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1.0 INTRODUCTION

This work plan has been prepared under the Comprehensive Long-Term Environmental Action Navy

(CLEAN) Contract No. N62467-94-D-0888, Contract Task Order (eTO) 842. A Focused Site Inspection

(SI) work plan for the Surface Warfare Officers School (SWOS) site, located at Naval Station Newport

(NAVSTA Newport) in Middletown, Rhode Island is to be completed by Tetra Tech NUS, Inc. (TtNUS) on

behalf of the Navy. This work plan outlines the requirements and describes the procedures for

performing investigations at this site.

The purpose of this work plan is to describe the investigation necessary to characterize the nature of

environmental contamination at the SWOS site in order to prepare a Focused 51 report in accordance

with the Federal Facilities Interagency Agreement (FFA) between the United States Environmental

Protection Agency (USEPA), the Rhode Island Department of Environmental Management (RIDEM), and

the U.S. Navy for CERCLA Sites at NAVSTA Newport. Response action requirements under the

Department of Defense Installation Restoration Program (IRP) at NAVSTA Newport are outlined in the

FFA.

1.1 SITE-SPECIFIC INVESTIGATION OBJECTIVES

The project objective will address the nature of contaminants present on the SWOS site, as well as, a

possible relationship of this site to the adjacent Old Fire Fighting Training Area (OFFTA) site (Site 09).

Specifically, the Focused SI will assess the presence of contamination in soils and groundwater through

a focused investigation program.

The nature of the contamination at the SWOS site will be evaluated by comparing chemical data to

pertinept state and federal criteria as well as the background data set established for the OFFTA site. In

addition, a preliminary data assessment will be performed as is consistent with the scope of the Focused

SI.

The Focused SI activities will include file reviews, background information research (aerial photographs,

land use records, etc.), a site reconnaissance survey, advancement of soil borings and installation of

micro wells, soil and groundwater sampling, laboratory analysis, surveying, and investigative derived

waste removal. Details of these activities are provided in Section 3.0.

The scope of work for the SWOS Focused SI was developed based on information collected in support

of the Phase I Environmental Site Assessment (TtNUS, 2001) and the Final Report and Risk Assessment

for Workers Exposure at the SWOS Site (Foster Wheeler Environmental Corporation, 2003). Oily soils

W5204306DF 1-1 CT0842
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were encountered on the SWOS site during construction of the SWOS Applied Instruction BUilding. This

investigation is intended to document the presence of, and potential for, environmental contamination.

Data will be collected and may be used in a risk assessment in the future if deemed necessary. The

findings of this Focused Sl will determine if subsequent investigations or removal actions are necessary.

The findings may be used in accordance with a subsequent Remedial Investigation, if one is deemed

necessary, to evaluate remedial actions at the site through the performance of a feasibility study.

The objectives of this Focused SI are described in detail through the formulation of data quality

objectives in Section 2.6 of this work plan.

1.2 PROJECT ORGANIZATION AND RESPONSIBILITIES

TtNUS will be responsible for the overall management of the project, including the performance of field

activities presented in this work plan.

NAVFAC personnel will be responsible for administrative and technical oversight of the program, project

management and coordination between state or federal regulatory agencies, while the NAVSTA Newport

on-site representative will be responsible for on-site coordination with TtNUS.

Key Navy personnel supporting this project are as follows:

• Curtis Frye, P.E., RPM

EFANE,NAVFAC

• Cornelia Mueller, Facility Contact

NAVSTA, Public Works Department Environmental

Key TtNUS personnel supporting this project are as follows:

Tetra Tech NUS, Inc., Wilmington, MA

Phone: (978) 658-7899

FAX: (978) 658-7870

• Stephen Parker, L.S.P.

Project Manager

W5204306DF 1-2 CT0842
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• Cynthia Woods

Human Health Risk Assessment

Tetra Tech NUS, Inc., Pittsburgh, PA

Phone: (412) 921-70~0

FAX: (412) 921-4040

• Matt Soltis

TtNUS CLEAN Program Health and Safety Manager

• Paul Frank

TtNUS CLEAN Program Quality Assurance Manager

• Kelly Carper

TtNUS CLEAN Lead Chemist

The TtNUS Project Manager (PM) will have the primary responsibility for implementing and managing

the Focused SI. The TtNUS Project Manager will also be responsible for notifying regulatory agencies of

field activities or schedule modifications. A Field Operations Leader (FOL) and lead technical staff will

be appointed to support the PM.

The CLEAN Health and Safety Manager is responsible for reviewing health and safety plans for all

CLEAN operations, and performs site audits to ensure compliance with site health and safety

requirements.

The Quality Assurance Manager is responsible for QAlQC requirements for the TtNUS CLEAN program.

This individual reviews data and deliverable documents, and performs system audits to ensure contract

OAlOC goals are met.

The Lead Chemist will advise the PM on technical requirements of the data and sample collection

efforts. This individual will also assume a second role as site OAlQC officer.

A Lead Geologist will be appointed to direct technical work relating to the geologic and hydrogeologic

Investigations. The Lead Geologist will advise the PM on technical requirements relating to these tasks.

Direction of certain subcontractors may be delegated from the FOL to the Lead Geologist (Le. drilling).

This individual will also coordinate the efforts of the field geologists with the FOL and the Project

Manager to ensure the goals of the task are met.

W5204306DF 1-3 CT0842
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The FOL will be responsible for directing on-site field activities and will report directly to the PM. The

FOL will coordinate efforts of the field sampling staff, the subcontractors, and the lead technical staff.

The FOL will be responsible for identifying problem areas and bringing them to the attention of the PM

for resolution.

A Site Safety Officer (SSO) will be designated prior to field activities and will be responsible for the

adherence to all health and safety requirements. The SSO reports directly to the CLEAN Health and

Safety Manager and the PM.

The Lead Risk Assessment personnel will be responsible for reviewing the sampling program to ensure it

is adequate to meet the objectives of the study, for assimilation of the data into a format that is

amenable to the manipulations that are required for risk evaluation, and for the performance of the risk

evaluations.

In addition to the above personnel, TtNUS program personnel will provide overall support in

subcontracting, cost tracking, progress reporting, and supervising the project manager. The program

personnel include the following:

John Trepanowski, P.E.

Program Manager

Garth Glen

Deputy Program Manager

Tetra Tech NUS, Inc., King of Prussia, PA

Phone: (610) 491-9688

Fax: (610) 491-9647

1.3 PROJECT DELIVERABLES

Project deliverables submitted during this project will include:

Internal Draft, Draft, Draft Final, and Final Work Plan for review

Internal Draft, Draft, Draft Final, and Final Focused SI report.

A detailed description of the Focused SI report is presented in Section 5.0 of this work plan.

W5204306DF 1-4 eTO 842
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1
Section 1.0, Introduction, of this work plan contains the site-specific investigation objectives, project and

work plan objectives, and schedule.

Section 2.0, Background Information, describes the history of the site and the findings of previous

investigations of both the site and the surrounding areas of possible concern.

Section 3.0, Field Investigation and Sampling, presents the field work required for this investigation.

Tasks are listed in chronological order of execution. Sample collection procedures and analytical

parameters are also described in this section.

Section 4.0, Quality Assurance/Quality Control, presents the Quality Assurance Plan for the Focused SI.

This plan describes the QAlQC sample collection procedures and frequencies, data quality protocols,

and analytical data validation requirements.

Section 5.0, Reporting, presents a brief description of the Focused Sl report and data assessment that

will be prepared following completion of all the field work described in Section 3.0 of this work plan.

Section 6.0 lists the references used in this work plan.

A site-specific Health and Safety Plan is attached as Appendix A. Appendix B presents Standard

Operating Procedures (SOPs) for the field investigation work. Appendix C contains samples of forms to

be used for documentation during this investigation.

1.5 CHANGES TO THE WORK PLAN

If, during the field investigation, the plan for collection of data needs to be altered, the work plan may be

amended through the use of a Field Modification Request (FMR). This form will be prepared by the

TtNUS FOL and forwarded to the TtNUS PM. The TtNUS PM makes a recommendation to the Navy

RPM. who (if necessary) will forward the FMR to the regulatory oversight RPMs. Time limits on

acceptance of, or comment to, the field modification requests will be stated. An example of this form is

presented in Appendix C.

W5204306DF 1-5 eTO 842
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A schedule for field investigations has not been prepared at this time. However, several activities may

warrant regulatory oversight. A schedule will be prepared and submitted to the USEPA and RIDEM upon

development of a cost/schedule proposal to perform the field work. This schedule will be updated as

necessary to inform oversight personnel when different tasks and activities are scheduled to occur.

Field sampling is planned to occur in a single phase effort. Any changes in the number or location of

proposed soil borings or monitoring wells will be discussed with RIDEM and USEPA prior to initiation of

the associated phase of fieldwork.

A 24-hour advance notification of changes in scheduled field activities will be given to the regulatory

agencies.
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2.0 BACKGROUND INFORMATION

The information provided in this section and some of Section 3.0 has been adapted from the Final

Report and Risk Assessment for Worker Exposure at the SWOS Site (Foster Wheeler Environmental

Corporation, 2003), Phase I Environmental Site Assessment for SWOS Building Site (TtNUS, 2001) and

the Final Initial Assessment Study report (Envirodyne, 1983).

2.1 SITE LOCATION

NAVSTA Newport is located approximately 25 miles south of Providence, Rhode Island. Portions of the

facility are located within the City of Newport and the Towns of Middletown and Portsmouth, Rhode

Island. The facility occupies approximately 1,063 acres and the layout is long and narrow, following the

western shoreline of Aquidneck Island for nearly 6 miles facing the east passage of Narragansett Bay.

The Surface Warfare Officers School (SWOS) site (the site) is located on the northwestern end of

Coasters Harbor Island at NAVSTA Newport. On Figure 2-1, the SWOS site is depicted in relation to the

geographical extent of NAVSTA Newport. The location of the SWOS site, relative to other study areas

within NAVSTA Newport, is shown on Figure 2-2. A map of Coasters Harbor Island showing the site

location is provided on Figure 2-3.

As depicted on Figure 2-3, just north of the site is Taylor Drive and the Old Fire Fighting Training Area

(OFFTA) site (Site 09). West of the site is Warfare Road, several buildings that make up the SWOS

campus, and Narragansett Bay. South of the site is an open grass covered area, an asphalt parking lot

and a number of buildings which comprise the Naval War College. The tennis courts and a gymnasium

(Building 109) are located east of the site.

2.2 SITE DESCRIPTION

The site is the location of the former Brig facility at NAVSTA Newport. The building served as the

correctional center (Brig facility) from its construction in 1951 until its demolition in 1996. When it was in

use it was listed as Building 149 on NETC Plan No. 31490-311 prepared by Ames and Whitaker

Architects (Ames and Whitaker, 1996).

W5204306DF 2-1 CT0842
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The site occupies approximately 90,000 square fee~. The majority of the site is currently covered either

by the SWOS Applied Instruction Building or asphalt paved parking. The SWOS Applied Instruction

Building was constructed on site in 2003 and presently occupies an estimated 28,600 square feet, in the

southwest corner of the site, adjacent to Warfare Road. Asphalt paved parking areas border the building

to the north and east.

2.3 PREVIOUS SITE INVESTIGATIONS AND HISTORY

To date a limited investigation of the site has occurred. A Phase I Environmental Site Assessment for

the SWOS Building Site was conducted in July 2001 (TtNUS,2001). The Brig facility, referred to as the

Correctional Center was previously located on the site as identified in the Final Initial Assessment Study

(lAS) report (Envirodyne, 1983). The site was not reviewed under the lAS.

Aerial photographs of the site dating from 1944, 1951, 1962, 1992, 1996 and 1997 were reviewed.

Figures 2-4, 2-5 and 2-6 present aerial photographs of the site in 1944, 1962 and 1996, respectively.

The following is a summary of site observations obtained from the review of the aerial photographs.

The 1944 aerial photographs do not indicate evidence of activity in the vicinity of the site. The site is an

open, partially grassy area with no trees or shrubbery present. The adjacent properties are developed

and the roads are not paved.

Architectural plans show a facility, the Brig facility built in 1951 (TtNUS,2001). As of October 1951 the

facility was not present in the aerial photograph. The site was a vacant lot but shadowed areas adjacent

to Warfare Road may indicate construction activity.

The facility is present in the 1962 photograph. The building takes up the majority of the site area. A

paved parking lot is located directly east and another directly south of the building. Buildings border the

site to the southeast and west. Structures are present at the OFFTA, north of the SWOS site.

The 1992 and 1996 aerial photographs do not indicate any significant change to the development of the

SWOS site. The Brig facility is present. New building structures, parking lots and grassy areas adjacent

to the site that were not present in the 1962 photograph are present in each of the 1992 and 1996

photographs. A new facility (Building 1164 and Building 446) and a paved parking lot border the site to

the west. A paved parking lot borders the site to the south. A grass area borders the site to the east and

according to the 1996 aerial photograph, the main structures at OFFTA have been removed and the site

developed into a recreational area.
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Th Brig facility is no longer present in the 1997 aerial photograph. The lot is undeveloped and appears

to have been I veled. There is no evidence of grass or other vegetation.

In summary, aerial photography confirms that prior to 1951, the site was undeveloped. Until its

demolition in 1996/1997, the Brig facility was the primary structure on the site. Activities on the site

appear to have been limited to the facility, and no connection to contamination at the OFFTA site was

evident in the aerial photographs. The development of surrounding areas to the SWOS site are evident.

Historic observations do not indicate evidence of activities that may have caused potential site

contamination. Current site conditions are not represented in an available aerial photograph.

2.4 GEOLOGY AND HYDROGEOLOGY

This section presents a summary of the regional and site geologic and hydrogeologic features. This

information is based on data from previously published literature and reports of other contractors.

2.4.1 Regional Geology

The NAVSTA Newport site is located at the southeastern end of the Narragansett Basin. The rocks of

the Narragansett Basin are non-marine sedimentary rocks of Pennsylvanian age. The bedrock at the

NAVSTA Newport facility is almost entirely of the Rhode Island Formation. A few areas of thick
,

conglomerates are present within the Rhode Island Formation. They consist of pebbles, cobbles, and

boulders interbedded with sandstone and graywacke. Coasters Harbor Island (Figure 2-3) is mostly

covered with this conglomerate material. Overlying the Pennsylvanian rocks of the Narragansett Basin

are surficial deposits of Pleistocene sediments. These unconsolidated, glacial sediments range in

thickness from 1 to 150 feet and consist of till, sand, gravel, and silt.

2.4.2 Regional Hydrogeology

Many areas on Aquidneck Island, on which the NAVSTA Newport is located, obtain potable water from

wells. Groundwater is obtained from the unconsolidated glacial till and outwash deposits, and from the

, underlying Pennsylvanian bedrock. The average depth to groundwater is 14 feet. In the NAVSTA

Newport area, glacial till deposits are typically less than 20 feet thick. Well yields in these materials

range from 1 to 120 gallons per minute. Although till is considered an unconsolidated deposit, the upper

limit of this well yield is likely from an outwash deposit that is well sorted and stratified. Till wells typically

yield a few hundred gallons of water per day, or less than 1 gallon per minute. Bedrock well yields range

from less than 1 to as much as 55 gallons per minute and are highly dependent on the presence of joints
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and fractures. Most groundwater is soft or moderately hard. In scattered locations, pumping has led to

salt water intrusion.

In the vicinity of NAVSTA Newport, groundwater flows generally from east to west, toward Narragansett

Bay. The average depth to groundwater ranges between five and twenty feet below ground surface.

Area Water Use

Public water in the City of Newport and the town of Middletown is supplied and managed by the Newport

Water Department. The Town of Ports~outh purchases water from the Newport Water Department, but

operates its own distribution system. Approximately two-thirds of Portsmouth is serviced by pUblic water

while the remaining one-third is supplied by water from private wells. The majority of private wells are

reportedly located on the eastern portion of Aquidneck Island.

The Newport Water Department receives its water supply from a series of seven surface water reservoirs

located on Aquidneck Island and two surface water reservoirs on the mainland. Each of the reservoirs is

supplied water via rainfall and runoff and is not augmented by groundwater supply wells. No surface

water reservoirs are located on or downgradient from the site.

Gr undwater Classification

RIDEM has classified groundwater in Rhode Island to protect and restore the quality of the State's

groundwater resources for use as drinking water and other beneficial uses, and to assure protection of

public health and welfare, and the environment. The groundwater at the site is classified by RIDEM as

GB. Groundwater classified as GB is not suitable for use as a current or potential source of drinking

water, as described in the Rhode Island Rules and Regulations for Groundwater Quality (RIDEM, 1996).

2.4.3 Site Geology and Hydrogeology

In preparation for the construction of the Brig facility, five pre-construction borings were advanced in

1951 at various locations at the site. The site's surficial geology reportedly consists of stratified layers of

sand and gravel fill, "hard sand and gravel", "hard cemented sand and gravel", and shale. The thickness

of the overburden deposits range from about 6 to 26 feet thick. The depth to groundwater ranges from

approximately 4 to 6 feet below ground surface (NETC No. 11169-118, Cull and Robinson, 1951).

Based on geologic and hydrogeologic information attained during recent investigations at the OFFTA

site, located directly north of SWOS, unconsolidated materials on the site are anticipated to consist of fill,
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including construction debris and sand and gravel; silty sand and gravel; sand and gravel; peat and silt;

and glacial till, consisting of mixtures of silt, sand, and gravel (TtNUS, 2002).

The bedrock in this area of Coasters Harbor Island has been mapped and described as Purgatory

Conglomerate. The bedrock may contain localized units of sandstone. In addition, the conglomerate is

believed to be in contact with the Rhode Island Formation. In the southern portion of the Narragansett

Basin, such as in the vicinity of NAVSTA Newport, the Rhode Island Formation is metamorphosed and

consists of metaconglomerates and metasandstones, as well as schist, carbonaceous schist, phyllite, and

graphite (TtNUS, 2002).

Groundwater elevations measured at OFFTA indicate that the groundwater flows toward Narragansett Bay

and Coasters Harbor located north - northwest and east - northeast of the site, respectively (TtNUS,

2002). The proximity of SWOS to the OFFTA site may suggest that groundwater flow would be similar.

The depth to groundwater ranges from 4 to 6 feet below ground surface (bgs) (NETC No. 11169-118, Cull

and Robinson, 1951).

2.5 SITE WASTE CHARACTERISTICS

The Phase I Environmental Site Assessment (TtNUS, 2001) identified a number of potential hazardous

waste sources on the site. The presence of transformers historically known to be sources of

polychlorinated biphenyl (PCB) contamination, light ballasts containing PCBs, lead-based paint and

asbestos-containing materials (ACM) have been located in the vicinity of the SWOS site. However, a

review of records and a site reconnaissance suggest that these should not be considered a source of

contamination. Light ballasts, lead-based paint, and ACM were all part of the Brig building which has been

demolished, and the debris cleared from the site. The transformers identified in the Phase I ESA are not

located within current site boundaries and will not be addressed as part of this Focused SI.

During soil excavation to install subsurface utility lines in support of the construction of the SWOS Applied

Instruction Building, oily soils were discovered in areas adjacent to Taylor Drive. The type of oil found is

unknown. Soil sampling was conducted in May and July 2003 and a risk assessment performed to

'determine construction worker exposure risks during utility line installation and asphalt parking'lot

construction. All samples were analyzed for Target Analyte List (TAL) metals and Target Compound List

(TCl) constituents: volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),

pesticides, and PCBs. The analytical results were compared to RIDEM Industrial/Commercial (I/C) Direct

Exposure Criteria. One sample contained a lead concentration that exceeded the RIDEM I/C Criteria of

500 ppm and three samples contained total petroleum hydrocarbon (TPH) concentrations that exceeded

the RIOEM I/C Criteria of 2,500 ppm. The risk assessment calculated the construction worker hazard
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index (HI) to be 0.033, which is below the USEPA's Threshold HI of 1.0 and, therefore, is unlikely to be

associated with adverse health effects (Foster Wheeler Environmental Corporation, 2003). Previous test

pit and soil sample locations are shown on Figure 2-7.' A copy of the Final Report and Risk Assessment

for Worker Exposure at the SWOS site can be found in Appendix D of this work plan.

There are no records indicating that underground storage tanks (USTs) or above ground storage tanks

(ASTs) were present at the former Brig facility or of Oil and Hazardous Material (OHM) storage at the

facility. The former Brig facility was connected to the station sewer system (TtNUS, 2001). There is no

identified septic waste disposal or hazardous material disposal area on the property (TtNUS, 2001).

2.5.1 Potential Off-Site Contamination Sources

There are several potential off-site contamination sources that may represent a threat of contamination to

the site. The OFFTA site may represent a significant threat of contamination to the site due to the

proximity and nature of contamination located there. A Remedial Investigation/Feasibility Study has been

conducted at the OFFTA site (Site 09), located directly north of Taylor Drive and the SWOS site (see

Figure 2-3). Analytical results presented in the Feasibility Study for the OFFTA site indicate that SVOCs,

metals and one pesticide exceeded RIDEM Residential Direct Exposure Criteria for soil. For groundwater,

one metal and one VOC exceeded the drinking water criteria at the site (TtNUS 2002).

Elevated arsenic concentrations are present at the OFFTA site. A Background Soil Investigation

conducted for the OFFTA site states that the calculated background concentrations of arsenic at Coasters

Harbor Island are believed to be attributable to the composition of the local and regional bedrock

formations and the shallow depth to bedrock in the area (TtNUS, 2000). The potential presence of

elevated arsenic in the surface and subsurface soils at the SWOS site would likely be attributed to natural

background conditions since there has been no history of releases involving arsenic.

I

Structure 74, was a double chamber tank, presumed to have contained heating oil, located approximately

1,000 feet south of the SWOS site, along the west coast of Coasters Harbor Island (see Figure 2-3). The

type of heating oil has not been identified. Historically, Structure 74 has been identified as a

contamination source (RAB, 1999). There was a pump and treat system in place at the structure until the

removal of both the building and the structure in 2002 (RAB, 1999). Groundwater from Structure 74 is

assumed to flow directly to Narragansett Bay, making it unlikely that any contaminated groundwater from

Structure 74 would migrate to the SWOS site. The tank has been cleaned and filled with foam, and the

contamination remediated (TtNUS, 2001).

A District Public Works Office map dated December 1951, and titled "Pilot Plan and Location Plan: 75

Man Brig" (NETC No. 11169-118; Cull and Robinson, 1951), depicts two potential sources of
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contamination in the vicinity of the Brig facility. A transformer vault, labeled Building 84, was located

approximately 800 feet southwest and hydrologically upgradient of the site. An area labeled "fuel tanks'

was located approximat!3ly 400 feet directly west of the south comer of the Brig building, behind

Building 138 (see Figures 2-3 and 2-5 for approximate locations). A review of available information did

not reveal the types of petroleum products that were stored in this area. Recent maps do not depict

either of these structures, indicating that they may have been closed and no longer exist (NETC No.

31491-311; Ames and Whitaker, 1996).

2.6 DATA QUALITY OBJECTIVES

The data quality objectives (DQOs) for this project were developed in accordance with the EPA

Guidance. for Data Quality Objectives (EPA G4 document). The G4 document suggests seven steps be

followed to develop project DQOs. The objectives are somewhat previously established by CERCLA

guidance, the Federal Facilities Agreement, and other standard guidelines for the performance of

Focused 51's. The intended use of the data resulting from a field investigation is a determining factor in

defining the DQO for that data. To be certain that the data is consistent with the goals of the

investigation, the seven steps of defining DQOs is suggested.

The seven steps are described in the following subsections:

2.6.1 Statement of the Problem

During construction of the SWOS building at NAVSTA Newport, oil was encountered in the ground at

concentrations exceeding RIDEM criteria. Other contaminants may exist, as there is little record of

historical activities at this site.

The investigation will identify contaminants present on the SWOS site and whether those contaminants

represent a threat of contamination to the soil and groundwater proximal to the site. The possible

relationship of the SWOS site to the adjacent OFFTA site will be discussed, based on the data collected,

and data assessment will be performed. The findings of this Focused 51 will determine if subsequent

investigations are necessary and the extent thereof.

