefrom lWbSO%dtheWpon  
s p a  (39,741. Other r.=eadms nporled dha rmsidurf 
r i funtbn dues appear to be rolaliiely insonsithe b auid 
p ~ o p e r l i ~  and very wnsiliv, to mi pmperties (md 
heterogeneltios) (66). Labtotory dudiis oondudod to predii 
th. residual crtu@on in mils w&h sbnihr torlure and grain 
ske diiribvtbn yielded s i g n C i  d i r e r d  values. I was 
a d d e d  that minor amounts of day or sill in 8 soil may Qlay 
8 signifin1 role in the &served vaJues. 

h the unsrdurated rone during b w  moisture mndllions, tha A 
DNAPL residual ratutdh will wet th. grains in pendvht 
+lde (a ring d liquid mapped wound the mntld point d a 
pair of rdja~ent grains). During w h  moisture M i n s .  the 
wetling Wd, whieh k typtupr;alty wa!er. will pel.ren!ially # # r ~  
the pendulu area of adjacent grains and ttm hydmcarbon will r , 

other milable pore space. pssibly u Mated 
droplets. In the auraled zone, the DNAPL residual uturdbn 
will be wesen1 u isolated dmos in the ooen mres (47). 
~r r r~~. imore .  nsults d Iaboraioy am&&ion & i e d  
that residual saluralbn inaeased with deaeasiw hydraulic 
d u d i v i t y  in both the s8!uraed and unWunlid rbnes a d  
thrt the ntkkal saturation k greaietl in the $dunled ooru. 
laboratory uperiments indicated Ihd W e  zone nridurt 
rrfumion was roughly one third d the residual tr twdon h 
the' ratunted zme (66). fhe increase in nsidud satutrtion h 
th. saturaled zone is due to tho fdbwing: [l] the fluid densky 
Rtb (DNAPLSr versus DNAPLWer above vrd b b w  tha 
waler W. nspedhmly) bvm gnater dtainage h ttn v a b  

. z m ;  f2] 8s the nomiteEling fluid in rims! saturrted m d i  
NAP1 is tnp9.d in the larger pores; and. f3) u tha wetting 
&rid in the v h e  zone, NAP1 tends to spread irrlo odjacal 
pores ud btvo a bwer residual conten1 behind. a pcmss 
thal is i n h i i d  in the saturged zone (36). Thus, the apacity 
b r  rotentan of DNAPLt in the unrdunted xme h ht ttun 
th. satumed t#w. 

ReMive permesbiliiy is defined u the rdio d the permeability 
of 8 fluid al r given sdutotion to Ls permeability d 100% 
rrfuntion. Thus 1 a n  have r value between 0 and 1 (71). 



F~ur 16 grrstrd.s a tWi pemurMBty gmph for a two Wd 
pbsa cyaorn s b h g  W rehlbnthp b o w n  the o h w d  
~ d o a c h f l u i d f o r n r i a u , u t u r d ~ l o t h t l d t h e  

,rued pennerbay i the ample won 100% satwaled w#h 
t~ wi  (73). Th. three regions d this ~nph u e  oxpiahad = 

( 7 1 ~  Region Ihr a high u tun t iond  DNAPLMdk 
m i d e d  a wntinmus p h r u  whib U u  mtet  is a 
~ r d i w a s  phase. fh.rd;~e. mter  penlbdil i i  C bw. 
&sumirg thr DNAPL is the non-wtlirq fluid. water muid fiQ 
th. m a b r  e a p c i s  8nd Ibw t h r o ~ h  smdl 'imgub pres. h 
R.gbn I& M h  H e r  and DNAPL an aontinw phases 
JlhouOh not neoesssri)y h th. same pores. Bdh -rand 

NAPL fktw simullaneousty. However, u saturalion of either 
ptiase irqreases. the reldive permeability of the other phase 
~wrespondingfy decreases. Region Ill exhibits a high 
saturation of water white the DNAPL phase is mainJy 
d i i n t i nuok .  Waler l b w  dominales this region and there is 
hlk or no fbw d DNAPL 

B d h  fluids flow lhrough on3.a pan d the pore and thus 
onfy a pan 01 the cmss soclion under consideration is &4We 
for fbw of aach fluid. Therefon. ?he discharge of each fldd 
mud be bwer oorrespondii lo & pfaporbn of lhe trou 
&nrl uu (46). 

Fgm 17 k ulothet nlative permeability graph which 
demonsiridas several points. Small increases in DNAPL 
muration results in a sQnifiint rdudion in the nLtive 
permeability d wnlor. However, a small increase in mer 
Muralion does no! nsull in a signllican! redudion in DNAPL 
nlatiie pemabli. This Cgure idenlUis two pointt, SO1 d 
502 where the cafwalion of the DNAPL and the waler am 
prealer than 0 before there is a relative permeabibfy brthis 
Wi. Tho two fluids h i i r  the movement of t k  other lo 
di i renl  degrees and both murl reach a minimum saurrtion 
before3 hey rchieve any mobility at a11 (47). These minimum 
rgseytbns. for the water and DNAPL u e  ident i r i  u 
t: f i e  and residual saturdion. resqebively. 

'I 

0 1 war s m m  lrom 
toox) ,,, 

mum g7. The tJldw pwmoabmty o u n r  for mtu and 
ONAPL h r p o ~  mdJum u r fundon of Uu porn 
8p8oentur8~  

Chardetbakm of the subsurlam mnvironrrwfit 8l kudous 
mule shes o~ntaining DNAR k complex and wiIl Ikety be 
eqmnsive. WG details assodated with the mlume ud 
timing of the DNAPL release a n  usually paat or a n  not 
rvaihble Md subsurface heterogeneity k rosponde forth6 
campried and u n p r d i  migrrtian pathway d 
s b r f w  DNAPL lransporl. As d i w d  prmvbusty, rlight 
changes in venical permeabiliiy may *nducm a s ~ n i l i i n !  
M i d  mmponerd lo DWAPL migrrtiacl. 

She charadetbttion typ'catly hvokas a signirccant invettment 
h ground-water arutysas. Akhaugh mnatysii of g,mund water 
provides useful idurndion on th. ditrkn'in of the tokbk 
components d tho W P L  the presence of other d 
Uw DNAPL may go unrecognheb. The inveslgtlion mub, 
therefore. k more detailed to u r n  hfonnrlion coru*ming 
Uw phase diiribution d lhe D W L  .t 8 sJb. Silo 
chrnderizaion mry rqube 8nalyses on 80  lour phases 
(aqu90vs, gaseous. d d ,  h m i r a i )  to yield the wmpriate 
informdon (Wet to T.Mo 2). h brief, &la cdleaod on the 
wiour phasos musl k Eomplled. mvafuslod and usdm help 
identify: *more the mntarninurt k presently W e d ;  where It 
has been; what phases h oasa in; and w tu l  d iudon the 
mobile phases may be going. A annprehensiw n v i w  d d e  
chnderbation for subsurlaa investgdioru is miable (68). 
.beveb~menl of monhorinp and remediiion ttntwies can be 
based more efledively akd eK&ntly h e r  a do; dehilon 
of the phase d i n  has been aompbtd. 

Grwnd Water 

Ground water anafyses for organic compounds, h mnjundbn 
wllh ground water f b w  diuedion data. has repeatedty been 
used to: delinoale the oxlent of gmund waler wntaminatiwr 
from DNAPL; determine the diredion of plume migration; and 
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