2.6.2 Identification of the Decision

After the completion of this study, a decision will be made as to whether there will be a need for

additional studies and actions under the CERCLA process. This decision will be based on any

exceedances of concentrations of CERCLA hazardous substances above regulatory criteria and whether
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those exceedances are a result of activities at the OFFTA site. Non CERCLA contaminants (TPH) will

be evaluated against applicable criteria for other regulatory actions. If the data assessment determines

that the contaminant exceedances are a result of the OFFTA site, those contaminants will be addressed

through OFFTA remedial actions. If the data assessment determines that the contaminant exceedances

are a result of some other release, additional steps in the CERCLA process will be followed. If results of

the data assessment determine that regulatory criteria are not exceeded, no further action will be

required for the site.

2.6.3 Inputs to the Decision

Inputs to the decision are the elements used in the decision process. Inputs to the decision as stated in

Section 2.6.2 are as follows:

• Concentrations of the contaminants present

• USEPA and RIDEM recommended standards for determining adverse exposure

2.6.4 Definition of the Study Boundaries

Study boundaries can be physical and temporal. This section defines the boundaries and the rationale

for their selection.

The problem stated in Section 2.6.1 focuses on the entire SWOS site. Although other contaminant

sources may be present upgradient or adjacent to the site that may result in the deposition of

contaminants at the site, the study shall remain focused on the identification of and concentrations of

contaminants within the site. The study will evaluate the soil and groundwater at the site.

Temporal boundaries will be limited to the current contaminant concentrations as compared to criteria.

The exposure and potentially associated risk as evaluated from contaminants now present will be

accounted for, pending the data assessment. In addition, the potential for future exposure pathways and

risk may be evaluated.

If necessary, detailed exposure scenarios for the current and future use will be residential. Access to the

property is currently only available to NAVSTA Newport employees and SWOS students.

During the field investigations, the field personnel on site will note the use of the site by any persons

other than NAVSTA Newport employees or SWOS students who are designated to be in the area.
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The decision rule is a clear statement defining the requirements of the investigation based on the

possible outcomes of the study. For this work plan, the decision rule shall be as follows:

• If the data assessment indicates that contaminants are present above regulatory criteria as a

result of releases at the OFFTA site, those contaminants may be addressed through OFFTA

remedial actions in progress.

• If the data assessment indicates contaminants present above regulatory criteria as a result of

some release other than that which occurred at OFFTA, it will be addressed on a regulatory track

separate from OFFTA.

2.6.6 Limits on Decision Errors

The limits of decision errors are set to quantify the potential for false negative and false positive

decisions. As a Focused SI, this study requires a low potential for a false negative decision. This means

deciding not to go forward with CERCLA actions when in fact the risk defined in the Decision Rule does

exist and actions should be taken. Conversely, a somewhat higher tolerance for a false positive decision

is acceptable for this stage, since the resulting effect would be to carry the process as far as the

feasibility study when it is not warranted. A separate decision rule would be set for a cleanup action as a

part of the Record of Decision (ROD).

Conservatism in the process for the assessment of risks will decrease the potential for a false negative

decision but not overly increase potential for a false positive decision. This conservatism is applied with

exposure scenarios and other parameters used to measure exposure. This conservatism is furthered by

evaluating the reasonable worst-case scenario for exposure using the maximum concentrations

detected. Average concentrations are also used in the risk assessments in order to have some manner of

comparison.

2.6.7 Design for Obtaining Data

The DOO process described in the G4 DOO document describes, the use of various statistical

approaches for development of a database. These are typically based on the representativeness of the

data that are required. For instance, if the Decision Rule was to "remove soils with concentrations of

lead above 10 mg/kg", the sampling plan would be based on the capability for identification of hot spots

of a predetermined size, which would be the basis for precision on the removal action to be taken.
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However, given the goals of this investigation, the design of the sampling plan can be more qualitative.

The sampling plan is provided in Section 3 of this work plan. Samples will be collected to measure

concentrations of contaminants present to which human receptors may be exposed.

Sample media for this site will include surface soils, subsurface soils, and groundwater at and near the

areas of suspected impact. This approach will allow the investigators to detennine the "extent of

contamination" if a remedial investigation is required under CERCLA. Samples will be analyzed for

target analytes (petroleum and petroleum-related contaminants), but also for a full analytical suite of

pollutants to ensure a complete data set in case further evaluations (risk assessment) are found to be

necessary in the future.

Specifics on the precision, accuracy, representativeness, etc. of the data collected are described in the

Quality Assurance Project Plan, presented in Section 4 of this work plan. These are established

standards for Remedial Investigations under the CERCLA process. Use of these standards will allow the

use of the data collected as a part of this study in a Remedial Investigation if one is reqUired at a later

date.

W5204306DF 2-17 CT0842



DRAFT FINAL

3.0 FIELD INVESTIGATION AND SAMPLING PLAN

The following sections detail the field activities to be performed during this investigation. Specific TtNUS

Standard Operating Procedures (SOPs) will be referenced where applicable. The analytical laboratory

has not been identified at this time. Once selected, laboratory SOPs will be maintained as part of the

administrative record.

3.1 INTRODUCTION

The focus of the Field Sampling Plan (FSP) is to assess and evaluate site conditions in order to obtain

adequate data to support the Focused Sl report and the data assessment. The objectives are to:

• Characterize the waste materials that may exist at the SWOS site and determine the preliminary

extent of hazardous materials released to the environment.

• Determine the type of contamination associated with releases (if any) from the use and

sUbsequent demolition of the Brig facility.

• Identify contaminants that may exist on site.

• Collect samples for full TCL organics (including VOCs, SVOCs, and pesticides/PCBs), gas range

organics/diesel range organics (GRO/DRO), TAL total and dissolved metals analyses to support

the data needs of the data assessment.

The data collected during these investigations must be capable of supporting these assessments. The

content of the report and the assessments is described in Section 5.0 of this work plan.

The field investigation will consist of three tasks including: 1) a reconnaissance survey and records

search, 2) a geologic/hydrogeologic investigation and environmental sampling, and 3) a land survey.

The details of each task are described in the following sections.

3.2 TASK 1: RECONNAISSANCE SURVEY AND RECORDS SEARCH

Access to the study area is restricted. The NAVSTA Newport facility, including the SWOS site, is

completely fenced and guarded. Prior to anyon-site work activities, security passes will be required for

all TtNUS and subcontractor personnel while working in the study area. Security passes will be obtained

through coordination with NAVSTA Newport contacts.
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A site walkover will be conducted by the TtNUS field sampling team members to familiarize themselves

with site conditions. The site will be reviewed with respect to access restrictions and sampling locations.

Site-specific health and safety considerations, including emergency evacuation procedures, will be

reviewed. Pertinent features, such as any overhead and subsurface utilities, and other potential hazards

will be reviewed with Navy personnel with respect to planned sampling activities.

In addition to the planned field activities, a new records search will be conducted for documentation of

the planned removals and abatement which occurred before and after the demolition of the Brig facility.

The records search will include a search and review of RIDEM, Navy, and TtNUS data sources. An

attempt will also be made to locate and interview naval personnel at the base who may have been

associated with prior activities at the site.

3.3 TASK 2: GEOLOGIC/HYDROGEOLOGIC INVESTIGATION AND
ENVIRONMENTAL SAMPLING

The objective of this task is to evaluate the presence of soil and groundwater contamination resulting

from historical on-site or potentially off-site activities. Chemical data will be collected to assist in making

preliminary determinations on the presence of contaminants in the two media. The data will then be

assessed by comparing results to criteria.

The scope of work for the geologicl~ydrogeologic and sampling investigation includes the following

specific components:

• Characterization of a possible water table aquifer.

• Initial characterization of overburden soils and bedrock.

• Collection and evaluation of groundwater quality data at background locations.

• Assessment of the nature and distribution of groundwater contamination at the site.

• Additional characterization of contaminant migration pathways, including presence of permeable

soils and features associated with surface water runoff, such as underground drainage systems.

The subsurface exploration program will address the areas of concern identified in the Phase I

Environmental Site Assessment (TtNUS, 2001) and more recently, the Final Report and Risk

Assessment for Worker Exposure at the swas Site (Foster Wheeler Environmental Corporation, 2002).

Specifically, the sampling program will be expanded to adequately characterize areas of contamination

encountered during the construction of the swas Applied Instruction Building. One background boring

and one background micro well will also be installed as a part of this investigation. Proposed

boring/micro well locations are presented on Figure 3-1 of this work plan. The proposed field samples

are presented on Table 3-1.
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Twenty test borings are planned in the study area to investigate potential releases of contamination to

soils, characterize subsurface lithology, and for the installation of five micro wells (UW01 through UW05,

Table 3-2). Table 3-2 describes the location, the proposed screen interval, and the purpose of each of the

wells to be installed. An effort will be made to locate borings in unlandscaped areas (pavement) as well

as away from new structures.

The planned soil boring locations may be reassessed based upon any observed evidence of gross

contamination or staining which could indicate the presence of high concentrations of contaminants that

may be leaching into the groundwater. If drums or other evidence of gross contamination are discovered,

the wells may be moved and placed in the area(s) to determine partial impacts on the shallow overburden

aquifer.

Proposed changes in the location or in the number of borings/wells will be discuss~d with RIDEM and EPA

prior to actual field operations, and if a change is warranted, the regulatory parties shall also be notified

using a Field Modification Request, as described in Section 1.5 of this work plan.

3.3.1 Advancement of Borings

A total of 20 2-inch soil borings will be advanced using Direct Push Technology (DPT). The drilling

apparatus uses Macro-Core® samplers fitted with detachable aluminum or steel drive points that are

driven into the ground using hydraulic pres~ure. The specific equipment used will be determined based

on field conditions and the expected use of the borehole.

The soil borings will be advanced following general procedures specified in TtNUS SOP No. SA-2.5. Soil

cores will be collected in an acetate sleeve in 2- 4-foot lengths. Soils will be described according to the

Unified Soil Classification System, and logged to provide a complete lithologic record of the subsurface

materials. As each acetate sleeve is opened, the soils will be monitored for organic vapors by scanning

the soils using a flame ionization detector (FID) monitoring instrument and a photoionization detector

(PID). The breathing zone of both the drillers and samplers will be periodically monitored for organic

vapors, in accordance with the site specific Health and Safety Plan (Appendix A).

Soil borings will be advanced to 5 feet below the top of the saturated zone or to bedrock, as determined by

the rig geologist. Depth to bedrock is estimated to be 8 feet below ground surface (bgs). If refusal is

encountered before 8 feet bgs, up to two more attempts will be made. If bedrock is not encountered
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TABLE 3-1
PROPOSED FIELD SAMPLES

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

NUMBER OF SAMPLES

TClVOCs
GRO/DROACTIVITY MEDIA and TCl TAL

Percent SVOCS(1) Metals
(8015B

Moisture
Modified)(3)

Soil 40 40 40 40
Geologic/Hydrogeologic

Groundwater 5 5 5 5Investigation
Total (2) 45 45 45 45

Notes:

(1) SVOC parameters include TCl base, neutral and acid extractable compounds, pesticides, and
PCBs.

(2) Proposed field sample totals do not include quality control samples.

(3) ORO by Method 8015 Modified for Extractable TPH, C9-C36 Hydrocarbon by G.C.
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TABLE 3-2
WELL INSTALLATIONS/SOIL BORINGS

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

. NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

WELUBORING
LOCATION WELL SCREEN INTERVAL PURPOSE OF WELL

NUMBER

UW01 Southeast of the site in an anticipated Unconsolidated overburden Establish background groundwater
(upgradient location) hydrologically upgradient area and based on field screening and soil quality in overburden.

adjacent to S802 (Refer to Figure 3-1) conditions

UW02 Central portion of the site, east of the Unconsolidated overburden, Assess impacts of site contaminants
SWOS Applied Instruction Building based on field screening and soil on groundwater quality in

conditions overburden.

UW03 Northeast corner of the site, adjacent to Unconsolidated overburden, Assess contaminants present in
S819 based on field screening and soil groundwater at or imme~iately

conditions downgradient of area of observed
contamination.

Southern extent of the site, adjacent to Unconsolidated overburden, Assess impacts of contaminants on
UW04 the south (paved) entrance area and based on field screening and soil groundwater quality in overburden.

SB01 conditions

UW05 Northwest comer of the site, adjacent Unconsolidated overburden, Assess downgradient impacts of
~

to SB15 based on field screening and soil contaminant releases on groundwater
conditions in overburden.

S801-SB20 (Refer to Figure 3-1) N/A Assess impacts of site contaminants
on soil quality.
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within 5 feet of the water table, one boring will be advanced to bedrock. If the water table is not

encountered before reaching bedrock, up to three attempts will be made to penetrate the bedrock to find

the water table. If evidence of contamination exists at the bedrock overburden interface, the Navy will

review the need for bedrock borings/wells.

A log of each borehole will be maintained by the field geologist to describe lithologies encountered, depth

of geologic contacts, water levels, sample depths, bedrock characteristics, and any other pertinent

observations made during drilling. Boring logs will also include information on sample number, type, and

depth; and sample interval and recovery. An example boring log is included in Appendix C of this work

plan.

Any drill cuttings will be containerized and sampled for waste characterization, as described in Section 3.9.

Decontamination of sampling equipment and drilling apparatus will be performed as described in

Section 3.10.

3.3.2 Soil Sampling

A total of 40 soil samples will be collected from the 20 OPT borings. The borings will be 2-inch in

diameter to minimize site disruption and afford quick sample acquisition. Two soil samples will be

collected from soil borings in paved areas: one from the 0 - 2-foot interval immediately below the

roadbase material, and one from the 2-foot interval just above the groundwater table (soil saturation as

determined in the field). In borings through pavement, the 0 - 1-foot interval will be considered below

pavement and general roadbase material and will be no less than 1 foot below the surface. If signs of

potential contamination (e.g., odors, stains, sludges) are observed at a depth between the two planned

sampling intervals, the second sample will instead be collected from the depth of greatest observed

contamination (Le., most stained or highest headspace screening results) below the surface interval.

VOC headspace screening will be performed on each sample using a FlO as well as a PID. The jar

headspace screening method is presented in Appendix B of this work plan. For borings advanced in

unpaved areas, samples will be collected from 0 - 1 foot and 1-2 feet bgs in addition to the sample

collected from the 2-foot interval just above the water table. This will ensure appropriate data are

available to evaluate CERCLA exposure scenarios at the soil surface, will avoid testing only of fill that may

have been brought onto the site, and will provide information for the 2-foot interval which is required for the

RIDEM Site Remediation Regulations.

The sample from each interval will be treated as separate samples. Aliquots of the material for VOC and

GRO analyses will initially be collected using a cut syringe or equivalent device and placed in pre­

preserved vials with septa caps, according to SW846 Method 5035A, July 2002.

W5204306DF 3-7 CT0842



DRAFT FINAL

The following procedure should be followed:

1. Label four pre-tare weighed 40-ml amber vials-containing reagent grade water with the sample

location number and a bottle letter such as A, B, etc. (two for the VOC analysis and six for the

VOC matrix spike/matrix spike duplicate analysis). Label two pre-tared weighed 40-ml amber

vials containing methanol for the GRO and medium level concentration VOC analysis.

2. Collect approximately 5 grams of material by coring or stabbing the soil or sediment with a 10-ml

pre-cut syringe. Extrude the sample into one of the 40-ml VOC vials containing 5 ml of reagent

grade water or methanol. The soil must be Immersed in the water or methanol; recollect the

sample using a smaller volume if necessary. Avoid touching the threads on the vial's neck or loss

of water by evaporation. Cap the vial and Invert It several times to mix the sample.

3. Weigh the sample vial again to the nearest 0.01 g and record the weight in the field log sheet.

Repeat the procedure with the other vial(s). Pack and ship to the laboratory. Include the field log

sheet containing the sample weight information. One in every 20 samples should be assigned as

a laboratory matrix spike/matrix spike duplicate. For this sample, collect six water preserved vials

for VOC analysis.

Soil samples preserved with methanol will be shipped and maintained at 4°C until analyses within 14 days

of sample collection. The soil samples preserved with VOC-free reagent water may also ship at 4°C daily

to the assigned laboratory. The laboratory will either analyze the samples within 48 hours or will freeze

them at -laC and perform the VOC analysis within 14 days from sample collection.

The soil samples for GRO and VOC medium-level concentration analysis will be preserved with methanol.

Soil Sample For Percent Moisture Fill one 2-oz. container with soil or sediment from the same location

that the samples for VOC analysis were collected.

Every effort should be made to collect multiple cores of soil for the water preserved and methanol

preserved vials, and the percent moisture as close to one another as possible in each sample interval to

obtain precise results.

Field duplicate samples will be collected from the subsurface soils. Following the collection of the first set

of VOC and GRO containers, collect the field duplicate set from the same sampling Interval.

Collect field duplicates and assign the matrix spike/matrix spike duplicate from different locations.
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After the VOCs and GRO are collected, the remaining material in the open acetate sleeve will be placed

into a decontaminated stainless steel bowl and homogenized with a decontaminated stainless steel trowel,

disposable scoop, or similar device. After mixing to homogenize the sample, aliquots will be removed for

analysis of TCl SVOCs, pesticides/PCBs, TAL metals, and DRO. A summary of the sampling and

analytical parameters is provided in Table 3-1. The sample containers for the different analytical

parameters should be filled in the following order: VOCs/GRO/percent moisture, SVOCs, DRO,

pesticide/PCBs, and metals.

Samples will be designated as the soil boring designation (SB##), and depth intervals will be expressed in

feet. For example, sample SWOS-S-SB05-0204 indicates a soil sample from the boring for SB05, 2 feet

to 4 feet below ground surface. Details of sample designations are presented in Section 4.4 of this work

plan.

Appropriate chain-of-custody procedures will be followed (see Section 4.4.2) and samples will be labeled,

packaged and shipped according to TtNUS SOP No. SA-6.1. Required analytical methods, sample

preservation requirements, required sample containers, and Data Quality levels are provided in

Table 3-3. Table 3-4 summarizes the quality control samples to be collected and analyzed.

Decontamination of sampling equipment is summarized in Section 3.6.

3.3.3 Groundwater Monitoring Points

As part of the assessment of the nature and distribution of contaminants In groundwater, micro wells will

be installed and a sampling program conducted. This program includes installation of five micro wells in

addition to the 20 DPT borings. The proposed location of each well installation is presented on Figure 3-1.

The purpose of each installation is presented in Table 3-2.

Four micro well locations (UW02 through UW05) have been selected to evaluate potential releases of site

related contamination to groundwater. One additional location (UW01) represents a micro well installed

hydraulically upgradient of the SWOS site to establish background groundwater quality conditions in the

overburden.

The micro wells are planned in the following locations: one overburden well toward the southeast corner of

the site in the anticipated upgradient groundwater flow direction (UW01, background), one overburden

well in the central portion of the site (UW02), one overburden well in the northeast corner of the site in a

vicinity immediately downgradient of the area of observed contamination (UW03), one overburden well

along the southern boundary (UW04) and one overburden well in the northeast corner of the site (UW05)

at a location in the anticipated downgradient flow direction of the groundwater.
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Additional groundwater micro wells beyond those already scoped in this work plan will be installed if

deemed necessary for this Focused SI by agreement between the Navy and all the regulatory oversight

parties.

3.3.3.1 Groundwater Monitoring Well Screen Installation

The depth of the well screen installation will be determined in the field based on conditions that may

include: depth to groundwater, vertical zones that are more or less permeable to water than others, soil

.types present, headspace screening results, visual evidence of contamination (and an absence of field

instrument response to headspace screening), the presence of multiple horizons of contaminants, and

depth to bedrock.

Table 3-2 describes the location, the expected screened interval, and the purpose of each of the micro

wells to be installed.

Well screens and sandpacks used for the overburden well installations will be sized in accordance with the

geologic formation at each boring location. Well screens with slot sizes of 0.010 (0.25 mm) and 0.020

(0.5mm) will be available at the site. Filter pack sizes of 20-40 (0.85 mm - 0.425 mm) and 10-20 (2.0mm ­

0.85 mm) sieve size sand will be available for Installation with each respective screen aperture.

Screen aperture size and filter pack will be selected based on a visual inspection of the split barrel soil

samples collected from the screened interval. The field geologist/engineer will classify the soil sample,

and visually estimate the quantity of the coarse sand fraction present in the interval to be screened. If

coarse sand (defined in ASTM 02487-92 as ranging in size from 2 mm to 4.75 mm diameter) represents

a minimum of 70% by weight of the mass, a 0.020 slot screen and 10-20 sieve size filter pack will be

installed. If coarse sand represents less than 70% of the screened interval, a 0.010 slot screen and 20-40

sieve size filter pack will be installed.

However, if the screen interval is highly stratified, containing lenses of silty soils, a 0.010 slot screen and

20-40 sieve size filter pack will be installed to minimize siltation of the well.

The well screens will be installed in the saturated zones, if possible, across the interval that shows the

highest level of contamination. However, if conditions warrant it (Le., if contaminants detected by

headspace screening indicate the presence of a light non-aqueous phase liquid [LNAPL]), screens may be

placed across the water table to sample the LNAPL. Such changes to the work plan will be documented

to the regulatory parties in Field Modifications Requests as described in Section 1.5 of this work plan.
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TABLE 3-3
SAMPLE CONTAINER, PRESERVATIVE, AND HOLDING TIME REQUIREMENTS

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

SAMPLE SAMPLE
USEPAI

ANALYSIS PRESERVATIVE HOLDING TIME NFESCDQOMEDIUM CONTAINER lEVEl(l)

Soils 5 mls reagent grade
TCl VOCs (SW 846 5035A, 8260B) 2-40 ml VOC vials water"', freeze _7°C 14 Days (Analysis) IV

Cool to 4°C
GRO (SW846 5035A18015B

2-40 ml VOC vials
5 ml methanol Cool to

14 Days (Analysis) IVmddified) 4°C
TCl SVOCs (SW846 8270C)

7 Days (Extraction)
TCl PCBs/Pesticides (SW846 8081, 8 oz wide mouth Jar Cool to 4°C IV
8082) 40 Days to analysis

TAL Metals (SW846, 60108, 7471A) 4 oz wide mouth iar Cool to 4°C Hl:l 28 Days, Others 6 months IV
DRO (SW846 80158 modified) 8 oz wide mouth jar Cool to 4°C 28 days III
Percent Moisture 2-oz glass jar Cool to 4°C 14 days analvsls III

Groundwater
TCl VOCs (SW846, 82608) 2 - 40 ml VOC vials HCI to pH <21Cool to 4°C

14 Days (Analysis)
IV

7 Days (Extraction)
TCl SVOCs (SW846-8270)

2-80 oz amber 7 Days (Extraction)and 40
TCl PCBs/Pesticides (SW846, 8081 Cool to 4°C IV
8082) bottle days analysis

TAL total and Dissolved Metals 1 liter PE bottle
HN03 to pH <2 Hg 28 Days, Others, 6 months IV

(SW846-6010B, 7470A) Each
GRO Method 80158 modified 2 - 40 ml VOA vials HCI to pH <21Cool to 4°C 14 Davs (Analvsis)

DRO SW846 8015B modified
2 - 1liter amber

Cool to 4°C
14 days extraction, 40 days to

IV
glass analysis

Specific Conductance (YSI 600Xl
Field Measurement Not Applicable Not Applicable I

[GW); Horiba U-22 [SWJ)
pH (YSI 600Xl [GW); Honba

Field Measurement Not Applicable Not Applicable I
U22 [SWJ)

Temperature (YSI 600XL[GW),
Field Measurement Not Applicable Not Applicable I

Horiba U-22 [SWJ)
Dissolved Oxygen (YSI 600Xl [GW);

Field Measurement Not Applicable Not Applicable I
Horiba U-22[SWJ)

Turbidity (laMotte turbidity meter
Field Measurement Not Applicable Not Applicable I

[GW); Horiba U-22 [SWJ)
Oxidation Reduction Potential (YSI

Field Measurement Not Applicable Not Applicable I
600Xl fGW1; Horiba-22fSWn

Note.
(1) USEPA and Naval Facilities Engineering Service Center Data Quality ObjectIVes for laboratory data deliverables (see text)
(2) High concentration VOC samples will be preserved In 5 mls methanol analysis will be performed from the GRO VIals.
• The reagent water VOC-preserved vials could be maintained at 4°C for 48 hours.
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TABLE 3-4
FIELD QUALITY CONTROL SAMPLE SUMMARY

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

FIELD SOURCE
TRIP BLANKS

SAMPLE ANALYSIS FIELD
DUPLICATES

RINSATE
BLANKS

(1 PER 10, TOTAL
TYPE

MEDIA SAMPLES(11 (1 PER 10 BLANKS (21 (1 PER WATER
1 PER QUANTIyy(31

FIELD SOURCE PER
SHIPMENT)

SAMPLES) EVENT)

Soils TCl VOCs 40 4 1 1 4 50
Geologicl TCl SVOCs 40 4 1 1 0 46
Hydrogeologic Pesticides/PCBs 40 4 1 1 0 46
Investigation TAL Metals 40 4 1 1 0 46

GRO (8015B mod.) 40 4 1 1 4 50
ORO 40 4 1 1 0 46

Groundwater TCl VOCs 5 1 1 0 1 8
TClSVOCs 5 1 1 0 0 7
Pesticides/PCBs 5 1 1 0 0 7
TAL total metals 5" 1 1 0 0 7

- TAL dissolved metals 5 1 1 0 0 7
GRO 5 1 1 0 1 8
ORO 5 1 1 0 0 7

Notes:

~
~

(1 )
(2)
(3)

Refer to Table 3-1 for number offield samples anticipated.
One rinsate blank per type of tool or sampling procedure used.
In order to accommodate laboratory quality control analyses (i e., matrix spike, matrix spike duplicate, laboratory duplicate) the field crew will provide multiple aliquots of
samples (as applicable) with a frequency of one per 20 samples of similar matrix.
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Overburden aquifer wells will be installed according to the following protocol: clean silica sand of

uniform grain size will be carefully placed under the well' screen (6- inches minimum thickness) to

provide a firm footing and allow unrestricted flow under the screened interval. The same uniform sand

mixture will be placed in the annular space between the pre-packed well screen and boring wall, to a

minimum of 1 foot above the top of the screen. A bentonite pellet seal with a minimum thickness of

2 feet will then be installed immediately above the silica sand backfill. The bentonite pellet seal will be

brought up to 4 feet below ground surface. A 1-foot thick layer of clean silica sand (such as that used for

the sand pack) will be added to serve as a drainage layer beneath the protective casing. This minimizes

the possibility of water collecting and freezing in the annular space between the casing and the riser.

The hole will be finished with a cement grout seal and a protective flush-mounted roadway box, where

appropriate.

During the well installation process, the depths of all backfill materials will be continually monitored with

a weighted tape. Wells will be completed at the ground surface using flush-mounted road boxes. Wells

located within paved areas will be finished with concrete grout to match the existing grade of the

surrounding paved surfaces.

Bentonite grout will be allowed to set for a minimum of 1 day prior to developing the well. Development

will be conducted by bailing, or pumping and surging, to remove residual drill cuttings and fines from

around the well screens.

The horizontal and vertical locations of the wells will be surveyed following the completion of well

construction. The top of the PVC well riser will be marked for use as a permanent reference point. The

survey operations are described in detail in Section 3.4 of this work plan. Well purge water will be

containerized in accordance with Section 3.5 of this work plan.

3.3.4 Well Development

Wells will be developed by bailing and/or surging and pumping, as determined by the field geologist.

Fine-grained material around the well screen will be drawn into the well and removed by agitating the

well water with a foot value and simultaneously pumping water from the well at a low discharge rate. A

peristaltic pump outfitted with ASTM drinking water grade polyethylene tubing may also be used for

removing the water from the well. To prevent cross contamination between the wells, the down hole

equipment will be decontaminated between use in each well. The decontamination will use non­

phosphate detergent and tap water, rinsed with tap water, rinsed with 2-propanol, and rinsed with

deionized water. The polyethylene tubing will also be replaced between each well. Water produced
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during well development will be containerized in 55-gallon drums (DOT Specification 17E), as described

in Section 3.5 of this work plan, and placed in a locked storage container until disposal.

Based on field conditions, should the use of the surge block and pumping technique be deemed

inappropriate by the TtNUS field team, an alternative method will be used to develop the well. A suitable

pumping device (e.g., submersible bladder pump or a Whale~ pump) will instead be placed in the well

and used for its development.

The volume of groundwater extracted from each monitoring well during development will be monitored

for the following water quality parameters: pH, temperature, oxidation reduction potential (ORP), specific

conductance, dissolved oxygen, and turbidity at 15 minute intervals using a water quality meter.

Development will continue until pH, temperature, and specific conductance have all stabilized and

turbidity is equal to or less than 10 nephelometric turbidity units (NTUs). The well will be considered

stable when consecutive readings differ less than 10 percent. If the NTU criteria is not achievable, the

parties will determine if a turbidity standard of plus or minus 10 percent of successive well volumes is

appropriate on a case-by-case basis. Development and/or purge water will be monitored with a FID or

PID to aid in determining where the low flow sampling device will be placed.

If a well is not completely developed after 4 hours, the field geologist will notify the TtNUS project

manager for authorization to continue or to stop development.

3.3.5 Groundwater Sample Collection

Investigations of groundwater quality have not been previously conducted at this site. One round of

groundwater sampling and analysis will be conducted during this investigation. Due to concerns
\

regarding high turbidity effects on the collection of representative, accurate, and reproducible

groundwater quality samples, a low stress (low-flow) sample collection procedure will be used for this

task. Samples will be collected from each of the newly installed micro wells and will include applicable

field OAlOC samples (blanks and duplicates).

Groundwater samples will be analyzed for full TCl organics, TAL metals (total and dissolved metals),

and DRO/GRO analyses. Table 3-1 presents a summary of field samples to be collected. Section 4.0 of

this work plan describes analytical methodologies and OC requirements.

Work elements for this task include:
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• Noting, measuring and, if possible, sampling non-aqueous phase liquids (both LNAPL and

DNAPL).

• Measuring water levels in newly installed wells prior to purging, in addition to wells located on the

OFFTA site.

• Purging wells using the low stress (low-flow) methodology.

• Periodically measuring pH, temperature, specific conductance, dissolved oxygen, ORP, turbidity,

water level, and pumping rate while water is being extracted from the well.

• Collecting samples from the micro wells using the USEPA low stress (low-flow) methodology.

• Documenting, packing, and shipping samples for analysis.

Procedure

For each well to be sampled, the low stress (low flow) sample collection procedures to be followed are

summarized below. The USEPA Region I SOP for low flow sample collection (SOP GW-0001, 7/30/96,

Revision 2) is presented in Appendix B. This SOP will be followed, as practical, during the collection of

groundwater samples. If the EPA method is unsuccessful in the collection of a groundwater sample,

standard bailing techniques will be used.

The following steps provide a guideline for the low flow groundwater sample collection:

1. The presence of floating product in the wells will be determined with the use of an immiscible

liquid interface probe (or equivalent). The presence of product will be noted, and if appropriate,

the thickness measured and sampled (see Section 3.3.5.1 if applicable). The depth to water in

the well will be measured and recorded to the nearest 0.01 feet, minimizing immersion of the

meter within the standing water column to avoid disturbance of colloidal particles.

2. The required length of tubing will be calculated and measured for attachment to the pump inake

placed at the appropriate saturated screened interval based on the presence of free product,

elevated FlO, PIO, specific conductivity readings, odors, etc. Note that the tUbing will be

measured to allow a minimum distance between the well head and the discharge point (field

testing equipment), to minimize temperature changes in the groundwater discharged from the

well. Teflon or teflon-lined tubing will be used and disposed of after sampling is complete at

each well.

3. The tUbing will be slowly and smoothly lowered to the required depth to minimize the amount of

mixing in the well. The pump's discharge tubing will be fastened to the well casing (or PVC

stick-up) to minimize movement.
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4. The field testing equipment will be assembled, and placed as close as possible to the well

head/discharge tubing.

5. The depth to water with the pump in the well will be re-measured with the water level indicator

or interface probe and compared with the initial reading; if the readings vary by more than 0.05

feet, field personnel will wait 5 minutes, re-measure the water, and begin pumping.

6. The pump will be started at a low speed setting until discharge occurs. The pump start time will

be recorded, the flow rate measured (adjusted as necessary to within acceptable limits), and

recorded using a graduated measuring device and stopwatch. (Note that during the initial

period of pumping, an estimated 5 to 10 minutes, the depth to water in the well should be

measured frequently (at an estimated frequency of approximately once per minute), to enable

timely pump flow adjustments to attempt to minimize significant drawdown in the well).

7. During well purging, purge water discharged from the tubing will be collected in a flow-through

cell. Water quality parameters for pH, temperature, specific conductance, ORP, and dissolved

oxygen will be measured during purging using a YSI model 600 XL water quality meter (or

equivalent) and recorded. Turbidity will be measured using a LaMotte 2020 (or equivalent)

meter from a sample aliquot that is collected before it reaches the flow-through cell. The sample

aliquot will be collected using an in-line T-fitting and ball valve or similar device.

8. Water quality parameters (pH, temperature, specific conductance, ORP, turbidity, and dissolved

oxygen) and the depth to water in the well will be measured at 3 to 5-minute intervals as purging

occurs. The data and the associated time will be recorded on the low-flow sampling data sheet.

Attempts will be made to maintain the drawdown in the well during pumping to 0.3 feet or less,

by adjusting the pump flow rate. Drawdown for each well will vary depending on the recharge

capacity of the well. If stabilization of field parameters does not occur utilizing the low stress

(low flow) procedure, the field crew will consult with the project manager, who will make the

determination as whether to collect the sample or not. It is most likely that the sample will be

collected and the data from that sample will have to be qualified with the information as to which

parameters did not stabilize.

9. Purging will continue until all of the parameters have stabilized. "Stabilization" will be

considered achieved when three consecutive readings are within the following limits:

• Turbidity (10% for values greater than 1 NTU, as practical).

• DO (10%).
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• Specific conductance (3%).

• Temperature (3%).

• pH (± 0.1 unit).

• ORP/Eh (± 10 millivolts)

Groundwater samples will be collected following the stabilization of the measured field parameters. The

discharge tubing will be disconnected from the flow-through cell and the in-line device used to collect

aliquots for separate turbidity measurements. Samples will be collected directly through the discharge

tubing into appropriate sample bottles. The sample aliquots for VOC and GRO analysis shall be

collected directly into pre-preserved 40-mL amber vials with minimal disturbance. The bottles should be

filled completely with no headspace remaining in the bottle. VOC/GRO samples shall not be opened

after collection. An extra vial shall be collected initially to check the pH of the sample. If the desired pH

is not obtained, five drops of hydrochloric acid (HCI) shall be placed into new 40-mL vials and the

sample will be recollected. The process is repeated until pH < 2 is achieved. The samples shall be

recollected with the appropriate amount of HCI. If effervescence is noted when the samples are

collected, the samples shall be recollected without preservative and shipped to the laboratory as soon as

possible. The holding time for not preserved VOC/GRO samples is 7 days. Samples will be preserved

according to requirements described in Section 4.0. All non-disposable sampling equipment will be

decontaminated prior to each use, as described in Section 3.5. All pertinent sampling data will be

recorded on appropriate sample log sheets and in the site logbook. Any field deviations shall be

recorded on a Field Modification Record.

If difficulties arise during low stress (low flow) sample collection procedures (Le. minimum drawdown is

not obtainable; it can't be documented that the well is yielding fresh water despite the drawdown; or water

chemistry readings do not show a stabilization pattern), affected wells may be sampled using standard

bailing techniques. This change will constitute a field modification request as described in Section 1.5 of

this work plan.

Appropriate chain-of-custody procedures will be folll;>wed (see Section 4.3.2) and samples will be labeled,

packaged, and shipped according to TtNUS SOP No. SA-6.1.

3.3.5.1 Non-Aqueous Phase Liquids (NAPL) Sampling

If light or dense non-aqueous phase liquids (LNAPL or DNAPL) are determined to be present in the micro

wells, samples are to be collected prior to well purging, to avoid disruption of the NAPL layer. Two

methods will be available for the collection of the free phase samples and will include:
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1. Sampling by slowly lowering a "trap door" bailer or other vertical trap to the target depth

measured with the interface probe, or

2. Sampling with a peristaltic pump by carefully lowering the teflon collection tube to the target

depth measured with the interface probe.

The method selected will be based on the depth and apparent thickness of the non-aqueous phase liquid.

Deeper (greater than 15 to 20 feet) and "thinner" layer samples (less than 0.1 foot) can make accurately

placing the teflon collecting tubing for the peristaltic pump difficult. If necessary, product mixed with

water can be collected and allowed to separate within a sample container. Once the NAPL layer has

separated from the water portion of the sample, it may be extracted using a peristaltic pump under

controlled conditions and containerized for analysis as required by the analytical laboratory.

3.4 TASK 3: LAND SURVEY

Following the investigative work, a survey will be performed by a surveyor registered in the State of

Rhode Island to identify horizontal locations of sample points, and other significant features identified

during the investigation. The survey will be performed by a subcontractor supervised by TtNUS working

under the site specific Health and Safety Plan.

The base map presented in this work plan (Figure 3-1) will be used; however, locations of existing

buildings and study area boundaries will be confirmed by survey.

The survey will be conducted to establish relative locations of sample points. Survey control will be

maintained by tying into either the State of Rhode Island or United States Geological Survey (USGS)

grid systems. Elevations will be referenced to a USGS benchmark and the Navy mean low water level.

Horizontal and vertical measurements will be made relative to on-site control points.

All surveyed features will be horizontally located to within +/-0.1 foot. Tops of PVC well risers and will be

located to plus or minus 0.01 foot vertically.

It is expected that each of the soil boring and micro well locations and elevations will require location

surveying.

Surveyed points will be mapped with AutoCAD LT 2000i or a compatible system. The survey

subcontractor will provide hard-copy prints and disk versions of the survey information for each survey

operation. Survey points for each task will be set on different "layers" of the AutoCAD data such that

printouts of sample collection points can be made specific to each task.
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Waste materials that will be generated during the field investigation may include drill cuttings, well purge

and development water, decontamination fluids, disposable sampling equipment, and used personal

protective equipment (PPE).

TtNUS will be responsible for removing and properly disposing of all investigative waste materials

following completion of the field investigation program. This waste disposal program will be conducted,

as appropriate, following each of the tasks described in the previous sections of this work plan. In this

manner, large quantities of wastes will not be stockpiled for disposal at the end of the investigation

program.

Containers of IDW will be labeled as to their point of origin and date collected and placed in a locked

storage container until disposal. Samples of these materials will be labeled with the information on the

containers. Containers of IDW that are found to be hazardous will be characterized and disposed of

within 90 days.

3.5.1 Solid Wastes

.
Personal protective equipment (gloves, tyvek coveralls, and disposable boots) will be decontaminated,

double bagged, and disposed of in an off-site industrial dumpster.

3.5.2 Soil Wastes

Excess drill cuttings, discarded sample material, and other soil wastes will be containerized. Soils from

different areas will not be mixed.

Laboratory analysis of samples collected during the investigation program will be used to further

characterize the waste materials, as required by state and federal disposal requirements. Additional

samples for other parameters will also be required. Typical disposal parameters are listed below.

• TCLP Metals

• TCLP Volatile Organic Compounds

• TCLP PCB/Pesticide Compounds

• Flash Point, Reactivity, Corrosivity

• Free Liquid
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Analysis of repr sentative samples of waste materials for disposal parameters will be the responsibility of

an outside disposal subcontractor. All soil wastes will be shipped off site by this same subcontractor.

3.5.3 Liquid Wastes

Decontamination fluids and well purge and development water will be initially contained in 55-gallon

drums. This material will be combined at the conclusion of the project and shipped off site for disposal in

accordance with RIDEM, USEPA, and DOT Regulations.

3.6 DECONTAMINATION PROCEDURES

Equipment decontamination procedures are described in TtNUS SOP SA-7.1 and have been

summarized below:

Monitoring Eguipment

To the extent possible, all monitoring equipment will be wrapped and sealed in plastic with only the

controls, readouts, and intake and exhaust ports open to the atmosphere. If decontamination of

monitoring equipment is required, the following procedure will be utilized:

• Remove plastic covering.

• Remove gross contamination with potable water.

• Scrub with potable water/liquinox.

• Rinse lightly with potable water.

• Wipe dry immediately with disposable towels.

Drilling, Excavation, and Other Heavy Equipment

The DPT rigs and down hole equipment will be decontaminated following their arrival on site, prior to

beginning work at each location, and at the completion of the drilling programs.

Rig decontamination will be performed at a temporary, centrally located decontamination pad

constructed specifically for this purpose. The decontamination pad will be large enough to capture all

wash water and channel it into a sump. The fluids in the sump will be containerized after each use.

W5204306DF 3-20 CT0842



•

DRAFT FINAL

Sampling Equipment

All non-disposable sampling equipment that comes in contact with the sample medium will be

decontaminated to prevent cross contamination between sampling points. This includes equipment such

as drill rods, soil sampling spatulas, and bowls, etc. The following decontamination sequence will be

employed:

• Remove gross contamination by scrubbing with potable water.

• Scrub with potable water/liquinox.

• Rinse with potable water.

• Rinse with deionized water.

• Rinse with 2-propanol.

• Rinse with hexane

• Rinse with deionized water.

• Air dry (to extent possible).

• Wrap with aluminum foil, dull side toward equipment.
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4.0 QUALITY ASSURANCE/QUALITY CONTROL

This section provides technical guidelines and procedures for conducting the field work. This document

references the TtNUS Standard Operating Procedures (SOPs) for specific protocols for procedures

discussed in Section 3.0.

Pertinent SOPs are included in this work plan as Appendix B. These SOPs include, but are not limited

to:

DESCRIPTION

GH-1.3

GH-1.5

GH-2.8

GH-2.5

SA-1.1

SA-2.5

SA-6.1

SA-6.3

ME-15

Soil Sampling

Borehole and Sample Logging

Groundwater Monitoring Well Installation

Groundwater Contour Maps and Flow Determinations

Groundwater Sample Acquisition and Onsite Water Quality Testing

Direct Push Technology

Non-Radiological Sample Handling

Field Documentation

Photovac MicroFID Handheld Flame Ionization Detector

In addition, the following policies and guidance are provided for reference:

RIDEM (1996) Required Monitoring Well Construction Standards and Abandonment
Procedures

EPA-GW-0001 Low Flow Groundwater Sampling

Total Volatile Organic Compounds Jar Headspace Screening

Data quality objectives for the SWOS site Focused SI are developed in Section 2.6 of this work plan.

The objectives of the sampling program are to provide sufficient data to identify and characterize

possible contaminants present in soils and groundwater at the site. This characterization and the data

developed from the sampling program must be of adequate quality to support a baseline risk

assessment, and to provide waste characterization data for making remedial decisions. To accomplish

these objectives, samples will be collected for laboratory analyses as described in Section 3 of this work

plan.
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Achieving these objectives requires that the data collected from the field conform to an appropriate level

of quality. The quality of a data set is measured by certain characteristics of the data, namely the

precision and accuracy, representativeness, completeness, and comparability (PARCC) parameters.

Some of the parameters are expressed quantitatively, while others are expressed qualitatively. The

PARCC goals for a particular project are determined by the intended use of the data, usually referred to

as DOOs. DOOs are developed in Section 2.6 of this work plan; the PARCC parameters are discussed

in the following subsections.

4.1.1 Precision and Accuracy

Field and laboratory precision and accuracy performance can affect the attainment of project objectives,

particularly when compliance with established criteria is based on laboratory analysis of environmental

samples.

Analytical precision and accuracy will be evaluated upon receipt of the analytical (field screened and

laboratory) data. Amilytical precision will be measured as the relative percent difference from duplicate

measurements and relative standard deviation from three or more replicates. Analytical accuracy

measures the bias as the percent recovery from matrix spike and matrix spike duplicate samples.

Field sampling precision and accuracy are not easily measured. Field contamination, sample

preservation, and sample handling will affect precision and accuracy. By following the appropriate

TtNUS SOP, and by calibrating equipment properly and performing routine calibration checks, precision

and accuracy errors associated with field activities can be minimized. The objective for measurement

accuracy is to achieve and maintain the manufacturer's specifications for field equipment. Field

duplicates and blanks (field, trip, and rinsate) will be used to estimate field sampling precision and

accuracy for soil samples submitted for laboratory analysis.

Field duplicate and field quality control blank analyses results will be used during the data validation

process to review the laboratory-analyzed results and determine the usability of the data with respect to

its intended use. In general, results that are rejected by the data review process will be disqualified from

application to the intended use. Oualified data will be used to the greatest extent practicable. Refer also

to Section 4.10.2 of this Work Plan.
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Representativeness describes the degree to which analytical data accurately and precisely define the

population being measured. Several elements of the sampling and sample handling process must be

controlled to maximize the representativeness of the analytical data (appropriate number of samples

collected, physical state of the samples, site-specific factors, sampling equipment, containers, sample

preservation and storage, holding times, sample identity and chain of custody will be defined to ensure

that the samples analyzed represent the popUlation being measured). The sampling program is

designed to provide analytical data that is representative of the existing contaminant levels.

Every effort will be made to collect soil samples that represent the soil under investigation. For the

headspace screening procedure the type and concentration of the contaminants in the samples screened

on site depends on the type of contaminants present in the soil samples and their concentration. The

volatile contaminants in the headspace represent the volatile contaminants in the soil in the container.

The sample with the highest concentration of volatile contaminants in the soil will deliver the highest

concentration of volatile cQntaminants to the headspace container.

Headspace screening data (FID/PID) will not be used to make determinations of true nature or extent of

contamination. The screening data will be used to aid in determining micro well screen installation

selection. The laboratory samples alone will be used to determine nature and extent of contamination as

part of the Focused SI.

Representativeness of data is also affected by sampling techniques. Sampling techniques are described

in Section 3.0 and in the TtNUS SOP included in Appendix B.

4.1.3 Completeness

Completeness describes the amount of data generated that meets the objectives for precision, accuracy,

and representativeness versus the amount of data expected to be obtained. For relatively clean,

homogeneous matrices, 100 percent completeness is expected. However, as matrix complexity and

heterogeneity increase, completeness may decrease. Where analysis is precluded or where data quality

objectives are compromised, effects on the overall investigation must be considered. Whether or not

any particular sample is critical to the investigation will be evaluated in terms of the sample location, the

parameter in question, the intended data use, and the risk associated with the error.

The sampling and analysis program for the site is sufficiently broad in scope to prevent a single data

point or parameter from jeopardizing attainment of the monitoring objectives. Each medium is critical to

W5204306DF 4-3 CT0842



DRAFT FINAL

the assessment of contaminant migration. Consequently, there exists some critical data requirement

below which the objectives of the monitoring program will be compromised.

Critical data points may not be evaluated until all the analytical results are evaluated. Additionally,

several sampling points, in aggregate, may be considered to be critical either by location or by analysis.

A subsequent sampling event may be necessary if it becomes apparent that the data for a specific

medium are of insufficient quality, either with respect to the number of samples or an individual analysis.

For the purposes of this effort, a data point will be determined to contribute to the completeness of the

data set if the information provided is meaningful, useful, and contributes to the project objectives.

4.1.4 Comparability

One of the objectives of the sampling effort is to provide analytical data that is characterized by a level

of quality that is comparable between sampling points. By specifying the use of standard analytical

procedures (as well as standardizing field sampling procedures by following TtNUS and other SOPs), the

potential for variables to affect the final data quality will be effectively minimized. Analytical methods for

this work are shown in Table 3-3, and SOPs appear in Appendix B.

4.2 QUALITY CONTROL SAMPLES

QC samples to be collected during the sampling effort are identified below, and include field duplicates,

rinsate blanks, source blanks, trip blanks, and matrix spike/matrix spike duplicates. Each type of field

quality control sample defined below will undergo the same preservation, holding times, etc., as the field

samples. Table 3-4 presents a summary of these QC samples to be collected during this field

investigation.

4.2.1 Field Duplicates

Field duplicates will be submitted at the rate of one for every 10 samples per matrix, or at a rate greater

than one per 10 samples if less than 10 are collected. Field personnel will note on the sample summary

form and in the logbook which samples are field duplicates. Duplicate samples will be shipped blind to

the laboratories, and shipping paperwork will be completed accordingly.

Field personnel will note in the remarks block on the chain-of-custody form which of the samples is to be

used for internal laboratory matrix spike/matrix spike duplicate analysis. Field duplicates and multiple

sample aliquots are collected by mixing a double portion of the required volume of sample and dividing it
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into two sample containers. Aliquots for VOC analysis are always removed prior to homogenization.

Field duplicates provide precision information regarding homogeneity, handling, shipping, storing,

preparation, and analysis.

4.2.2 Rinsate Blanks

Rinsate blanks are obtained under representative field conditions by running analyte-free deionized water

through sample collection equipment after decontamination, immediately before sampling and placing it

in the appropriate sample containers for analysis. These samples are used to assess the effectiveness

of decontamination procedures. Rinsate blanks will be prepared at the rate of one per type of tool or

sampling procedure used, and will be analyzed for the same parameters as the related samples. All

rinsate samples will be sent to a laboratory for analysis.

4.2.3 Source Blanks

Source blanks will consist of the source water used in decontamination (includes analyte-free deionized

water, potable water from each source, and other waters used in decontamination operations). Source

blanks will be prepared at the rate of one per source of water per sampling event.

~~4 TripB~n~

VOC and GRO trip blanks are prepared by the laboratories and are shipped to the field sampling team

along with the containers to be used for sample collection. One VOC/GRO trip blank sample will

accompany sample containers into the field, through the sampling process, and will be sent with each

shipment of VOC and GRO samples to the laboratories. If there are multiple sampling crews out at one

time, trip blanks will accompany each sampling team. If the samples are "pooled" in a single cooler for

shipment, then the trip blanks accompanying each respective sampling team will be submitted for VOC

analysis. For VOC soil samples the trip blank consist of two vials with 5 ml of VOC-free reagent water

and one vial with 5 ml of methanol. The soil GRO trip blank will consist of one 5 ml methanol vial only.

4.2.5 Matrix Spike/Matrix Spike Duplicates

A matrix spike sample will be identified by field teams at a frequency of one in 20 field samples

collected. Samples for matrix spike analyses are collected in triplicate volume, such that there are three

containers for each analyte group. One aliquot is analyzed as a field sample in a manner consistent with

the other field samples. The second aliquot is spiked and analyzed to determine spike recoveries. The
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third is spiked also and analyzed as a duplicate to the second aliquot for the organic parameter or

analyzed as a laboratory duplicate for the inorganic parameters.

4.3 PROJECT ACTION LIMITS AND METHOD DETECTION LIMITS

For the Focused Sl at the SWOS site, a complete list of site contaminants has not yet been identified.

Existing data indicate TPHs and lead are present on site, but extensive sample analysis has not been

conducted on the SWOS site to indicate the full nature of the contamination. Therefore, the analyte

groups and methods for analysis identified in Section 3 of this work plan have been selected for the

Focused Sl data collection effort. These methods provide the appropriate range of analytes identified by

the USEPA on the TCl and TAL (metals) for CERCLA, which is the lead regulatory driver for the

NAVSTA Newport Installation Restoration Program, under which this study is being conducted.

Project action limits are typically selected from available regulatory and risk based target concentrations,

also referred to as benchmarks or screening criteria. The screening criteria for this project will include,

but may not necessarily be limited to the regulatory criteria maximum contaminant levels (MCLs) for

groundwater, RIDEM direct exposure criteria for soil and other human risk based criteria such as Region

IX Preliminary Remediation Goals.

Method detection levels (MDLs) and quantitation limits (QLs) will be provided by the proposed

subcontract laboratory. The project action limits are presented for soil (Tables 4-1A through 4-1D) and

groundwater (Tables 4-2A through 4-2D). Action limits for soil were selected from the lowest criteria

appropriate for human health risk as described within the table references. Action limits for groundwater

were limited to human risk screening criteria for a water supply (EPA Region IX PRGs for tap water, and

Rhode Island GB groundwater objectives), since the site is in an area classified as GB, and groundwater

flow direction at the site is not yet determined. The MDls and Qls from the assigned laboratory will be

below the project detection limits.

The MDls provided by the laboratory represent the minimum concentrations that can be quantified with

the cited method for a given matrix. The Qls are about five to ten times higher than the MDlS. Many

times, actual sample conditions, particularly in soil samples, will dictate the actual quantitation limit,

which might be higher (or lower) than those stated. However, when the analytical laboratory identifies

contaminants below their quantitation limit, they will report that detection as an approximate

concentration. For this reason, results may be reported below the quantitation limits.

The project action limits are selected from risk-based and regulatory screening criteria as targets for the

analytical laboratories and for the investigation. However, these are screening criteria, and some are
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extremely low concentrations, and impossible to achieve without very specialized analytical work. It is

expected that some laboratory MDLs will be above these risk criteria for some contaminants, just as it is

predicted that some of the samples will not provide quantitation limits within the levels expected by the

laboratory. Actual detection limits that fall above the targets will have to be considered in the data

assessment processes.

4.4 SAMPLE DESIGNATION AND CUSTODY

Samples collected will be tracked by sample identification number and date and time of sample

collection. The sample number will be the basis for maintaining chain of custody. These procedures are

described below.

4.4.1 Sample Numbering

Samples will be labeled as soon as they are collected. Sample numbers will reflect the source, medium,

and location. An alpha numeric numbering system will be used to describe this information. This system

is detailed below:

AAAA - A - AANN -NNNN - NN

(Site Identifier) -(Medium) - (Sample Location) - (Depth)- (Round)

The site identifier for the SWOS site is SWOS. "Medium" indicates solid (S) or aqueous (A). Sample

locations will be noted as UW for groundwater samples from micro wells and S8 for soil boring samples.

The addition of the sampling round number is only applicable to groundwater samples.

For example, a soil boring sample collected from 2-4 feet below ground surface from S803 will be

identified as SWOS-S-SB03-0204. The first groundwater sample (Round 1) collected from the micro

well will be identified as SWOS-A-UW04-01.

Blind duplicate samples will be designated such that the location designation will be replaced with a

chronological number:

Duplicates:

W5204306DF
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TABLE4-1A
SOIL- VOLATILE ORGANIC TARGET ANALYTES, METHOD 50351 8260B

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Project Achievable

CAS
Project

Quantltatlon Laboratory Limits
Analytes Action Limit Source

Number
(Ilg/kg)

Limit MDLs* QLs
(Ilg/kg) (Ilg/kg) (Ilg/kg)

Dichlorodifluoromethane 75-71-8 9,400 HH 10 10

Chloromethane 74-87-3 1,200 HH 10 10

Bromomethane 74-83-9 390 HH 10 10

Vinyl Chlonde 75-01-4 20 RIDEM 10 10

Chloroethane 75-00-3 3,000 HH 10 10

Methylene Chlonde 75-09-2 9,100 HH 10 10

Acetone 67-64-1 160,000 HH 10 10

Methyl Acetate 79-20-9 2,200,000 HH 10 10

Carbon Disulfide 75-15-0 36,000 HH 10 10

Trichlorofluoromethane 75-69-4 39,000 HH 10 10

1,1-Dlchloroethene 75-35-4 200 RIDEM 10 10

1,1,2-Trichloro-1,2,2-trifluoro-ethane 76-13-1 5,600,000 HH 10 10

1,1- Dlchloroethane 75-34-3 51,000 HH 10 10

Methyl tert-Butyl Ether 1634-04-4 62,000 HH 10 10

cis-1 ,2- Dichloroethene 156-59-2 4,300 HH 10 10

trans-1,2- Dichloroethene 156-60-5 6,900 HH 10 10

Chloroform 67-66-3 360 HH 10 10

1,2- Dlchloroethane 107-06-2 280 HH 10 10

2-Butanone 78-93-3 730,000 HH 10 10

1,1,1-Tnchloroethane 71-55-6 540,000 RIDEM 10 10

Bromochloromethane 74-97-5 2,400 HH 10 10

Cyclohexane 110-82-7 140,000 HH 10 10

Carbon Tetrachlonde 56-23-5 250 HH 10 10

Bromodlchloromethane 75-27-4 820 10 10

Methylcyclohexane 108-87-2 260,000 HH 10 10

1,2-Dichloropropane 78-87-5 340 HH 10 10

Cis-1,3- Dlchloropropene 10061-01-5 NA 10 10

Trichloroethene 79-01-6 53 HH 10 10

Dibromochloromethane 124-48-1 1,100 HH 10 10

1,1,2- Trichloroethane 79-00-5 730 HH 10 10

Benzene 71-43-2 600 HH 10 10

Trans-1,3-Dlchloropropene 10061-02-6 NA 10 10

Isopropylbenzene 98-82-8 57,000 HH 10 10

Bromoform 75-25-2 62,000 HH 10 10

4-Methyl-2-Pentanone 108-10-1 79,000 HH 10 10

2-Hexanone 591-78-6 NA 10 10

Tetrachlorethene 127-18-4 1,500 HH 10 10

1,1,2,2- Tetrachlorethane 79-34-5 410 HH 10 10

Ethylene Dibromlde 106-93-4 6.9 HH 10 10

Toluene 108-88-3 190,000 RIDEM 10 10

1,2-Dlbromoethane 106-93-4 6.9 HH 10 10

Chlorobenzene 108-90-7 15,000 HH 10 10
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TABLE 4-1 A (c nt.)
SOIL- VOLATILE ORGANIC TARGET ANALYTES, METHOD 5035/8260B
DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL
NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND
PAGE20F2

Project Project Achievable

CAS Action
Source

Ouantitation Laboratory Limits
Analytes Number Limit Limit MDLs* OLs

(Jlglkg) (Jlglkg) (Jlglkg) (Jlglkg)

Ethylbenzene 100-41-4 8,900 HH 10 10

Styrene 100-42-5 13,000 RIDEM 10 10
Total Xylenes 1330-20-7 27,000 HH 10 10
1,3-Dlchlorobenzene 541-73-1 1,600 HH 10 10
1,4- Dichlorobenzene 106-46-7 3,400 HH 10 10
1,2- Dichlorobenzene 95-50-1 370,000 HH 10 10
1,2-Dlbromo-3-chloropropane 96-12-8 450 HH 10 10
1,2,4-Tnchlorobenzene 120-82-1 65,000 HH 10 10

Notes:
Laboratory to be determined.

Bold Achievable laboratory Quantitatlon limit is above the project action limit, however the MOL should be below the
action limit.

NA Not available

Sources in preferential order:
HH - EPA Region IX PRGs for residential use soils
RtDEM - Rhode Island Direct Exposure Criteria for Residential Soils
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TABLE4-1B
SOIL- SEMIVOLATILE ORGANIC TARGET ANALYTES, METHOD 8270C

DRAFT FINAL WORK PLAN· FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

AChievable

CAS
Project Project Laboratory Limits

Analytes Number
Action Limit Source Quantltatlon

(~g/kg) Limit (~g/kg) MDLs* QLs
(l.Ig/kg) (~g/kg)

Benzaldehyde 100-52-7 610,000 HH 330 330

Phenol 108-95-2 6,000,000 RIDEM 330 330

Bls-(2-ehloroethyl) ether 111-44-4 210 HH 330 330

2-Chlorophenol 95-57-8 6300 HH 330 330

2-Methylphenol 95-48-7 30,000 HH 330 330

2,2-oxybls(1-Chloropropane) 108-60-1 2,900 HH 330 330

Acetophenone 98-86-2 NA 330 330

4-Methylphenol 106-44-5 31,000 HH 330 330

N-Nltroso-dl-n propylamlne 621~4-7 69 HH 330 330

Hexachloroethane 67-72-1 35,000 HH 330 330

Nitrobenzene 98-95-3 2,000 HH 330 330

Isophorone 78-59-1 510,000 HH 330 330

2-Nltrophenol 88-75-5 NA 330 330

2,4-Dimethylphenol 105-67-9 120,000 HH 330 330

Bis(2-Chloroethoxy) methane 111-91-1 NA 330 330

2,4-Dichlorophenol 120-83-2 18,000 HH 330 330

Naphthalene 91-20-3 5,600 HH 330 330

4-Chloroaniline 106-47-8 24,000 HH 330 330

Hexachlorobutadlene 87-68-3 6,200 HH 330 330

Caprolactam 105-60-2 3,100,000 HH 330 330

4-Chloro-3-methylphenol 59-50-7 NA 330 330

2-Methylnaphthalene 91-57-6 NA 330 330,

Hexachlorocyclopentadiene IT-47-4 37,000 HH 330 330

2,4,6-Trichlorophenol 88-06-2 610 HH 330 330

2,4,5-Tnchlorophenol 95-95-4 330,000 RIDEM 830 830

1,1 '-Biphenyl 92-52-4 NA HH 330 330

2-Chloronaphthalene 91-58-7 490,000 HH 330 330

2-Nltroanlllne 88-74-4 170 HH 830 830

Dlmethylphthalate 131-11-3 1,900,000 RIDEM 330 330

2,6-Dinitrotoluene 606-20-2 6,100 HH 330 330

Acenaphthylene 208-96-8 23,000 RIDEM 330 330

3-Nitroaniline 99-09-2 NA 830 830

Acenaphthene 83-32-9 43,000 RIDEM 330 330

2,4-Dlnltrophenol 51-28-5 12,000 HH 830 830

4-Nitrophenol 100-02-7 NA 830 830

Dlbenzofuran 132-64-9 29,000 HH 330 330

2,4-Dinitrotoluene 121-14-2 900 RIDEM 330 330

Diethylphthalate 84-66-2 340,000 RIDEM 330 330

Fluorene 86-73-7 28,000 RIDEM 330 330

4-Chlorophenyl-phenyl ether 7005-72-3 NA 330 330

4-Nitroaniline 100-01-6 NA 830 830
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TABLE 4-1B (cont.)
SOIL- SEMIVOLATILE ORGANIC TARGET ANALYTES, METHOD 8270C
DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL
NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND
PAGE20F2

DRAFT FINAL

Achievable

CAS
Project Project Laboratory Limits

Analytes Number
Action Limit Source Quantitation

(~gJkg) Limit (~gJkg) "MDLs* QLs
(~glkg) (~glkg)

4,6-Dinltro-2-methylphenol 534-52-1 NA 830 830

N-Nitroso diphenylamine 86-30-6 9,900 HH 330 330

4-Bromophenyl-phenylether 101-55-3 NA 330 330

Hexachlorobenzene 118-74-1 300 HH 330 330

AtrazlOe 1912-24-9 2,200 HH 330 330

Pentachlorophenol 87-86-5 3,000 HH 830 830

Phenanthrene 85-01-8 40,000 RIDEM 330 330

Anthracene 120-12-7 35,000 RIDEM 330 330

Carbazole 86-74-8 24,000 HH 330 330

DI-n-butylphthalate 84-74-2 610,000 HH 330 330

Fluoranthene 206-44-0 20,000 RIDEM 330 330

Pyrene 129-00-0 13,000 RIDEM 330 330

Butylbenzylphthalate 85-68-7 1,200,000 HH 330 330

3,3'-DichlorobenzidlOe 91-94-1 1,100 HH 330 330

Benzo (a) anthracene 56-55-3 620 HH 330 330

Chrysene 218-01-9 400 RIDEM 330 330

bls(2-Ethylhexyl) phthalate 117-81-7 35,000 HH 330 330

DI-n-octylphthalate 117-84-0 240,000 HH 330 330

Benzo (b) fluoroanthene 205-99-2 620 HH 330 330

Benzo (k) fluoroanthene 207-08-9 900 RIDEM 330 330

Senzo (a) pyrene 50-32-8 62 HH 330 330

Indeno (1 ,2,3-cd)-pyrene 193-39-5 620 HH 330 330

Dibenzo (a,h)-anthracene 53-70-3 62 HH 330 330

Benzo (g,h,i) perylene 191-24-2 800 RIDEM 330 330

Notes:
Laboratory to be determined.

Bold Achievable laboratory quantitation limit is above the project action limit.
NA Not available

Sources in preferential order:
HH - EPA Region IX PRGs for reSidential use soils
RIDEM - Rhode Island Direct Exposure Criteria for ReSidential Soils
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DRAFT FINAL

TABLE 4-1C
SOIL - PESTICIDES/PCB TARGET ANALVTES, METHODS 8081/8082

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Project Achievable

Action Project Laboratory Limits
Analytes CAS Number

Limit Source Ouantitation
Limit (~g/kg) MDLs* OLs

(~glkg) (~g/kg) (~g/kg)

alpha-SHC 319-84-6 90 HH 1.7 1.7
beta-SHC 319-85-7 320 HH 1.7 1.7
delta-SHC 319-86-8 NA 1.7 1.7
gamma-SHC 58-89-9 440 HH 1.7 1.7
Heptachlor 76-44-8 110 HH 1.7 1.7
Aldrin 309-00-2 29 HH 1.7 1.7
Heptachlor epoxide 1024-57-3 53 HH 1.7 1.7
Endosulfan I 959-98-8 NA 1.7 1.7
Endosulfan II 33213-65-9 NA 3.3 3.3
Endosulfan sulfate 1031-07-8 NA 3.3 3.3
Dieldrin 60-57-1 30 HH 3.3 3.3
Endnn 72-20-8 1,800 HH 3.3 3.3
Endrin ketone 53494-70-5 NA 3.3 3.3
Endrin aldehyde 7421-93-4 NA 3.3 3.3
4,4'-DDE 72-55-9 1,700 HH 3.3 3.3
4,4'-DDD 72-54-8 2,400 HH 3.3 3.3
4,4'-DDT 50-29-3 1,700 HH 3.3 3.3
Methoxychlor 72-43-5 31,000 HH 17 17
alpha-Chlordane 5103-71-9 NA 1.7 1.7
gamma-Chlordane 5103-74-2 NA 1.7 1.7

Toxaphene 8001-35-2 440 HH 170 170
Aroclor-1016 12674-11-2 390 HH 33 33
Aroclor-1221 11104-28-2 67 67
Aroclor-1232 11141-16-5 33 33
Aroclor-1242 53469-21-9

220 HH
33 33

Aroclor-1248 12672-29-6 33 33
Aroclor-1254 11097-69-1 33 33
Aroclor-1260 11096-82-5 33 33

Notes:
Laboratory to be determined.

Bold Achievable laboratory quantltatlon limit IS above the project action limit, however the MDL should be below the
action limit.

NA Not available

Sources In preferential order:
HH - EPA Region IX PRGs for residential use soils
RIDEM - Rhode Island Direct Exposure Criteria for Residential Soils
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TABLE 4-10
SOll- METALS TARGET ANAlYTES METHOD 6010B AND 7471A

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Project Project
Achievable

CAS Source laboratory Limits
Analytes

Number
Action Limit , Quantitation

(mg/kg) Limit (mg/kg) MDls* Qls
(mg/kg) (mg/kg)

Aluminum 7429-90-5 7,600 HH 30 30
Antimony 7440-36-0 3.1 HH 0.8 0.8
Arsenlct 7440-38-2 0.39 HH 0.5 0.5
Barium 7440-39-3 540 HH 0.5 0.5
Beryllium 7440-41-7 0.4 RIDEM 1.0 1.0
Cadmium 7440-43-9 37 HH 5.0 5.0
Calcium 7440-70-2 NA 1.5 1.5
Chromium 7440-47-3 30 HH 3.0 3.0
Cobalt 7440-48-4 900 HH 2.5 25
Copper 7440-50-8 310 HH 1.0 1.0
Iron 7439-89-6 2,300 HH 10 10
Lead 7439-92-1 150 RIDEM 0.5 0.5
Magnesium 7439-95-4 NA 5.0 5.0
Manganese 7439-96-5 180 HH 0.5 0.5
Mercury 7439-97-6 2.3 HH 0.05 0.05
Nickel 7440-02-0 160 HH 4.0 4.0
Potassium 7440-09-7 NA 100 100
Selenium 7782-49-2 39 HH 1.0 1.0
Silver 7440-22-4 39 HH 1.5 1.5
Sodium 7440-23-5 NA 100 100
Thallium T 7440-28-0 0.52 HH 1.5 1.5
Vanadium 7440-62-2 55 HH 2.5 2.5
Zinc 7440-66-6 2,300 HH 2.5 2.5

Notes:

Bold

NA
t

Laboratory to be determined.
Achievable laboratory quantltatlon limit IS above the project action limit, however the MOL should be below the action
limit.
Not available
Arsenic and thallium to be analyzed by Method 6020, others by Method 6010B.

Sources in preferential order:
HH - EPA Region IX PRGs for reSidential use soils
RIDEM - Rhode Island Direct Exposure Criteria for Residential Soils
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TABLE 4-2A
GROUNDWATER - VOLATILE ORGANIC TARGET ANALYTES, METHOD 8260B

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION, NEWPORT, RHODE ISLAND

Project Project Achievable

Analytes
CAS Action Quantitation Laboratory Limits

Number Limit Limit MDLs
.

QLs
(J.L9/L)(1) (J.Lg/L) (J.Lg/L) (J.Lg/L)

Dlchlorodifluoromethane 75-71-8 390 1 1
Chloromethane 74-87-3 1 5 1 1
Bromomethane 74-83-9 0.87 1 1

Vinyl Chloride 75~1-4 0.02 1 1
Chloroethane 75-00-3 46 1 1
Methylene Chloride 75-09-2 4.3 1 1
Acetone 67-64-1 61 1 1
Methyl Acetate 79-20-9 610 1 1
Carbon Disulfide 75-15-0 100 1 1
Trichlorofluoromethane 75-69-4 130 1 1
1,1-Dichloroethene 75-35-4 34 1 1
1,1,2-Trichloro-1,2,2-trifluoro-ethane 76-13-1 5900 1 1
1,1- Dichloroethane 75-34-3 81 1 1
Methyl tert-Butyl Ether 1634-04-4 13 1 1
cis-1,2- Dichloroethene 156-59-2 61 1 1
trans-1,2- Dlchloroethene 156-60-5 12 1 1
Chloroform 67-66-3 6.2 1 1
1,2- Dichloroethane 107~6-2 0.12 1 1
2-Butanone 78-93-3 190 1 1
1,1,1-Trichloroethane 71-55-6 320 1 1
Cyclohexane 110-82-7 3500 1 1

Carbon Tetrachloride 56-23-5 0.17 1 1
Bromodichloromethane 75-27-4 0.18 1 1
Methylcyclohexane 108-87-2 520 1 1
1,2-Dichloropropane 78-87-5 0.16 1 1
cis-1,3- Dichloropropene 10061-01-5 NA 1 1
Trich loroethene 79~1~ 0.028 1 1

Dibromochloromethane 124-48-1 0.13 1 1
1,1,2- Trichloroethane 79~0-5 0.2 1 1

Benzene 71-43-2 0.34 1 1
Trans-1,3-Dlchloropropene 10061-02-6 NA 1 1

Isopropylbenzene 98-82-8 66 1 1

Bromoform 75-25-2 8.5 1 1

4-Methyl-2-Pentanone 108-10-1 16 1 1

2-Hexanone 591-78-6 NA 1 1

Tetrach lorethene 127-18-4 0.66 1 1

1,1,2,2- Tetrachlorethane 79-34-5 0.055 1 1

Toluene 108-88-3 72 1 1

1,2-Dibromoethane 106-93-4 0.00076 1 1
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TABLE 4-2A (cont.)
GROUNDWATER - VOLATILE ORGANIC TARGET ANALYTES, METHOD 8260B
DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL
NAVAL STATION, NEWPORT, RHODE ISLAND
PAGE 2 OF2

DRAFT FINAL

Project Project Achievable

Analytes
CAS Action Quantitation laboratory Limits

Number Limit Limit MDls
.

Qls
(~g/l)(1) (~g/l) (~g/l) (~g/l)

Chlorobenzene 108-90-7 11 1 1
Ethylbenzene 100-41-4 2.9 1 0.267 1
Styrene 100-42-5 160 1 0409 1
Total Xylenes 1330-20-7 21 1 0.546 1
1,3-Dichlorobenzene 541-73-1 0.55 1 0.302 1
1,4- Dichlorobenzene 106-46-7 0.5 1 0.161 1
1,2- Dichlorobenzene 95-50-1 37 1 0.181 1
1,2-Dibromo-3-chloropropane 96-12-8 0.048 1 0.569 1
1,2,4-Trichlorobenzene 120-82-1 19 1 0.743 1

Notes:
*
Bold
NA
(1 )
(2)

Laboratory to be determined.
Achievable laboratory detection limit IS above the project action limit.
Not applicable.
Region IX Preliminary Remediation Goals for Tap Water, unless othel'Wlse specified
Rhode Island GB Groundwater Objectives
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TABLE 4-2B
GROUNDWATER - SEMIVOLATILE ORGANIC TARGET ANALYTES, METHOD 8270C

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION, NEWPORT, RHODE ISLAND

Project Project Achievable

Analytes
CAS Action Quantitation Laboratory Limits

Number Limit Limit MDLs Qls
(llg/L)(11 (Ilg/l) (Ilg/l)

.
(Ilg/l)

Benzaldehyde 100-52-7 360 10 10
Phenol 108-95-2 2200 10 10

Bis-(2-Chloroethyl) ether 111-44-4 0.0098 10 10

2-Chlorophenol 95-57-8 3 10 10
2-Methylphenol 95-48-7 180 10 10

2,2-oxybis(1-Chloropropane) 108-60-1 0.27 10 10

Acetophenone 98-86-2 0.042 10 10
4-Methylphenol 106-44-5 18 10 10

N-Nitroso~i-n propylamine 621-64-7 0.0096 10 10
Hexach loroethane 67-72-1 4.8 10 10
Nitrobenzene 98-95-3 0.34 10 10
Isophorone 78-59-1 71 10 10
2-Nitrophenol 88-75-5 NA 10 I 10
2,4-Dimethylphenol 105-67-9 73 10 10
Bis(2-Chloroethoxy) methane 111-91-1 NA 10 10
2,4-Dichlorophenol 120-83-2 11 10 10

Naphthalene 91-20-3 0.62 10 10
4-Chloroaniline 106-47-8 15 10 10

Hexachlorobutadiene 87-68-3 0.86 10 10
Caprolactam 105-60-2 1800 10 10

4-Chloro-3-methylphenol 59-50-7 NA 10 10

2-Methylnaphthalene 91-57-6 NA 10 10
Hexachlorocyclopentadiene 77-47-4 22 10 10

2,4,6-Trichlorophenol 88-06-2 0.36 10 10
2,4,5-Trichlorophenol 95-95-4 360 25 25
1,1'-Biphenyl 92-52-4 30 10 10
2-Chloronaphthalene 91-58-7 49 10 10

2-Nitroaniline 88-74-4 0.1 25 25
Dlmethylphthalate 131-11-3 36,000 10 10

2,6-Dinitrotoluene 606-20-2 3.6 10 10

Acenaphthylene 208-96-8 NA 10 10

3-Nitroaniline 99-09-2 NA 25 25

Acenaphthene 83-32-9 37 10 10

2,4-Dinitrophenol 51-28-5 7.3 25 25

4-Nltrophenol 100-02-7 290* 25 25

Dibenzofuran 132-64-9 2.4 10 10

2,4-Dlnitrotoluene 121-14-2 7.3 10 10

Diethylphthalate 84-66-2 2,900 10 10

Fluorene 86-73-7 24 10 10

4-Chlorophenyl-phenyl ether 7005-72-3 NA 10 10

4-Nltroanillne 100-01-6 NA 25 25
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TABLE 4-2B (cont.)
GROUNDWATER - SEMIVOLATILE ORGANIC TARGET ANALYTES, METHOD 8270C
DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL
NAVAL STATION, NEWPORT, RHODE ISLAND
PAGE 2 OF 2

DRAFT FINAL

Project Project Achievable

Analytes CAS Number
Action Quantitation Laboratory Limits
Limit Limit MDLs QLs

(~g/L)(1) (~g/L) (~g/L>* (~gIL)

N-Nitroso diphenylamine 86-30-6 14 10 10
4-Bromophenyl-phenylether 101-55-3 NA 10 10

Hexachlorobenzene 118-74-1 0.042 10 10

Atrazine 1912-24-9 0.3 10 10

Pentachlorophenol 87-86-5 0.56 25 25
Phenanthrene 85-01-8 NA 10 10
Anthracene 120-12-7 180 10 10
Carbazole 86-74-8 3.4 10 10
Di-n-butylphthalate 84-74-2 360 10 10
Fluoranthene 206-44-0 150 10 10
Pyrene 129-00-0 18 10 10
Butylbenzylphthalate 85-68-7 730 10 10
3,3'-Dichlorobenzidine 91-94-1 150 10 10
Benzo (a) anthracene 56-55-3 0.092 10 10
Chrysene 218-01-9 9.2 10 10
bis(2-Ethylhexyl) phthalate 117-81-7 4.8 10 10
Di-n-octylphthalate 117-84-0 730 10 10
Benzo (b) fluoroanthene 205-99-2 0.092 10 10
Benzo (k) fluoroanthene 207-08-9 0.92 10 10
Benzo (a) pyrene 50-32-8 0.0092 10 10
Indeno (1,2,3-cd)-pyrene 193-39-5 0.092 10 10
Dibenzo (a,h)-anthracene 53-70-3 0.0092 10 10
Benzo (g,h,i) perylene 191-24-2 NA 10 10

Notes:.
Bold
NA

Laboratory to be determined.
Achievable laboratory quantitation limit is above the project action limit.
Not available

Sources In preferential order:
HH - EPA Region IX PRGs for residential use soils
RIDEM - Rhode Island Direct Exposure Cnteria for Residential SOils
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DRAFT FINAL

TABLE 4-2C
GROUNDWATER - PESTICIDE/PCB TARGET ANALYTES, METHOD 8081/8082

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION, NEWPORT, RHODE ISLAND

Project Achievable

CAS
Project

Quantitation Laboratory Limits
Analytes

Number
Action Limit

Limit .
(J.lg/L) (1) MDLs QLs

(J.lg/L) (J.lg/L) (J.lg/L)

alpha-BHC 319-84-6 0.011 0.050 0.050

beta-BHC 319-85-7 0.037 0.050 0.050

delta-SHC 319-86-8 NA 0050 0.050

gamma-SHC 58-89-9 0.052 0.050 0.050

Heptachlor 76-44-8 3.6(3) 0.050 0.050

Aldrin 309-00-2 0.004 0.050 0.050

Heptachlor epoxide 1024-57-3 36(3) 0.050 0050

Endosulfan I 959-98-8 NA 0.050 0.050

Dieldrin 60-57-1 0.0042 0.10 0.10

4,4'-00E 72-55-9 0.2 010 010

Endrin 72-20-8 1.1 010 0.10

Endosulfan II 33213-65-9 220 0.10 0.10

4,4'-000 72-54-8 0.28 0.10 0.10

Endosulfan sulfate 1031-07-8 NA 0.10 010

4,4'-00T 50-29-3 0.2 0.10 0.10

Methoxychlor 72-43-5 18 050 0.50

Endrin ketone 53494-70-5 NA 010 0.10

Endrin aldehyde 7421-93-4 NA 010 0.10

alpha-Chlordane 5103-71-9 02 0.050 0.050

gamma-Chlordane 5103-74-2 0.2 0050 0.050

Toxaphene 8001-35-2 0.061 5.0 5.0

Aroclor-1016 12674-11-2 1.0 1.0 1.0

Aroclor-1221 11104-28-2 0.034 2.0 2.0

Aroclor-1232 11141-16-5 0.034 1.0 1.0

Aroclor-1242 53469-21-9 0.034 1.0 1.0

Aroclor-1248 12672-29-6 0.034 1.0 1.0

Aroclor-1254 11097-69-1 0.034 1.0 1.0

Aroclor-1260 11096-82-5 0.034 1.0 1.0

Notes:
*
Bold
NA

Laboratory to be determined.
Achievable laboratory quantitation limit is above the project action limit.
Not available

Sources in preferential order:
HH - EPA Region IX PRGs for residential use soils
RIDEM - Rhode Island Direct Exposure Cntena for ReSidential Soils
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DRAFT FINAL

TABLE 4-2D
GROUNDWATER METALS TARGET ANALYTES, METHOD 6010B17470A

DRAFT FINAL WORK PLAN - FOCUSED SITE INSPECTION
SURFACE WARFARE OFFICERS SCHOOL

NAVAL STATION, NEWPORT, RHODE ISLAND

Project Achievable

CAS Number
Project Action Quantitation Laboratory Limits

Analytes Limit (J,lg/L) (1) Limit MDLs QLs
hlg/L) (J,lg/L)(3) (J,lg/L)

Aluminum 7429-90-5 3,600 200 200

Antimony 7440-36-0 1.5 8 8

Arsenic 7440-38-2 0.045 5 5

Barium 7440-39-3 260 200 200

Beryllium 7440-41-7 7.3 5 5

Cadmium 7440-43-9 1.8 2 2

Calcium 7440-70-2 NA 5000 5000

Chromium 7440-47-3 100 10 10

Cobalt 7440-48-4 73 50 50

Copper 7440-50-8 150 25 25

Iron 7439-89-6 1,100 100 100

Lead 7439-92-1 15 5 5

Magnesium 7439-95-4 NA 5000 5000

Manganese 7439-96-5 88 15 15

Mercury 7439-97-6 1.1 0.2 0.2

Nickel 7440-02-0 73 40 40

Potassium 7440-09-7 NA 5000 5000

Selenium 7782-49-2 18 5 5

Silver 7440-22-4 18 10 10

Sodium 7440-23-5 NA 5000 5000

Thallium 7440-28-0 0.24 5 5

Vanadium 7440-62-2 26 10 10

llnc 7440-66-6 1,100 20 20

Notes:
*
Bold
NA

Laboratory to be determined.
Achievable laboratory quantrtabon limit IS above the project action limit.
Not available

Sources in preferential order:
HH - EPA Region IX PRGs for reSidential use soils
RIDEM - Rhode Island Direct Exposure Cnteria for Residential Solis
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Source blanks will be designated such that they can clearly be identified as source blanks. The

designation must be able to be referenced to the source (e.g. DIUF or HPLC water) using the field

paperwork.

Source Blanks: SWOS-A-DIUF-SB##

Rinsate blanks will be identified using the code for the sample for which the tool was last used, the

identifier (RB), and its chronological number.

Rinsate Blanks: SWOS-A-SB01-0204-RB##

Trip blanks associated with groundwater will be designated so that they can clearly be identified as

aqueous trip blanks using an identifier (TB) and its chronological number. Trip blank associated with soil

samples will be identified as soil trip blanks.

Trip Blanks: SWOS-A-TB##

SWOS-S-TB##

groundwater

soil

Matrix spike samples are simply marked as Lab QC in the "Remarks" section of the chain of custody

Record form.

4.4.2 Sample Chain of Custody

Custody of samples must be maintained and documented at all times. To ensure the integrity of a

sample from collection through analysis, an accurate written record is necessary to trace the possession

and handling of the sample. This documentation is referred to as the "chain of custody". Chain of

custody begins when samples are collected in the field, and is maintained by storing the samples in

secure areas until custody can be passed on. All samples will be accompanied by a chain-of-custody

form that will describe the analytical parameters, and the persons who are responsible for its integrity.

Samples will be placed on ice and attended by TtNUS personnel or placed in locked vehicles or

designated storage areas until analysis or shipment to an off-site laboratory. Chain-of-custody

procedures are described in further detail in the SOPs presented in Appendix B of this work plan.
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4.5 CALIBRATION PROCEDURES

DRAFT FINAL

/

Field equipment reqUlnng calibration will be calibrated and operated in accordance with the

manufacturer's instructions and manuals. A log will be kept on site, documenting the periodic calibration

results for each field instrument. Field equipment will be calibrated in the morning, and the calibration

will be checked in the evening.

Calibration procedures for laboratory equipment used in the analysis of environmental samples will be

performed in accordance with NFESC requirements and contract requirements under the Master

Services Agreement (MSA) and the laboratory specifications Le., CLP deliverable requirements for level

IV data reports.

4.6 LABORATORY ANALYSIS

Samples collected will be analyzed for various parameters described in previous sections and listed in

Table 3-1 and 3-3.

The environmental samples collected for laboratory analysis during the field investigation will be

analyzed by a laboratory previously approved by the Navy. Standard EPA analytical procedures will be

employed, as depicted in Table 3-3. Validation of data will be performed according to EPA Region I Tier

II Validation as is appropriate for data used for evaluation of risk under CERCLA described in Section 2.6

of this work plan.

4.7 DATA REDUCTION, REVIEW, AND REPORTING

Laboratory analytical data will be reviewed by qualified TtNUS technical staff. Laboratory data will

und rgo a data validation equivalent to EPA Region I Tier II validation. Data validation memoranda will

be prepared and submitted to the project manager as a part of that activity. Data validation procedures

are described in Section 4.0 of this work plan.

Field data will be periodically reviewed by technical lead personnel and the TtNUS project manager to

ensure that the data that is collected is well documented, clearly described, and meets a standard

appropriate for the investigation and its ultimate use.
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4.8 INTERNAL QUALITY CONTROL

DRAFT FINAL

Section 4.2 discussed the types and frequency of quality control samples that will be prepared during the

field investigation activities for those samples to undergo laboratory analysis. The quantities of the

various types of the QC samples are shown in Table 3-4. Laboratory analysis will follow the QC criteria

described in the analytical procedures.

4.9 PERFORMANCE AND SYSTEM AUDITS

System audits will be performed as appropriate to ensure that the work is being implemented in

accordance with the approved project SOPs and in an overall satisfactory manner.

\

• The FOL will supervise and on a daily basis check to ensure that the equipment is thoroughly

decontaminated, samples are collected and handled properly, and the field work is accurately

and neatly documented.

• The data reviewer(s) will review the data and will check that the data was obtained through the

approved methodology, and that the appropriate level of QC effort and reporting were

conducted. The data validation effort will be supervised by the TtNUS CLEAN Quality

Assurance Manager or designee.

• The PM will oversee the FOL and data reviewer, and check that management of the acquired

data proceeds in an organized and expeditious manner.

4.10 DATA ASSESSMENT PROCEDURES

The following paragraphs describe the procedures used to evaluate data prior to inclusion and

description in the deliverable reports described elsewhere in this work plan.

4.10.1 Representativeness, Accuracy, and Precision

All laboratory data generated in the investigation will be assessed for representativeness, accuracy, and

precision, as described in Section 4.1. The completeness of the data will also be assessed by comparing

the acquired data to the project objectives to see that these objectives are being addressed and met.

The specific'information used to determine data precision, accuracy, and completeness will be provided

in the laboratory data packages.
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The PARCC parameter assessment will be conducted by qualified TtNUS personnel. The

representativeness of the data will be assessed by determining if the data are consistent with known or

anticipated chemical conditions and accepted principles.

Field measurements will be checked for completeness of procedures and documentation of procedures

and results.

Precision and accuracy will be determined using replicate samples and blank and spiked samples,

respectively. PARCC parameters are addressed in more detail in Section 4.1.

4.10.2 Data Validation

Samples will be analyzed for parameters described on Table 3-3 of this work plan. The VOC and SVOC

sample data will be validated using a Tier II validation protocol in accordance with Functional Guidelines

for Evaluating Environmental Analyses (U.S. EPA, December 1996). The pesticide/PCB sample data

will be validated using a Tier II validation protocol in accordance with Region I. EPA Laboratory Data

Validation Functional Guidelines for Evaluating Organic Analyses (U.S. EPA, February 2004). The TAL

metals analytical data will be validated using a Tier II validation protocol in accordance with Region I.

EPA-NE Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses (modified

February 1989). Use of these validation protocols is allowed under the NFESC (formerly NEESA)

guidelines and is described in the Navy Installation Restoration Laboratory Quality Assurance Guide,

Interim Document (revised February 1996), and the NEESA 20.2047B; June 1988 guidelines.

This level of validation is appropriate for data used for evaluation of risk under CERCLA described in

Section 2.6 of this work plan.

4.11 CORRECTIVE ACTION

The QA program will enable problems to be identified, controlled, and corrected. Potential problems

may involve non-conformance with the SOPs and/or analytical procedures established for the project, or

other unforeseen difficulties. Any person identifying an unacceptable condition will notify the FOL and

the PM. The PM, with the assistance of the Quality Assurance Manager and the project QAlQC officer,

will be responsible for developing and initiating appropriate corrective action and verifying that the

corrective action has been effective.

Corrective actions may include re-sampling and/or re-analysis of samples or modifying project

procedures. If warranted by the severity of the problem (for example, if a change in the approved work
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plan is required), the Navy will be notified in writing and their approval will be obtained prior to

implementing any change. Additional work that is dependent on a nonconforming activity will not be

performed until the source of the problem has been addressed.

4.12 DOCUMENTATION

A boundlweatherproof field logbook will be maintained by the FOL. The FOL or designee will record all

information related to sampling or field activities. This information may include sampling time, weather

conditions, unusual events, field r:neasurements, description of photographs, etc. The site logbook

maintained by the FOL will contain a summary of the day's activities and will reference any additional

field logbooks when applicable.

At the completion of field activities, the FOL will submit to the PM all field records, data, field notebooks,

logbooks, chain-of-custody receipts, sample log sheets, etc. The PM will ensure that these materials are

entered into the project file.

W5204306DF 4-24 CT0842



DRAFT FINAL

5.0 REPORTING

Following the completion of the field sampling and analytical work described in Section 3 of this work

plan, the results of the information collected will be described in the form of a Focused Site Investigation

(SI) report. The Focused SI report will contain seven major sections (detailed in the sections below), to

reflect the general outline of a Remedial Investigation report.

It is the intent of the Navy to provide the draft report with a recommendation for or against continued

actions of a (removal action, remedial investigation etc.). Such a recommendation will be based on the

type, concentrations, and likely origins of chemicals that are found to exceed the risk based criteria. It is

assumed that if the reviewers do not agree with the Navy's recommendation, a discussion can be held at

that time to determine an agreeable course of action.

5.1 FOCUSED SI REPORT

Section 1.0 of the Focused SI report will describe the site history, background, and purpose of the report.

The site background sections will include information from the Phase I Environmental Site Assessment

of the Surface Warfare Officers School site that was published in July 2001 as well as from the Final

Report and Risk Assessment for Worker Exposure at the SWOS Site. Any additional background

information discovered during this investigation will be described in detail and incorporated into the site

background section.

Section 2.0 of the Focused SI report will describe the site investigations which are the focus of this work

plan. Specifically, this section will be based on Section 3.0 of this work plan and on the modifications of

the field work, if any are made, during the period of activity.

Section 3.0 will describe the physical characteristics of the study area as they are observed at the time of

the investigation. This will include the major site surface features (buildings, roadways, fences, etc).

The site geology and hydrogeology will be described as determined by subsurface explorations

performed. Figures will be prepared depicting aerial and/or cross sectional views of site features

including: geology, maximum and minimum water table elevations and depth to bedrock. A shallow

groundwater map will be created using water table elevations from both SWOS and OFFTA wells to help

determine the groundwater flow direction in the area.

Section 4.0 of the Focused SI report will describe the contaminants found in various media during the

investigations described in this work plan. This section will be based on the results of the activities

described in Section 3.0 of this work plan and Section 2.0 of the Focused SI report. Summary tables of
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analytical data will be included for all of the matrices sampled. During the field work, source areas

identified or some of those originally targeted areas may be eliminated. All the chemical analytical data

generated from the field work will be summarized in this section. Comparisons of soil analytical results

will be made to background concentrations.

Figures to be included in Section 4.0 of the Focused SI report may include aerial and/or cross-sectional

views of the site. As appropriate, pertinent information such as concentration of contaminants, location

of samples, etc, will be included in the figures.

Section 5.0 of the Focused SI report will describe the expected transport mechanisms available to the

primary site contaminants. This effort will focus on development of the first tiers of the conceptual site

model presenting site contaminants, background conditions and contaminant fate. The conceptual model

will be supported by discussion on the potential chemical and physical processes that influence

movement and decomposition of site specific contaminants.

Section 6.0 will present the data assessment (see Section 5.2 of this work plan).

Section 7.0 of the Focused SI report will describe conclusions of the report. The conclusions of the

Focused SI will be limited to an assessment of the presence or absence of site specific contaminants,

discussion of a possible relationship of the adjacent OFFTA site (Site 09) to the SWOS site and a

summary of exceedences of human health risk-based criteria (RBCs). Finally, a recommendation will be

made regarding the need for or lack of a need for continuation of work at this site. If additional work is

warranted, the recommendations will provide possible approaches such as removal actions or additional

investigations.

5.2 DATA ASSESSMENT

Section 6.0 of the Focused SI report will consist of the data assessment as described below.

Chemical concentrations detected in soil will be compared with criteria including Region IX Residential

Preliminary Remedial Goals (PRGs) (EPA, 2002), RIDEM Direct Exposure Criteria for Residential Soil

(RIDEM, 2004), and background data set established for the adjacent OFFTA site (TtNUS, 2000).

Chemical concentrations in groundwater will be compared with MCLs, Region IX PRGs for tap water (for

comparison purposes only), and RIDEM criteria for GB groundwater, which is the classification for this

site.
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Contaminants detected will be eliminated as chemicals of potential concern (COPCs) at the site if the
I

maximum concentration for the chemical is less than applicable screening criteria (groundwater and soil),

and if the representative concentrations are below background concentrations (soil).

Chemicals that lack toxicity values will be evaluated qualitatively. The qualitative evaluation will include

a discussion of the presence of the chemical at the specific sample stations where it was detected, a

discussion of the toxicity of similar chemicals found at these stations or elsewhere at the site (if

applicable, and a determination of impact of this chemical on the risk assessment results (Le., will the

omission of this chemical from a quantitative risk assessment, if one were performed, be significant or

not).

Chemicals that are breakdown products of selected COPCs or chemicals that are in the same family as

selected COPCs (e.g. carcinogenic PAHs and PCBs) will also be included as COPCs. The final list of

COPCs will be provided for discussion regarding the need for further human health risk analysis.

A comparison to ecological screening benchmarks will not be performed as part of this focused site

inspection. The majority of the site is covered either by the SWOS Applied Instruction Building or

asphalt-paved parking which limit ecological exposure pathways.
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This procedure provides general guidance and information pertaining to proper monitoring well design,
installation, and development.

2.0 SCOPE

This procedure is applicable to the construction of monitoring wells. The methods described herein may
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory
agencies have specific regulations pertaining to monitoring well construction and pennitting. These
requirements must be determined during the project planning phases of the investigation, and any
required pennits must be obtained before field work begins. Innovative monitoring well installation
techniques, which typically are not used, will be discussed only generally in this procedure.

3.0 GLOSSARY

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring
wells may be constructed as open boreholes.

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the bottom
and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in
size from 1/2-inch-diameter plastic tubes to well points or monitoring wells.

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to
the screened aquifer.

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, ,hardened point at one end, which is attached to a riser pipe and driven into the ground with
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection
and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples for water
quality data.

4.0 RESPONSI~ILITIES

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an'
experienced and efficient labor force capable of perfonning all phases of proper monitoring well
installation and construction. The driller may also be responsible for obtaining, in advance, any required
pennits for monitoring well installation and construction.

Field Geologist - The field geologist supervises and documents well installation and construction
performed by the driller, and insures that well construction is adequate to provide representative
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable
trained personnel may also serve in this capacity.

019611/P Tetra Tech NUS, Inc.



Subject
GROUNDWATER MONITORING
WELL INSTALLATION

5.0 PROCEDURES

5.1 Eguipmentlltems Needed

"

{' "
Number '

GH-2.8

Revision
3

Page
3 of 12

Effective Date
09/03

Below is a list of items that may be needed when installing a monitoring well or piezometer:

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer.

• Well drilling and installation equipment with associated materials (typically supplied by the driller).

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule,
-electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook).

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe
wrenches, drive points, riser pipe, and end caps).

5.2 Well Design

The objectives and intended use for each monitoring well must be clearly defined before the monitoring
system is designed. Within the monitoring system, different monitoring wells may serve different
purposes and, therefore, require different types of construction. During all phases of the well design,
attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials used. The objectives for installing the monitoring wells may include:

• Determining groundwater flow directions and velocities.
• Sampling or monitoring for trace contaminants.
• Determining aquifer characteristics (e.g., hydraulic conductivity).

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow
direction. In most cases, groundwater flow directions and potential well locations can be determined by an
experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data from
production ~ells or other monitoring wells in the area may be used to determine the groundwater flow
direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, may
have to b~ installed in a preliminary investigative phase to determine groundwater flow direction.

5.2.1 Well Depth, Diameter, and Monitored Interval

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of ach
investigation. Specification of these items generally depends on the purpose of the monitoring system
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter,
and monitored interval can' be employed in the same groundwater monitoring system. For instance,
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples
collected in wells that are screened over the full thickness of the water-bearing zone will be representative
of average conditions across the entire monitored interval. However, fully penetrating wells can be used
to establish the existence of contamination in the water-bearing zone. The well diameter desired dep~nds

upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and
cost. '
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The decision concerning the monitored interval and well depth is based on the following (and possibly
other) Information:

• The vertical location of the contaminant source in relation to the water-be'aring zone.

• The depth, thickness and uniformity of the water-bearing zone.

• The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the
contaminant plume.

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge
events).

• The presence and location of contaminants encountered during drilling.

• Whether the purpose of the installation is for determining existence or non-existence of contamination
or if a particular stratigraphic zone is being investigated.

• The analysis of borehole geophysical logs.

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate
measuremerit of the potentiometric head at a specific point).

Many factors influence the,diameter of a monitoring well. The diameter of the monitoring well depends on
the application. In determining well diameter, the following needs must be considered:

• Adequate water volume for sampling.
• Drilling methodology.
• Type of sampling device to be used.
• Costs.

Standard monitoring well diameters are 2,4,6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch­
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling'
devices that can be used are limited.

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water
may be required for a single sample to account for full organic and inorganic analyses. and split samples),
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water
contained within a monitoring well is dependent on the well diameter as follows:

Casing Inside
Diameter (Inch)

2
4
6

Standing Water Length to Obtain
1 Gallon Water (Feet)

6.13
1.53
0.68

If a well recharges quickly after purging, then well diameter may not be an important factor regarding
sample volume reqUIrements.
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during
drilling or after well installation is completed.

5.2.2 Riser Pipe and Screen Materials

Well materials are specified by diameter, type of material, and thickness of pfpe. Well screens require an
additional !>pecification of slot size. Thickness of pipe is referred to as ·Schedule" for polyvinyl chloride
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With larger
diameter pipe, the wall thickness must be greater to maintain adequate strength. The required thickness
is also c;J~pendent on the method of"installation; risers for drive points require greater strength than wells
installed inside drilled borings.

, The selection of well screen and riser materials depends on t~e method of drilling, the type of subsurface
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Teflon,
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B.
Stainless steer" is a good choice where trace metals or organic sampling is required; however, costs are
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity
for water contamination due to well materials. PVC has many advantages, including low cost, excellent
availability, light weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an
important factor when considering the size of bailers or pumps required for sampling or testing. Due to
this p(oblem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch 1.0.

, -

, 'Screens and risers'may have to be decontaminated before use because oil-based preservatives and oil
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode
and release metal ions or chemically react with organic constituents, but this is considered a minor issue.
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC
may release organic contaminants into the well, and therefore, should not be used if the well is to be
sampled for organic constituents.

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well
screen is often, not necessary (the well is simply an open hole in bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used
when a screen is necessary, and the annular borehole space around the screened interval is artificially
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist
shall specify the combination of screen slot size and sand pack which will be compatible with the water­
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the
wells. For example, as a standard procedure, a Morie No.1 or No. 10 to No. 20 U.S. Standard Sieve size
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard
Sieve size filter pack is typically appropriate for a 0.01 a-inch slot screen.
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Materials placed in the annular space between the borehole and riser pipe and screen include a sand
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium­
to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened interval,
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then
placed to extent from the top of the bentonite pellets to the ground surface.

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is
allowed to collapse around the well screen after the well is installed. This method has been used where
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible
due to borehole collapse.

Bentonite expands by absorbing water and provides a seal between the screened interval and the
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the
bentonit~ pellets, extending to the surface. The grout effectively seals the remaining borehole annulus
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces
material removed during drilling and prevents hole collapse and subsidence a~ound the well. A tremie
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide a
better seal. ,In shallow boreholes that don't collapse, it may be more practical to pour the grout from the
surface without Ii tremie pipe.

Grout is a general term which has several different connotations. For all practical purposes within the
monitoring well installation industry, grout refers to the solidified material which is installed and occupies
the ,annular: l?pace above- the bentonite pellet seal. Grout, most of the time, is made up of one or two
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite,
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of
ben!onite pellets is difficult. < Bentonite chips are also occasionally used for annular backfill in place of
grout.

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation depth.
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand. A
short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that
the entire screen surface remains unobstructed.

5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is typically placed over
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The
protective casing has a larger diameter than the well and is set into the wet cement grout over the well
upon completion. In addition, one hole is drilled just above the cement collar through the protective casing
which acts as a weep hole for the flow of water which may enter the annulus during well development,
purging, or sampling.
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away
from the well head. -

• 5.3 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
of various types of monitoring wells.

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being placed. If the
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be
installed and well installation will proceed through the center of the temporary casing, and continue as the
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers will
act to stabilize the borehole during well installation.

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are
screwed flush together:

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed.
A weighted tape measure must be used during the installation procedure to, carefully monitor installation
progress. ",,:he sand is slowly poured into the annulus between the riser pipe and tempora'ry casing, as the
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur.
Centralizers may be used at the geOlogist's discretion, one above and one below the screen, to assure
enough annular space for sand pack placement.

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the
bentonite pellet seal '(or equivalent), can be installed in the same manner as the sand pack. At least
1 to 3 feet of bentonite pellets should be, installed above the-sand pack. Pellets should be added slowly
and their fall monitored closely to ensure that bridging does not occur.

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4.

5.3.2 Confining Layer Monitoring Wells

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied
to avoid cross contamination between aquifers. . Under most conditions, this can be accomplished by
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper
aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting
a large-diameter casing into the confining layer. The grout material must fill the space between the native
material and the outer casing. A smaller diameter boring is then continued through the confining layer for
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installation of the monitoring well as detailed for overburden monitoring wells. Sufficient time (determined
by the field geologist), must be allowed for setting of the grout prior to drilling through the confined layer.

5.3.3 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and
approximately 5 -10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted or
tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock to
the desired depth. . If the boring does not collapse, the well can be left open, and a screen is not
necessary. If the boring collapses, then a screen is required and can be installed as detailed for
overburden monitoring wells. If a screen is to be used, then the casing which is installed through the
overburden and into the bedrock does not require grouting and can be removed when the final well
installation is completed.

5.3.4 Drive Points

Drive points can be installed with either a sledge hammer. drop hammer, or a mechanical Vibrator. The
screen section is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply
pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and
pulley setup is required to lift the hammer. Drive points typically cannot be manually driven to depths
exceeding 10 feet.

Direct push sampling/monitoring point installation methods, using a direct push rig or drilling rig, are
described in SOP SA-2.5.

5.3.5 Innovative Monitoring Well Installation Techniques

Certain innovative sampling devices have proven advantageous. These devices are essentially screened
samplers installed in a borehole with only small-diameter tubes extending· to the surface. This r duces
drilling costs, decreases the volume of stagnant water, and provides a sampling system that minimizes
cross-contamination from sampling equipment. Four manufacturers of these samplers include Timco
Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, BARCAD Systems, Inc., of Concord,
Massachusetts, Westbay Instruments Ltd. of Vancouver, British Columbia, Canada and the University of
Waterloo at Waterloo, Ontario, Canada.. Each manufacturer offers various construction materials.

5.4 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
operations. Wells are typically developed until all fine material and drilling water is removed from the w II.
Sequential measurements of pH, conductivity, turbidity, and temperature taken during development may
yield information (stabilized values) regarding whether sufficient development has been performed. The
selection of the well development method shall be made by the field geologist and is based on the drilling
methods, well construction and installation details, and the characteristics of the formation that the well is
screened in. The primary methods of well development are summarized below. A more detailed
discussion may be found in Driscoll (1986).

5.4.1 Overpumping and Backwashing

Wells may be developed by alternatively draWing the water level down at a high rate (by pumping or
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the
formation. This back and forth movement of water through the well screen and gravel pack serves to

•
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remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of
sand grains. Backwashing can be accomplished by several methods, including pouring water into the well
and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water into
the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when
backwashing not to applY,too much pressure, which could damage or destroy the well screen.

5.4.2 Surging with a Surge Plunger

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the
screens. This movement of water pulls fine materials into the well, where they may be removed by any of
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging.

5.4.3 Compressed Air

Compressed air can be used to develop a well by either of two methods: backwashing or surging.
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should be
taken when using this method so that the water level does not drop below the top of the screen, thus
introducing air into the formation and reducing well yield. Surging, or the "open well" method, consists of
alternately releasing large volumes of air suddenly into an open well below' the water level to produce a
strong surge by virtue of the resistance of water head, friction, and inertia. Pumping of the well is
subsequently done using the air lift ~ethod.

5.4.4 High Velocity Jetting

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and
throiJgh the well screen to loosen fine particles from the sand pack and surrounding formation. The j tting
tool is slowly rotated and raised and lowered along the length of the well screen to develop the entire
screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into
the screen during this process can then be bailed or pumped from the well.

6.0 RECORDS

A critical part of monitoring well installation is recording of all significant details and events in the site
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological
features, screen placement, gravel pack placement, and bentonite placement.

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) sha!1 be completed, ensuring the uniform
recording of data for each installation and rapid identification of missing information. Well depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type of all
backfill materials shall be recorded. Additional information shall include location, installation date,
problems encountered, water levels before and after well Installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questionable sample validity. Somewhat different information will
need to be recorded, depending on whether the well is completed in overburden (single- or dOUble-cased),
as a cased well in bedrock, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular
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space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as
a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials.
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee.

7.0 REFERENCES

Scalf, M. R., J. F. McNabb, W. J. Dunlap, R. L. Cosby, and J. Fryberger, 1981. Manual of Groundwater
Sampling Procedures. R. S. Kerr Environmental Research Laboratory, Office of Research and
Development, U.S. EPA, Ada, Oklahoma.

Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide to the selection of Materials for Monitoring
Well Construction and Groundwater Sampling. ISWS Contract Report 327, Illinois State Water Survey,
Champaign, Illinois.

U.S. EPA, 1980. Procedures Manual for Groundwater Monitoring of Solid Waste Disposal Facilities.
Publication SW-611, Office of Solid Waste, U.S. EPA, Washington, D.C.

Driscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989.

019611/P Tetra Tech NUS, Inc.



Subject Number Page
GROUNDWATER MONITORING GH-2.8 11 of 12
WELL INSTALLATION Revision Effective Date

3 09/03

ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENn
Potentially-Deteriorating Type of Casing Material
Substance

PVC 1 Galvanized Carbon Lo-carbon Stainless Stainless Teflon*
Steel Steel Steel Steel 304 Steel 316

Buffered Weak Acid 100, 56 51 59 97 100 100
Weak Acid 98 59 43 47 ' 96 100 100
Mineral Acid! 100 48 57 60 80 82 100
Hiah Solids Content
AqueOUS/Organic 64 69 73 73 98 100 100
Mixtures
Percent Overall RatinQ 91 58 56 59 93 96 100

Preliminary Ranking of Rigid Materials:
,-

,1 Teflon• 5 Lo-Carbon Steel
2 - Stainless Steel 316 6 Galvanized Steel
3. Stainless Steel 304 7 Carbon Steel .
4 PVC 1

.. Trademark of DuPont
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially- Type of Casing Material
Deteriorating
Substance

PVC PP PE PE PMM Viton¥* Silicone' Neoprene Teflon....
Flexible Conv. Linear

Buffered Weak Acid 97 97 100 97 90 "92
.

87 85 100
Weak Acid 92 90 94 ' 96 78 78 75 75 100
Mineral Acid! 100 100 100 100 95 100 78 82 100
HiQh Solids Content
Aqueous/Organic 62 71 40 60 49 78 49 44 100
Mixtures
Percent Overall 88 90 84 88 78 87 72 72 100
Rating

Preliminary Ranking-of Semi-Rigid or Elastomeric Materials:

1 Teflon
e

S PE Conventional
2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM)
3. PVC FlexiblelPE Linear 7 Silicone/Neoprene
4 Viton

..

* Trademark of DuPont -

Source: Barcelona et aI., 1983

0

019611/P Tetra Tech NUS, Inc.



Subject Number Page

GROUNDWATER MONITORING GH-2.8 12 of 12
WELL INSTALLATION Revision Effective Date

3 09/03

ATTACHMENT 8

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION
Characteristic Stainless Steel PVC

Strength Use in deep wells to prevent Use when shear and compressive
compression and closing of strength are not critical.
screen/riser.

Weight Relativelv heavier. Liqht-weiqht; floats in water.
Cost Relatively eXDensive. Relativelv inexDensive.
Corrosivity Deteriorates more rapidly in corrosive Non-corrosive -- may deteriorate in

water. presence of ketones, aromatics, alkyl
sulfides, or some chlorinated
hydrocarbons.

Ease of Use Difficult to adjust size or length in the Easy to handle and work with in the
field, field.

Preparation for Should be steam cleaned if organics Never use glue fittings -- pipes should
Use will be subsequently sampled. be thread~d or pressure fitted. Should

be steam cleaned when used for
monitorina wells.

Interaction with May sorb organic or Inorganic May sorb or release organic
Contaminants* substances when oxidized. substances.

* See also Attachment A.

otl
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The purpose of this procedure is to provide a basic understanding of developing contour maps and the
approaches used to identify and quantify the direction and rate of groundwater flow and contaminant
plume movement.

2.0 SCOPE

This procedure provides only a general overview of the field techniques, mathematical and physical
relationships and data handling procedures used for determining groundwater flow direction and rate.
The references identified herein can provide a more complete explanation of particular methods cited, as
well as a more comprehensive discussion on the interpretation of hydrogeologic data.

3.0 GLOSSARY

AqUifer - A geologic formation capable of transmitting usable quantities of groundwater to a well or other
discharge point.

Aquitard - A geologic formation which retards the flow of groundwater due to its low permeability.

Confined AqUifer - An aquifer that is overlain and underlain by zones of lower permeability (aquitards). If
the aquifer is "artesian," the potentiometric head of the aquifer at a given point is higher than the top of the
zone comprising the aqUifer at that point.

Equipotential Line - A line connecting points of equal elevation of the water table or potentiometric
surface. Equipotential lines on the water table are also called water table contour lines.

Flow Line - A flow line indicates the direction of groundwater movement within the saturated zone. Flow
lines are drawn perpendicular to equipotential lines.

Flow Net - A diagram of groundwater flow showing flow lines and equipotential lines.

Hydraulic Conductivity (K) - A quantitative measure of the ability of porous material to transmit water.
Volume of water that will flow through a unit cross sectional area of porous material per unit time under a
head gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid.

Hydraulic Gradient (i) - The rate of change of hydraulic head per unit distance of flow at a given point and
in the downgradient direction.

Hydraulic Head - The height to which water will rise inside a well casing, equal to the elevation head plus
the pressure head. In a well screened across the water table, hydraulic head equals the elevation head,
as the pressure head equals O. In wells screened below the water table in an unconfined aquifer or
screened at any interval within a confined aquifer, the head is the sum of the elevation of the aquifer (the
elevation head) and the fluid pressure of the water confined in the aqUifer (the pressure head).

Potentiometric (piezometric) Surface - A hypothetical surface that coincides with the static level of the
water in an aquifer (i.e., the maximum elevation to which water will rise in a well or piezometer penetrating
the aquifer). The term "potentiometric surface" is usually applied to confined aquifers, although the water
table is the potentiometric surface of an unconfined aquifer.

Unconfined Aquifer - An aquifer in which the water table forms the upper boundary.
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Water Table - The surface in the groundwater system at which the fluid pressure is equal to atmospheric
pressure (Le., the net pressure head is zero) and below which all strata are saturated with water.

4.0 RESPONSIBILITIES

Project Hydrogeologist - The project hydrogeologist has overall responsibility for obtaining water level
measurements and developing groundwater contour maps. The hydrogeologist (with the concurrence of
the Project Manager) shall specify the reference POint from which water levels are measured (usually a
specific point on the upper edge of the inner well casing), the number of data points needed and which
wells shall be used for a contour map, and how many complete sets of water levels are required to
adequately define groundwater flow directions (e.g., if there are seasonal variations).

Field Personnel - All supporting field personnel must have a basic familiarity with the equipment and
procedures involved in obtaining water levels, and must be aware of any project-specific reqUirements.

5.0 PROCEDURES

5.1 Potentiometric Surface Mapping

5.1.1 Selection of Wells

All wells used to prepare a flow net in a plan or map view should represent the same hydrogeologic unit,
be it aquifer or aquitard. All water level measurements used shall be collected on the same day,
preferably within 2-3 hours. This is especially important when working in an area where groundwater
levels are tidally influenced or influenced by pumping.

The recorded water levels, monitoring-well construction data, site geology, and topographic setting must
be reviewed to ascertain that the wells are completed in the same hydrogeologic unit and to determine if
strong vertical hydraulic gradients may be present Such conditions will be manifested by a pronounced
correlation between well depth and water level, or by a difference in water level between two wells located
near each other but set to different depths or having different screen lengths. Professional judgment of
the hydrogeologist is important in this determination. If vertical gradients are significant, the data to be
used must be limited vertically, and only wells finished in a chosen vertical zone of the hydrogeologic unit
can be used.

At least three wells must be used to provide an estimation of the direction of groundwater flow; information
from many more wells are needed to provide an accurate contour map. Generally, shallow systems
require data from more wells than deep systems for accurate contour mapping. Potentiometric surface
mapping for shallow flow systems also requires water level measurements from nearby surface water
bodies. -

5.1.2 Water Level Measurements

After selection of the wells to be used for mapping, the next step in determining the direction of
groundwater flow is to obtain water level elevations from the selected points. In addition, any other readily
available wells/surface water bodies should be measured to ensure that sufficient data are available for
interpretation purposes.
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Elevations are obtained from measurements of the depth to water in a monitoring well or piezometer taken
from the top of the well casing (see SOP GH-1.2) and then referencing the elevation of the casing to a
chosen and consistent datum point, usually mean sea level. Subtracting the depth to water from the
casing elevation provides the elevation of the potentiometric surface. Elevations of points and areas of
groundwater discharge or recharge such as springs, seeps, streams, rivers, and lakes also need to be
determined, typically through staff gauge measurements. Comparison of these elevations, which
represent hydraulic heads, will reveal the direction of flow because groundwater flows from areas of high
head to areas of low head.

5.1.3 Construction of Equipotential Lines

Graphical methods available for depicting the flow of groundwater include the use of equipotential lines
and flow lines to construct potentiometric surface maps and vertical flow nets. If the hydrogeologic
system consists of a water table aquifer and one or more confined aqUifers, separate contour maps
should be prepared for each aquifer system. Water table maps should be developed using water level
measurements obtained from monitoring wells screened at the unsaturated-saturated interface. Water
level measurements collected from monitoring wells screened in the deeper portions of an unconfined
aquifer should generally be contoured as a separate potentiometric surface map. Surface water
discharge or recharge features are contoured in the water table system. Vertical flow nets should be
constructed using a cross section aligned parallel to the direction of groundwater flow. All water level
measurements along this cross section, both deep and shallow, are used in developing eqUipotential lines
and flow lines for the flow net.

To construct equipotential lines, water level elevations in the chosen wells are plotted on a site map.
Other hydrogeologic features associated with the zone of interest - such as seeps, wetlands, and
surface-water bodies - should also be plotted along with their elevations.

The data should then be contoured, using mathematically valid and generally accepted techniques.
Linear interpolation is the most commonly used technique. However, quadratic interpolation or any
technique of trend-surface analysis or data smoothing is acceptable. Computer-generated contour maps
may be useful rough mapping of large data sets; however, final, detailed mapping must always be
performed by hand by an experienced hydrogeologist. Contour lines shall be drawn as smooth,
continuous lines which never cross one another.

Inspect the contour map, noting known features, such as pumping wells and site topography. The contour
lines must be adjusted utilizing the professional judgment of the hydrogeologist in accordance with th se
features. Closed contours should be avoided unless a known groundwater sink (Le., pumping well) or
mound exists. Groundwater mounding is common under landfills and lagoons; if the data Imply this, the
feature must be evident in the contour plot.

5.1.4 Determination of Groundwater-Flow Direction

Flow lines shall be drawn so that they are perpendicular to equipotential lines. Flow lines will begin at
high head elevations and end at low head elevations. Closed highs will be the source of additional flow
lines. Closed depressions (Le., wells) will be the termination of some flow lines. Care must be used in
areas with significant vertical gradients to avoid erroneous conclusions concerning gradients and flow
directions.
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5.2 Groundwater Flow Considerations

Groundwater movement is an integral part of the hydrologic cycle. Recharge to the shallow groundwater
environment generally occurs by infiltration of precipitation through an upper unsaturated soil zone.
Movement is downward under the force of gravity until the water reaches the saturated zone of the water
table aquifer. Once water is part of the water table aquifer, movement is controlled by differences in
hydraulic head, with movement from areas of high head to areas of low head. Areas of low head include
natural discharge areas such as springs, lakes, rivers, and, ultimately, the ocean. These features can be
considered as outcrops of the water table. Points of low head also are created by pumping wells.

Local head differences and consequent vertical flow pattems within an aquifer can be detected by well
clusters. A well cluster consists of several adjacent wells, generally installed within a few feet of each
other. and screened at different depths. Variations in water levels in these closely spaced wells indicat s
the vertical component of groundwater flow Within an aquifer, proVided that the wells are all screened
within the same aquifer.

The number, location, and extent of geologic units and their properties with regard to aquifer or aq'uitard
characteristics must be understood to properly interpret water level data gathered from the monitoring
system. This firm understanding of the hydrogeologic system must be developed through a program of
borings, wells, and interpretation of subsurface geology. The adequacy of the positions and depths of
boringslwells used to define relevant subsurface hydrogeologic conditions must also be assessed. The
location of surface water discharge or recharge points must be considered. Surface water features
influence the system, as flow is most likely toward them (if they are discharge points) or away from them
(if they are recharge points). Man-made discharge or recharge features such as pumping or injection
wells, ditches, and trenches can also affect the flow of groundwater.

5.3 Detennination of Flow Rate

Darcy's Law states that the quantity of water flOWing through a geologic material is dependent upon the
permeability of the material, the hydraulic gradient, and the cross sectional area through which the water
flows. This relation is expressed in the equation:

Q = KiA

where:

Q =
K =
i =
A =

volume of water flowing through the cross sectional area of the formation (L3fT).
hydraulic conductivity (LIT).
hydraulic gradient (UL, Le., dimensionless).

cross sectional area of formation being considered (L2).

The relation is similar to one used in stream flow measurements where:

Q = VA

where:

0196111P

Q
V
A

=
=
=

discharge from the cross sectional area of a stream or pipe (L3fT).
average velocity of flowing water (UT).
cross sectional area through which water flows (L2).
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The velocity of water movement in a geologic formation depends on the specific formation properties and
the head differences across the formation. This relation is defined in the equation:

v = Ki
n

where:

V =
K =
i =
n =

average linear velocity of groundwater through the formation (LIT)
hydraulic condUctivity (LIT)
hydraulic gradient (dimensionless)
porosity (expressed as a fraction).

Values of porosity for several geologic materials are given in Attachment A. More accurate and specific
values of porosity can be obtained by laboratory analysis of a formation sample or from an unconfined
aquifer pumping test.

Hydraulic conductivity is related to the permeability of the formation and depends on the size and
interconnection of the pore spaces. In isotropic and homogeneous formations, the hydraulic conductivity
will be the same vertically and horizontally. In anisotropic formations, horizontal and vertical conductivity
can be markedly different and the vertical hydraulic conductivity can be up to several orders of magnitude
lower than the horizontal hydraulic conductivity. Typically, most formations are anisotropic with horizontal
hydraUlic conductivities at least several times as high as the vertical hydraUlic conductivities.

Generally, hydraulic conductivities are high for sands, gravels, and limestone containing large solution
cavities and low for silts, clays, and tightly fractured rock. Attachment A gives values of hydraulic
conductivity for several geologic materials. More accurate values can be obtained during field testing of
aquifers or from laboratory measurements on undisturbed cores. Results from field testing usually
provide higher (and more representative) hydraulic conductivities than laboratory testing becaus full­
scale field testing includes the effects of the formational macrostructure (i.e., secondary permeability due
to jointing or fractures) which is not reflected in the testing of a small sample in the laboratory.

The hydraulic gradient, i, is determined from field measurements of hydraUlic head obtained from water
level measuring points. Do not measure gradient from well to well; measure across equipotential lines
that are drawn based on thewell (and other) data. Once a potentiometric surface map has been
generated using the hydraUlic head data, the hydraulic gradient can be calculated using the following
formula:

. dh
1=-

dl
where:

dh
dl

=
=

change in head (L)
distance between equipotential lines (L)

The hydraulic gradient along any flow line can be calculated from a potentiometric surface map by dividing
the change in head by the length of the flow line, typically beginning and' ending at equipotential lines.
The longer the distance over which the head change is measured, the more representative the gradient is
of overall conditions.
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When chemical solutes are traveling in groundwater, as in cases of groundwater contamination, the
calculated groundwater velocity may predict migration rates In excess of what is actually observed. The
difference in chemical versus water velocities may be due to attenuation or biodegradation of the chemical
species in the aquifer. Attenuation is most often caused by adsorption of the chemical contaminant onto
the formation grains or matrix. The result is that the chemical does not appear at the downgradient
sampling point as quickly as the velocity calculation predicts. An equation to correct for this attenuation
is:

where:

Vc =
Vw =
Pb =
n =
I<.i =

velocity of the chemical solute flow (LIT)
velocity of groundwater flow (LIT)
formation mass bulk density (M/L3)

formation porosity (expressed as a fraction)
distribution coefficient = (L3/M)

The I<.i is equal to the mass of solute per unit mass of solid phase divided by the concentration of solute in
solution. The term in the denominator is known as the retardation factor.

Density and/or viscosity differences between water and contaminants can also cause velocity
determination errors. Light hydrocarbons such as gasoline are less dense than water and consequently
float on the water table. These contaminants can migrate along the water table surface at rates faster or
slower than the rate of groundwater movement, depending on specific conditions, and may also volatilize
into unsaturated soil pore spaces. Oils are more viscous than water and will typically migrate more slowly
due to the viscosity difference. Contaminants denser than water such as heavy hydrocarbons (e.g., coal
tar) or chlorinated compounds (e.g., TCE, PCE) tend to sink to the bottom of an aquifer if present in
concentrations exceeding their solubility limit (these chemicals are often referred to as dense,
nonaqueous phase liquids, or DNAPLs if present as a separate-phase liquid). Here, the contamination
may move at faster or slower rates than the overlying groundwater or may actually move in a direction
opposite to that of the groundwater. depending on the geologic characteristics of the aquifer base and
direction of dip of the underlying aquitard.

Other factors involVing the physicochemical interaction between the chemical and the groundwater, such
as dilution (mixing contaminated water or chemicals with additional quantities of groundwater) and
dispersion (moleCUlar diffusion of the chemical throughout the groundwater regime), can also affect the
observed rates of travel of contaminants in groundwater. In addition to such physicochemical
characteristics, all of the aqUifer and aquitard properties and groundwater flow characteristics described
above must be known so that adequate and accurate estimations of the extent and rate of groundwater
contaminant migration can be developed.

6.0 REFERENCES

Cedergren, H. R, 1977. Seepage, Drainage and Flow Nets (Second edition). John Wiley and Sons,
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ATTACHMENT A

GENERALIZED POROSITY AND HYDRAULIC CONDUCTIVITY
VALUES FOR GEOLOGIC MATERIALS

Material Porosity Hydraulic Conductivity Range
Range

(%)
cm/sec ftIday

Gravel 30-40 10-1 to 10-2 280 to 2.8 x 105

Coarse sand (clean) 30-40 10-1 to 1 280 to 2,800
Medium sand (clean) 35-45 10-2 to 10-1 28 to 280
Fine sand (clean) 40-50 5 x 10-4 to 10-2 1.4 to 28
Silty sand 25-40 1O-S to 10-2 0.03 to 280
Glacial Till Variable 10-10 to 10-4 3 X 10-1 to 0.3
Unweathered Clay/Shale 45-55 (clay) 10-7 to 10-4 3 X 10-4 to 0.3

(horizontal)
10-10 to 10-6 3 X 10-1 to 3 X 10-3

(vertical)
Karst Limestone - 10-4 to 10.1 0.3 to 2,800
Fractured - 10-6 to 10-1 3 X 10-3 to 280
Igneous/Metamorphic Rocks
Sandstone 5-30 10-8 to 10-4 3 X 10-6 to 0.3

Source: References 1 and 2

,
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1.0 PURPOSE

The purpose of this procedure is to provide general reference information on Direct Push Technology
(OPT). OPT is designed to collect soil, groundwater, and soil gas samples without using conventional
drilling techniques. The advantage of using OPT over conventional drilling includes the generation of little
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance
requirements, no fluid introduction during probing, and typical lower costs per sample than with
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological
environments), reduced capability of obtaining accurate water-level measurements, and the inability to
install permanent groundwater monitoring wells. The methods and equipment described herein are for
collection of s~rface and subsurface soil samples and groundwater samples. Soil gas sampling is
discussed in SOP SA-2.4.

2.0 SCOPE

This procedure provides information on proper sampling equipment and techniques for OPT. Review of
the information contained herein will facilitate planning 9f the field sampling effort by describing standard
sampling techniques. The techniques described shall be followed whenever applicable, noting that site­
specific conditions or project-specific plans may require adjustments in methodology.

3.0 GLOSSARY

Direct Push Technology (OPT) - OPT refers to sampling tools and sensors that are driven directly into the
ground without the use of conventional drilling equipment. OPT typically utilizes hydraulic pressur andlor
percussion hammers to advance the sampling tools. A primary advantage of OPT over conventional
drilling techniqu~s is that OPT results in the generation of little or. no investigation derived waste.

Geoprob~ - Geoprobe0 is 'a. manufacturer of a hydraulically-powered, percussion/probing machines
utilizing OPT to collect subsurface environmental samples. Geoprob~ relies on a relatively small amount
of static weight (vehicle) combined with percussion as the energy for advancement of a tool· string. The
Geoprobe0 equipment can be mounted. in a multitude of vehicles for access to all types of environment~1
sites.

HvdroPunch™ - HydroPunch™ is a manufacturer of stainless steel and Teflon<!> sampling tools that are
capable of collecting representative groundwater andlor soil samples without requiring the installation of a
groundwater monitoring well or conventional soil boring. HydroPunch™ is an example of OPT sampling
equipment.

Flame Ionization Detector (FlO) - A portable instrument for the measurement of many combustible organic
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is
the ionization of gaseous species utilizing a flame as the energizing source.

Photo Ionization Oetector (PIOl - A portable instrument for the measurement of many combustible organic
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is
the ionization of gaseous species utilizing ultraviolet radiation as the energiZing source.

4.0 RESPONSIBILITIES

Project Manager - The Project Manager is responsible for selecting andlor reviewing the appropriate OPT
drilling procedure required to support the project objectives.
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Field Operations Leader (FOU- The FOL is primarily responsible for performing the OPT in accordance
with the project-specific plan.

S~O SOIL SAMPLING PROCEDURES

",5.1 General

The common methodology for the investigation of the vadose zone is soil boring drilling and soil sampling.
However, drilling soil borings can b~ verY expensive. Generally the advantage of OPT for subsurface sqil
sampling is the reduced cost of qisposal 'of C1rilling cuttings and shorter sampling times.
",

5.2 Sampling Equipment

Equipment needed for conducting OPT drilling for'subsurface soil sampling includes, but is not limited to,
, ,t~e f~lIowing: : '

, ,

, "
~ ,

• GeoprobeClll Samp.'ing Kit.
, .' Cut-resistant gloves
,,~ 4-foot x 1.S-inch diameter'mac~ocore Sampler

, .. 'P~e sampling adapters '
• 'Roto-hammer with 1.S-inch bit '
• ,Disposable acetate Iiners,for,soil'macrocore sampler
• ~ Cast aluminum or steel driye point~

, • GeoprobeClll AT-660 Series Large Bore SoiLSampler, or equivalent
• " Standard decontamination equiplJlentand solutions

1" "" , ~ ~

For health and safety equipment and procedures, follow the direCtion provided in the Safe Work' Permit in
Attac~ment 1, or the more detailed directions provided in the project's Health and Safety Plan. '

, 5.3 DPT Sampli~g Methodology

The~e are several methods for the collection of soil samples using OPT drilling. The most common
method is discussed in the following section. Variati0r:'s of the following method may be condupted upon
,approval of the Project Manager ,in, accordance with the project-specific plan.

• Macrocore samplers fitted with ,detach!1ble aluminum or steel drive points are driven into the groul1d
using hydraulic pressure. If ,there is concrete or pavement over a sampling location, a Roto~hammer

is used to drill a minimum 1.S-inch'diameter hole through the surface material. A Roto-hammer may
also be used if very dense soils,are ,encountered.

• The.sampler is advanced continuously in 4~foot intervals or less if desired. No soil cuttings are
generated because the soil which is not collected in the sampler is displaced within the formatioQ.

• The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer
coring tube. The sample is contained within an inner acetate liner.

• Attach the metal trough from the GeoprobeClll Saf11pling Kit firmly to the tail gate of a vehicle. If a
vehicle with a tc;lil gate is not available, secure the trough on another suitable surface.

• Place the acetate liner containing the s?ils in the trough.
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• While wearing cut-resistant gloves (constructed of leather or other suitable material), cut the acetate
liner through its entire length using the double-bladed knife that accompanies the Geoprobe~

Sampling Kit. Then remove the strip of acetate from the trough to gain access to the collected soils.
Do not attempt to cut the acetate liner while holding it in your hand.

• Field screen the sample with an FlO or PID, and observe/examine the sample (according to SOP GH­
1.3). If appropriate, transfer the sample to sample bottles for laboratory analysis. If additional volume
is required, push an additional boring adjacent to the first and composite/mix the same interval. Field
compositing is usually not acceptable for sample requiring volatile organics analysis.

• Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement
grout, depending upon project requirements. Asphalt or concrete patch is used to cap holes through
paved or concrete areas. All ~Ies should be finished smooth to existing grade.

• In the event the direct push vanltruck cannot be driven to a remote location or a sampling location with
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric
operated equipment (e.g., jack hammer).

• Sampling equipment' is decontaminated prior to collecting the next sample.

6.0 GROUNDWATER SAMPLING PROCEDURES

6.1 General

The most common methodology for the investigation of groundwater is the installation and sampling of
permanent monitoring wells. If only groundwater screening is required, the installation and sampling of
temporary well points may be performed. The advantage of temporary well point installation using DPT is
reduced cost due to no or minimal disposal of drilling cuttings and well construction materials, and shorter
installation/times sampling. '

Two disadvantages of DPT drilling for well point installation are:

• In aquifers with low yields, well points may have to be sampled without purging or development.
• If volume requirements are high, this method can.be time consuming for low yield aquifers.

6.2 Sampling Equipment

Equipment needed for temporary well installation and sampling using DPT includes, but is not limited, to
the following:

• 2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) well point
• Connecting rods
• Roto-tiammer with 1.5-inch bit
• Mechanical jack
• 1/4-inch 00 polyethylene tubing
• 3/B-inch 00 polyethylene tubing
• Peristaltic pump
• 'Standard decontamination eqUipment and solutions
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6.3 OPT Temporary Well Point Installation and Sampling Methodologv

There are several methods for the installation and sampling of temporary well points using DPT. The
most common methodology is discussed below. Variations of the following me,hod may be conducted
upon approval of the Project Manager in accordance with the project specific plan. '

•

•

•

•

•

•

•

A 2-foot 'x '1-inch diameter mill-slotted (0.005 to 0.02-inch) well point attached to connecting rods is
driven into the ground to the desired depth using a rotary electric hammer or other direct push drill rig.
If thi,ue is concrete or pavement over a sampling location, a Roto-hammer or'electric coring machine,
is used, to drill a hole through the surface material.

The well' point will be allowed to equilibrate for at least 15 minutes, after which a m'easurement of the
static water level will be taken. The initial measurement of the water level will be used to assess the
amount of water which is present in the well point and to determine the amount of silt and sand
infiltration that may have occurred. '

, ,

The well point will be developed using a peristaltic pump and polyethylene tubing to remove silt and
sand which may have entered the well point. The well point is developed by inserting polyethylene
tubing to the bottom of the well point and lifting and lowering the tubing slightly while the pump is
operating. The pump will be operated at a maximum rate of approximately 2 liters per minute. After
removal of sediment from the bottom of the well point, the ,well point will be vigorously pumped at
maximum capacity until discharge water is visibly clear and no further sediments are being generated.
Measurements of pH, specific conductance, temperature, and Jurbidity shall be recorded every 5 to

, 10 mi,nLites during the purging process. After: two consistent readings of pH, specific conductance,
temperature and turbidity (± 10 percent), the well may be sampled.

A sa~ple will be collected using the peristaltic pump set at the same or reduced speed as during well
development. Samples (With the exception ,of the samples to be analyzed for volatile organic
compounds, VOCs) will be collected directly from the pump discharge. Sample containers for VOCs
will' be filled by (first shutting off the pump) crimping the discharge end of the sample tubing when
filled, 'removing the inlet end of the sample tubing from the well, suspending the inlet tUbing above the
vial, and allowing water to fill each vial by gravity.tlow.

Once the groundwater sample has been collected, the connecting rods and well point will be removed
from the hole with the Qirect push rig hydraulics. The hole will be backfilled with bentonite chips or
bentonite cement grout, depending upon project requirements. Asphalt or concrete patch will be used
to cap holes through paved or concrete areas. All holes will be finished smooth to existing grade.

In the event the direct push van/truck cannot be driven to a remote location or sampling location with
difficult accessibifity, sampling probes may be advanced and sampled manually or with air/electric-
operated equipment (e.g., jack hammer). '

Decontaminate the equipment before moving to the next location.

7.0 . RECORDS

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring logs,
and sample log sheets, as needed. Entrie~ should include all pertinent data regarding the investigation.
The use of sketches and field landmarks will help to supplement the investigation and evaluation.
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ATTACHMENT 1
SAFE WORK PERMIT FOR OPT OPERATIONS

Permit No. Date: Time: From to

SECTION I: General Job Scope
I. Work limited to the followi"!g (description, area, equipment used): Monitoring well drilling and Installati' n

through direct push technology
II. Required Monitoring Instruments: _

III. Field Crew: _

IV. On-site Inspection conducted 0 Yes 0 No Initials of Inspector__..""...".,..,...,.,,,.....
TtNUS

SECTION II: General Safety Requirements (To be filled in by permit issuer)
. V. Protective ~quipment required Respiratory equipment required

Level 0 181 Level B 0 Full face APR 0 Escape Pack 0
Level C 0 Level A 0 Half face APR 0 SCBA 0
Detailed on Rev,erse SKA-PAC SAR 0 Bottle Trailer 0

Skid Rig 0 None 181
Level 0 Minimum Requirements: Sleeved shirt and long pants. safety footwear. and work gloves. Safety glasses.
hard hats. and hearing protection will be wom when working near or sampling in the vicinity of the OPT rig.

Modifications(Exceptions.
'VI. Cl)einicals of Concem Action Level(s) Response Measures

VII. 'Additional Safety Equipment/Procedures
Hard-hat. ~... 181 Yes 0 No Hearing Protection (PlugslMuffs) 181 Yes
Safety Glasses 181 Yes 0 No Safety beltlhamess 0 Yes
ChemicaVsplash goggles..... 0 Yes 181 No Radio 0 Yes
Splash Shield....................... 0 Yes 181 No Barricades 181 Yes
Splash suits/coveralls O·Yes 0 No Gloves (Type - ) 0 Yes

. Steel toe Work shoes or boots I8IYes 0 No Worklwarming regimen 0 Yes
Modifications/Exceptions: Reflective vests for high traffic areas.

VIII. Procedure review with permit acceptors Yes NA
Safety shower/eyewash (Location & Use) D I8J.
Daily tail gate meetings 181 0
Contractor tools/eguipment/PPE inspected 0 0

Yes
Emerg~ncy alarms 0
Evacuation routes 0
Assembly points 0

ONo
181 No
181 No
ONo
ONo
ONo

NA
oo
o

IX. Site Preparation
Utility Clearances obtained for areas of subsurlace investigation 0 Yes 0 No
Physical hazards removei:l or blockaded 0 Yes 0 No
Site control boundaries demarcated/signage 0 Yes 0 No

X. Equipment Preparation Yes NA
Equipment drained/depressurized 0 181
Equipment purged/cleaned 0 181
Isolation checklist completed ~ 0 181
Electrical lockout required/field switch tested -:- 0 181
Blinds/misalignments/blocks & bleeds in place ·..· ··.. · ·· 0 181
Hazardous materials on wallslbehind liners considered D 181

XI. Additional Permits required (Hot work, confined space entry) 0 Yes 0 No
If yes, complete permit required or contact Health Sciences, Pittsburgh Office

XII. Special instructions, precautions:

Permit Issued by:, _

0196111P

Permit Accepted by:, _
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The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record
forms, logs and ~eports generally initiated and maintained for documenting Tetra Tech NUS field ~ctivities.

2.0 SCOPE

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field
activities, as applicable. Other or additional documents may be required by specific client contracts or
project planning documents.

3.0 GLOSSARY

None

4.0 RESPONSIBILITIES.

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound, ,controlled­
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is
responsible for placing all field documentation used in site activities (i.e., records, field reports, sample
data sheets, field notebooks, and the site logbook) in the project's central file upon the completion of field
work.

Field Operations Leader (FOU - The Field Operations Leader is responsible for ensuring that the site
logbook, notebooks, and all appropriate and current forms and field reports illustrated in this guideline
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed
in the required time-frame.

5.0 PROCEDURES

5.1 Site Logbook

5.1.1 General

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite
activities are documented. At a minimum, the following activities/events shall be recorded or referenced
(daily) in the site logbook:

• All field personnel present
• ArrivaVdeparture of site visitors
• Time and date of H&S training
• ArrivaVdeparture of equipment
• Time and date of equipment calibration
• Start and/or completion of borehole, trench, monitoring well installation, etc.
• Daily onsite activities performed each day
• Sample pickup information
• Heahh and Safety issues (level of protection observed, etc.)
• Weather conditions

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day
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that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon
completion of the fieldwork, the site logbook must become part of the project's central file.

The folloW!ng information must be recorded on the cover of each site logbook:

• Project name
• Tetra Tech NUS project number , ,

• Sequential book numher "

• Start date
• End date

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section
5.2), but must summarize the contents of these other notebooks and refer to specific page locations in
the~e notebooks for detailed information (where applicable). An example of a typicat site logbook entry is
show'1 'In Attachment A.

If measu~ements are made at any location, the measurements and i:lquipm/3nt used must either be
recorded in'the site logbook or reference must be made to the field notebook in which the measurements
are recorded (see Attachment A). -

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No
erasures are permitted. If an incorrect entry is made, the entry shall be crossed out with a single strik
mark, an~jflitialed and dated. At the completion of entries by any individual, the logbook pages used must
be signed and dated. The site logbook must also be signed by the Field Operation~ Leader at the end of
eaqh day.

5.1.2 Photographs

When, movies, slides, or photographs are taken of a site or any monitoring location, they must be
numbered'sequentially to correspond to logbook/notebook entries. The name of the photographer, date,
time, site location, site description, and weather conditions must be entered in the logbook/notebook as
the; phot!>graphs are taken. A series entry may be used for rapid-sequence photographs. The
photographer is not required to record the aperture settings and shutter speeds for photographs taken
within the ,normal automatic exposure range. However, special lenses, films, ,filters, and other image­
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be,
avoided, since they can adversely affect the "accuracy of photographs. Chain-of-custody procedures
depend upon the subject matter, type of camera (digital or film), and the processing it requires. Film used
for aerial' photography, confidential information, or criminal investigation requ!re chain-of-custody
procedures. Once processed, the slides of photographic prints shall be consecutively' numbered and
labeled according to the logbook/notebook descriptions. The site photographs, and associated negatives
and/or digitally saved images to compact disks must be docketed into the project's central file.

5.2 Field Notebooks

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent
field activities conducted directly under their supervision. For example, on large projects with multiple
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist
assigned to oversee a rig must maintain a field notebook.
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All Tetra Tech NUS field forms (see list in Section 6.0 of this SOP) can be found on the company's
intranet site (http://intranet.ttnus.coml under Field Log Sheets. Forms may be altered or revised for
project-specific needs contingent upon client approval. Care must be taken to ensure that all essential
information can be documented. Guidelines for completing these forms can be found in the related
sampling SOP.

5.3.1

5.3.1.1

Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results

Sample Log Sheet

Sample Log Sheets are used to record specified types·of data while sampling. The data recorded on
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or
irregularities encountered during sampling. A log sheet must be completed for each sample obtained,
including field quality control (QC) samples.

5.3.1.2 Sample Label

A typical sample label is illustrated in Attachment B. Adhesive labels must be completed and applied to
every sample container. Sample labels can usually be obtained from the appropriate Program source
electronically generated in-house, or are supplied from the laboratory subcontractor.

5.3.1.3 Chain-of-Custody Record Form

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and
accompanies a sample (or group of samples) as they are transferred from person to person. This form
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are
performed on site or off site. One carbonless copy of the completed COC form is retained by th fi Id
crew, one copy is sent to the Project Manager (or designee). while the original is sent to the laboratory.
The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped
inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC form, the
COC form should be sent with the cooler containing vials for VOC analysis or the cooler with the air bill
attached. The air bill should then state how many coolers are included with that shipm.ent. An example of
a Chain-of-Custody Record form is provided as Attachment C. Once the samples are received at the
laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed
cac form (any discrepanCies between the sample labels and COC form and any other problems that are
noted are resolved through communication between the laboratory pOint-of-contact and the Tetra Tech
NUS Project Manager). The cac form is signed and copied. The laboratory will retain the copy while the
original becomes part of the samples' corresponding analytical data package.

5.3.1.4 Chain-of-Custody Seal

Attachment D is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part of
a chain-of-custody process and is used to prevent tampering with samples after they have been collected
in the field and sealed in coolers for transport to the laboratory. The cac seals are signed and dated by
the sampler(s) and affixed across the lid and body of each cooler (front and back) containing
environmental samples (see sap SA-6.1). cac seals may be available from the laboratory; these seals
may also be purchased from a supplier.

0196111P Tetra Tech NUS. Inc
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5.3.1.5 Geochemical Parameters Log Sheets

F!eld Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results.

.5.3.2

5.3.2.1

Hydrogeological and Geotechnical Forms

Groundwater Level MeasurementSheet

A GroundWater Level Measurement Sheet must be filled out for each round of water level measurements
made at a' site~

5.3.2.2 Data Sheet for Pumping Test

During the performance of a pumping test (or an in-situ·hydraulic conductivity test), a large amount of data
must be recorded, often within a short time period. The Pumping Test Data Sheet facilitates this task by
standardizing the data collection format for the pumping well and observation wells, and allowing the time
interval for collection to be laid out in advance. . . ~

5.3.2.3 Packer Test Report Form

A'Packer T.est Report Form must be C<?mpleted for each well upon which a packer test is conducted.

5.3.2:4 Boring Log

During the progress of each boring, a log of the materials encountered, operation and driving of casing,
and location of samples must be kept. The Summary Log of Boring, or Boring Log is us~d for this
purp9se and must be completed for each soil boring performed. In addition, if volatile organics are
monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or FlO), these
readings must be entered on the boring log at the appropriate depth. The "Remarks· column can be used
to subsequently enter the laboratory sample number, the concentration of key analytical results, or other
pertinent information. This feature. allows direct comparison of contaminant concentrations with soil
characteristics.

5.3.2.5 Monitoring Well Co'nstruction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or
temporary well point installed. This· form contains specific information on length and type of well riser pipe
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics.
This information is important in evaluating the performance of the monitoring well, particularly in areas
where water levels show temporal variation, or where there are multiple (immiscible) phases of
contaminants. Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush
m<?,unt), different forms are used.

5.3.2.6 Test Pit Log

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be
filled out by the responsible field geologist or sampling technician.
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5.3.2.7 Miscellaneous Monitoring Well Forms

Monitoring Well Materials Certificate of Conformance should be used as the project directs to document
all materials utilized during each monitoring well installation.

The Monitoring Well Development Record should be used as the project directs to document all well
development activities.

5.3.2.8 Miscellaneous Field Forms - QA and Checklists

Container Sample and Inspection Sheet should be used as the project directs each time a container
(drum, tank, etc.) is sampled and/or inspected.

QA Sample Log Sheet should be used at the project directs each time 'a QA sample is colleted, such as
Rinsate Blank, Source Blank, ,etc.

Field Task Modification Request (FTMR) will be prepared for all deviations from the project planning
documents. The FOL is responsible for initiating the FTMRs. Copies of all FTMRs will be maintained with
the onsite planning documents and originals will be placed in the final evidence file.

The Field Project Daily Activities Check List and Field Project Pre-Mobilization Checklist should be used
during both the planning and field effort to assure that all necessary tasks are planned for and completed.
These two forms are not a requirement but a useful tool for most field work.

5.3.3 Equipment Calibration and Maintenance Form

The calibration or standardizatil;m of monitoring, measuring or test equipment is necessary to assure the
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the
measurement, and determine if correction should be applied to the readings. Some items of equipment
require frequent calibration, others infrequent. ,Some are calibrated by the manufacturer, others by the
user.

Each instrument requiring calibration has its own Equipment Calibration Log which documents that the
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of
standard or calibration device. An Equipment Calibration Log must be maintained for each electronic
measuring device used in the field; entries must be made fQr each day the equipment is used or in
accordance with the manufacturer's recommendations.

5.4 ' Field Reports

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress.
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not
accessible for timely review by project management.

5.4.1 Daily Activities Report

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as
described below. '
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5.4.1.1 Description

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other
related activities occurring which involve subcontractor personnel. These sheets summarize the work
penonT)ed' and form the basis of payment to subcontractors. The DAR form can be found on the TtNUS
intranet site.

5.~.1.2 Responsibilities

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature
acknowledging that the times and quantities of material entered are correct.

5.4.1.3 Submittal and Approval

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations
Leader (FOL) ,for review and filing. The Daily Activities Report is not a formal report and thus requires no
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in

, preparing weekly status reports for submission to the Project Manager.

5.4~2 Weekly Status Reports

To,facilitate timely review by project management, photocopies of logbook/notebook entries may be made
for internal use.

It should' be noted that in addition to summaries described herein, other summary reports may also be
contr!ictually required.

All Tetra, Tech NUS field forms can be found on the company's intranet site at http://intranet.ttnus.com
under Field Log Sheets. '

6.0 LISTING OF TETRA TECH NUS FIELD FORMS FOUND ON THE TTNUS INTRANET
$ITE. HTTP://INTRANET.TTNUS.COM CLICK ON FIELD LOG SHEETS

Groundwater Sample Log Sheet
Surf,ace'Water Sample Log Sheet
SoiVSediment Sample Log Sheet
,Container Sample and Inspection Sheet
Geochemical Parameters (Natural Attenuation)
Groundwater Level Measurement Sheet
Pumping Test Data Sheet
Packer Test Report Form
Boring Log
Monitoring Well Construction Bedrock Flush Mount
Monitoring Well Construction Bedrock Open Hole
Monitoring Well Construction Bedrock Stick Up
Monitoring Well Construction Confining Layer ,
Monitoring Well Construction Overburden Flush Mount
MonitOring Well Construction Overburden Stick Up
Test Pit Log ,
Monitoring Well Materials Certificate of Conformance
Monitoring Well Development Record
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Daily Activities Record
Field Task Modification Request
Hydraulic Conductivity Test Data Sheet
Low Flow Purge Data Sheet
QA Sample Log Sheet
Equipment Calibration Log
Field Project Daily Activities Checklist
Field Project Pre-Mobilization Checklist

,
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START TIME: _

ATTACHMENT A
TYPICAL SITE LO,GBOOK ENTRY

DATE: _

SITE-LEADER:
PERSONNEL:

TtNUS DRILLER SITE VISITORS

WEATHER: Clear, 68°F, 2-5 mph wind from SE

ACTIVITIES:

1.' Steam jenney and fire hoses were set up.

2. Drilling activities at well __ resumes. Rig geologist was .' See Geologist's
Notebook, No.1, page 29-30, for details of drilling actMty. Sample No. 123-21-S4 collected;
see sample logbook, page 42. Drilling activities completed at 11 :50 and a 4-inch stainless
steel well installed. See Geologist's Notebook, No.1, page 31 , and well construction details ,
forwell _

3. . Drilling rig No.2 steam-cleaned at decontamination pit. Then set up at location of
well _

4., Well drilled. Rig geologist was . See Geologist's Notebook,
No.2, page __ for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2,
and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45.

5. Well __ was developed. Seven 55-gallon drums were filled in the flushing stage. The well
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped
from well was "sand free. a

6. EPA remedial project manger arrives on site at 14:25 hours.

7. Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up
over test pit _

, 8. Test pit dug with cuttings placed in dump truck. _ Rig ,geologist was
See Geologist's Notebook, No.1, page 32, for details of test pit

activities. Test pit subsequently filled. No samples taken for chemical anl:dysis. Due to
-shallow groundwater table, filling in of test pit _ resulted in a very soft and wet area. A
mound was developed and the area roped off. .

9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked.

Field Operations Leader

0196111P Tetra Tech NUS, Inc.
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ATTACHMENT B

Tetra Tech NUS, Inc. Project:

.~
661 Andersen Dr;ve Site:PiUsburgh, 15220
(412)921-7090 Location:

-Sample No: Matrix:

"
, Preserve:

Date: Time:

.Analysis:

sampled by: Laboratory:

,
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ATTACHMENT 0

CHAIN-OF-eUSTODY SEAL

• .lnI8u6IS CUSTODY SEAL
81eg Date

'VEIS AaO~SnO Signature

~

,
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1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample
preservation, packaging, and shipping procedures to be used in handling environmental samples
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification
is addressed in SOP CT-04.

2.0 SCOPE

This procedure describes ~he appropriate containers to be used for samples depending on the analyses to
be performed, and the steps necessary to preserve the samples when shipped off site for chemical
analysis.

3.0 GLOSSARY

Hazardous Material - A substance or material which has been determined by the Secretary of
Transportation to be capable of posing an unreasonable risk to health, safety,' and property when
transported in commerce, and which has been so designated. Under 49 CFR, the term includes
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well
as materials designated as hazardous under the provisions of §172.101 and §172.102 and materials that
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, lATA has
~dopted DOT "hazardous materials" as lATA "Dangerous Goods."

Hazardous Waste - Any substance listed in 40 CFR, Subpart 0 (y261.30 et seq.), or otherwise
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulat d by
EPA.

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN
marks, or combination thereof required on outer packaging of hazardous materials.

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.).

n.o.s. - Not otherwise specified.

Packaging - A receptacle and any other components or materials necessary for compliance with the
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment
function in conformance with the minimum packaging requirements of 49 CFR 1'p.24(a) & (b).

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed
on the side of a vehicle transporting certain hazardous materials.

Common Preservatives:

• Hydrochloric Acid - HCI
• Sulfuric Acid - H:!S04
• Nitric Acid - HNOa
• Sodium Hydroxide - NaOH

019611/P Tetra Tech NUS. Inc.
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Normality (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent.

Reportable Quantity (RQ) - For the purposes of thiS SOP, means the quantity specifiedJn column 3 of the
Appendix to DOT 49 CFR §172.101 for any material identified in column 1 of the appendix. A spill greater
than !he 'amount specified must be reported to the National Response Center.

Sample - A sample is physical evidence collected from a facility or the environment, which is
representative of conditions at the locatio~ and time of collection.

4.0 RESPONSIBILITIES

Field Operations Leader - Dire~1y responsible for the bottling, preservation, 'labeling, packaging, sl1ipping,
and custody of s~mples.up to and including release to the shipper. .

F.ield Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing
the pa~kaging and shipping requirements, and maintaining custody of samples until they'are relinquished
to another custodian or to the shil?per:

5.0 . PROCEDURES

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3.

5.1 Sample Containers .

Different types 'of chemicals react differently with sample containers made of various materials. For
example, trace metals adsorb 'more strongly to glass than to plastic, whereas many organic chemicals
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as
other information) per 40 CFR 136. In general, the sample container shall allow approximately
5-10 percent air space ("ullage") to allow for expansiOn/vaporization if the sample warms during transport.
However, for collection of volatile organic compounds, head space shall be omitted. The analytical
laboratory will· generally provide certified-clean containers for samples to be analyzed for chemical

.constituents. Shelby tubes or other sample containers are generally provided by the driller for samples
requirinR geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to
analysis. .

· .
Once opened, the container must be used at once for storage of a particular sample. Unused but opened
containers are to be considered contaminated and must be discarded. - Because of the potential for
introduction of contamination, they cannot be reclosed and saved for later use; Likewise, any unused
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing
Teflon Iin~r (if required for the container), shall be discarded. '

5.2 Sample Preservation

Many water and soil samples are unstable and therefore require preservation to prevent changes in either
the ~oncentration or the physical condition of the constituent(s) requiring analysis. Although complete and
irreversible preservation of samples is not possible, preservation does retard the chemical and biological-
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changes that inevitably take place after the sample is collected. Preservation techniques are usually
limited to pH control, chemical addition(s), and refrigeration! freezing (certain biological samples only).

5.2.1 Overview

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents
required for sample preservation will either be added to the sample containers by the laboratory prior to
their shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall
be used for preservation. In general, aqueous samples of low-concentration organics (or soil samples of
low- or medium-concentration organics) are cooled to 4°C. Medium-eoncentration aqueous samples,
high-hazard organic 'samples, and some gas samples are typically not preserved. Low-concentration
aqueous samples for metals are acidified with HN03, whereas medium-concentration arid high-hazard
aqueous metal samples are not preserved. Low- or medium-concentration soil samples for metals are

,cooled to 4°C, whereas high-hazard samples are not cooled.

The following subsections describe the procedures for preparing and adding chemical preservatives.
Attachments A and B indicate the specific analytes which require these preservatives.

The FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for all
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance
Manual). Furthermore"the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) is
collected for every substance entered on the site Chemical Inventory, and that all persons using/handlingl
disposing of these substances review the appropriate MSDS for substances they will work with. The·
Chemical Inventory and the MSDSs must be maintained at each work site in a location and manner where
they are readily-accessible to all personnel.

5.2.2 Preparation and Addition of Reagents

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized
water before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid to water
(not vice versa). A dilutions guide is provided below.

AcidlBase

Hydrochloric Acid (HCI)

~itric Acid (HN03)

Sodium Hydroxide
(NaOH)

Dilution

1 part concentrated HCI: 1 part
double-distilled, deionized water

1 part concentrated H2S04: 1 part
double-distilled, deionized water

Undiluted concentrated HN03

400 grams solid NaOH dissolved in
870 mL double-distilled, deionized
water; yields 1 liter of solution

Concentration

6N

18N

16N
10N

Estimated
Amount

Required f r
Preservation

5-10 mL

2-5mL

2-5 mL

2mL

The amounts required for preservation shown in the above table assumes proper preparation of the
preservative and addition of the preservative to one liter of aqueous sample. This assumes that the
sample is initially at pH 7, is, poorly buffered, and does not contain particulate matter; as these conditions
vary, more preservative may be required. Consequently, the final sample pH must be checked using
narrow-range pH p~per, as described in·the generalized procedure detailed below:
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• Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to check the
initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into the sample; always
apply a drop of sample to the pH paper using a clean stirring rod or pipette.

• Add about one-half of the estimated preservative required to the original sample bottle..Cap and
invert gently several times to mix. Check pH (as described above) using medium range pH paper (pH
0-6 or pH 7.5-14, as applicable).

• Ca~ sample bottle and seal securely.

Additional-considerations are discussed below:

• To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can
be properly preserved, place a drop of sample on KI-starch paper. A blue color indicates the need for
ascorbic acid addition.

If required, add a few crystals of ascorbic' acid to the sample and retest with the KI-starch paper.
Repeat until a drop of sample produce~ no color on the KI-starch paper. Then add an, additional
0.6 grams of ascorbic acid per each liter of ~ample volume.

Continue with' proper base preservation of the sample as described above.

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate
solution per 100 ml of sample.

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double-
distilled, deionized water to make 1 liter of solution. '

The sample pH is then raised to 9 using the NaOH preservative.

• Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for
residual chlorine use a field test kit specially made for this purpose.

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the
residual chlorine.

Continue with proper acidification of the sample as described above.

For biological samples, 10% buffered formalin or isopropanol may also be required for, preservation.
Questions regarding preservation requirements should be resolved through communication with the
laboratory,before sampling begins.

5.3 Field Filtration

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents.
Field-filtration must be performed prior to the preservation of samples as described above. General
procedures for field filtration are desl?ribed b~low:

• The sample shall be filt~red through a non-metallic, O.45-micron membrane filter, immediately after
collection. The filtration system shall consist of dedicated filter canister, dedicated tUbing, and a
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by
mechanical peristalsis, the sample travels only through the tubing).

019611/P Tetra Tech t-.!US. Inc.
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• To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration.
Run approximately 100 ml of sample through the filter and discard prior to sample collection.

• Continue by preserving the filtrate (contain~ in the filter canister), as applicable and generally
described above. .

5.4 Sample Packaging and Shipping

Only employees who have successfully completed the TtNUS "Shipping Hazardous Materials" training
course are authorized to package and ship hazardous substances. These trained individuals are
responsible for performing shipping duties in accordance with this training.

Samples collected for shipment from a site shall be classified as either environmental or hazardous
material Samples. Samples from drums containing materials other than Investigative Derived Waste
(lOW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous
materials. A distinction must be made between the two types of samples in order to:

• .Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall
b~ considered hazardous and shipped accordingly.)

• Protect the health and safety of transport and laboratory personnel receiving the samples (special
precautIons are used by the shipper and at laboratories when hazardous materials are received.)

. ,Detailed procedures for packaging environmental samples are outlined in the remainder of this section.

5.4.1 Environmental Samples

Environmental samples are packaged as follows:

• Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc
baggie), and seal the bag.

• Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag
. (e.g. "garbage" bag). Drain plugs on coolers must be taped shut.

• Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if
reqUired) to minimize the possibility of the container breaking.

• If cooling is reqUired (see Attachments A and B), place ice around sample container shoulders, and on
top of packing material (minimum of 8 pounds of ice for a medium-size cooler).

• Seal (i:e., tape or tie top in knot) large liner bag.

• The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and'
taped inside the lid of the shipping cooler. If mUltiple coolers are sent but are included on one COC
form, the COC form should be sent with tlie cooler containing the vials for voe analysis. The COC
form should then state how many coolers are included with that shipment.

• Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used.
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Coolers must be marked as containing "Environmental Samples.· The appropriate side of the container
must be marked "This End Up" and arrows placed appropriately. No DOT marking or labeling is required;
there are no DOT restrictions on mode of transportation.

6.0 REFERENCES

American Public Health Association, '1981. Standard Methods for the Examination of Water and
Wastewater, 15th Edition. APHA, Washington, D.C.

Intemational Air Transport Association (latest issue). Dangerous Goods Regulations, Montreal, Quebec,
"Canada. '

~ ,

, ,U.S. Qepartment of Transportation (latest issue). Hazardous Materials Regulations, 49 CFR 171-1n.

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean
W~ter Act/' Federal Register, Volume 49 (209), October 26, 1984, p. 43234. .

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-Q20, U.S. EPA­
EMSL, Cincinnati, Ohio.
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ATTACHMENT A

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS

I Sample Type and Concentration I
ContaIne;(I} I Sample Size I Prese~ationM I - HoIdlng llmeM

I
WATER
Organics VOC Low BorosIlicate glass 2x4OmL Cool to 4°C 14days'o,
(GC&GCIMS) HCltos2

Extractables (Low Amber glass 2x2 Lor4x1 L Cool to 4°C 7 days to eXlraction;
SVOCsand 40 days after extraction
pesticideIPCBs)

Extractables (Medium Amber glass 2x2 Lor4x1 L None 7 days to extraction;
SVOCsand 40 days after extraction
pestlcldelPCBs)

lnorganics Metals Low High-denslty polyethylene 1L HNOstopH s2 6 months (Hg-28 days)

Medium Wlde-mouth glass 16oz. None 6mooths

Cyanide Low High-density polyethylene 1 L NaOH to pH>12 14 days

Cyanide Medium Wide-mouth glass 16oz. None 14 days

Organic/ High Hazard Wide-mouth glass Soz. None 14 days
Inorganic

SOIL
Organics VOC EnCore Sampler (3) 5 9 Samplers Co6Ito4°C 48 hours to lab
(GC&GClMS) preservation

Extractables (Low Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraction,
SVOCsand 40 days after extraction
pesticideslPCBs)

Extractables (Medium Wide-mouth glass Boz. Cool to 4°C 14 days to extraction;
SVOCsand 40 days after extraction
pestlcideslPCBs)

lnorganlcs Low/MedJum Wide-mouth glass Boz. Cool to 4°C 6 months
(Hg • 28 days)
Cyanide (14 days)

Organic/lnorga High Hazard Wide-mouth glass 8 oz. None NA
nic

DloxlnIFuran All Wide-mouth glass 4 oz. None 35 days until
extraction;
40 days after extraction

TCLP All Wide-mouth glass Boz. None 7 days until
preparation; analysis
as per fraction

AIR
Volatile LowIMedlum Charcoal tube ee 7 em long, 100 Lair Cool to 4°C 5 days recommended
Organics 6mmOD,4mm 10

1 All glass containers should have Teflon cap liners or septa.
2 See Attachment E. Preservation and maxlmum hoIdlng time allowances per 40 CFR 136.
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ATIACHMENTB

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES

Parameter NumberlName Containerl
} Preservation'''l\oJ/ Maximum Holding

",Time~4)

INORGANIC TESTS:
Acidity P,G ,CooI,4°C 14 days

Alkalinity P,G COO!,4°C 14 days

Ammonia - Nitrogen P,G Cool, 4°C; H2SO4 to pH 2 28 days

Biochemical Oxygen Demand (BOD) P,G CpoI,4°C 48 hours

Bromide P,G None required 28 days

Chemical Oxygen Demand (COD) P,G Cool, 4°C; H2S04 to pH 2 28days ,

Chlorlde P,G None required 28 days,
Chlorine, Total Residual P,G None required Analyze immediately

Color P,G CooI,4°C 48 hours

•Cyanide, Total and Amenable to P,G Cool, 4°C; NaOH to pH 12; 14days,UI
Chlorination 0.6 g ascorbic acid'S)

Ruorlde P None required 28 days

Hardness P,G HN03 to pH 2; H2S04 to pH 2 6 months

Total Kjeldahl and Organic Nitrogen P,G Cool, 4°C; H2SO4 to pH 2 28 days

Nitrate - Nitrogen P,G None required 48 hours

Nitrate-N"rtrite - Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days

Nitrite - Nitrogen P,G CooI,4°C 48 hours

011& Grease G Cool, 4°C; H2S04 to pH 2 28 days

Total Organic Carbon (TOC) P,G Cool, 4D C; HCI or H2S04 to 28 days
pH2

Orthophosphate P,G Filter immediately; Cool, 4°C 48 hours

Oxygen, Dissolved-Probe G BotUe& top None required Analyze immediately

Oxygen, Dissolved-Winkler G BotUe& top Fix on site end store in clark 8 hours

Phenols G CooI~'4°C; H2S04 to pH 2 28 days

Phosphorus, Total P,G Cool, 4°C; H:!S04 to pH 2 28 days

Residue, Total P,G CooI,4°C 7 days
Residue, Alterable (TDS) P;G CooI,4D C 7 days

Residue, Nonfilterable (TSS) P,G CooI,4D C 7 days

Residue, SetUeable P,G CooI,4D C 48 hours
Residue, Volatile (Ash Content) P,G CooI,4D C 7 days

Silica P CooI,4°C 28 days

Specific Conductance P,G CooI,4°C 28 days

Sulfate P,G CooI,4°C 28 days
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ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES
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Parameter Number/Name Container" Preservationl<:H'" Maximum Holding
Time(4) ,

INORGANIC TESTS (Confd):
Sulfide P,G Cool. 4·C; add zinc acetate 7 days

plus sodium hydroxide to pH 9

Sulfite P,G None required Analyze immediately

TUrbldlty P,G CooI.4·C 48 hours

METALS:(7) ,
C~romium VI (Hexachrome) P,G CooI,4°C 24 hours

Mercury (Hg) P,G HNO:l to pH 2 28 days

Metals, except Chromium VI and Mercury P,G HNO:l to pH 2 6month~

ORGANIC TESTS:(111

PU~~ Halocarbons G. Teflon-llned Cool, 4·C; 0.008% N82SA'~1 14 days
septum

PlJrgeable Aromatic Hydrocarbons G, Teflon-lined Cool. 4·C; 0.008% Na2S2o.r 14 days
septum HCI to pH 2 (9}

Acro~ein and Acrylonitrile G, Teflon-lined Cool, 4·C; 0.008% N82SA'.' 14 days
septum adjust pH to 4.5 (101

Phenols"" G, Teflon-lJned Cool, 4·C; 0.008% NlI2SA'·' 7 days until extraction;
cap 40 days after extraction

Benzldines"1h \0<, G, Teflon-lJned Cool, 4·C; 0.008% NlI2S2O:l,ol 7 days until extraction""/
cap

Phthalate esters"" G, Tellon-llned CooI,4·C 7 days until extraction;
cap 40 days after extraction

Nitrosamlnes" 'I."~I G, Teflon-Dned Cool, 4·C; store in dark' 7 days until extraction;,
cap 0.008% N~(5) 40 days after extraction

PCBs" 'I G, Teflon-lined CooI,4·C 7 days until extraction;
cap 40 days after extraction

Nltroaromatics & lsophorone G, Teflon-lined Cool, 4·C; 0.008% Na2S2O:l,OI; 7 days until extraction;
cap store in dark 40 days after extraction

Polynuclear Aromatic Hydrocarbons G, Teflon-Dned Cool, 4·C; 0.008% Na2S2O:l,o'; 7 days until extraction;
. (PAHs)(11),(14) cap store in dark

"
40 da~ after extraction,

Haloethers" G, Teflon-lined Cool, 4·C; 0.008% N82S2O:l'~} 7 days until extraction;
cap . 40 days after extraction

DloxinlFuran (TCDDrrCDF)" 'I G. Teflon-Dned Cool, 4·C; 0.008% N82S2O:l'o, 7 days until extraction;
cap 40 days after extraction

.
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(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L.
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples each

aliquot should be preserved at the time of collection. When use of an automated sampler makes it Impossible to preserve
each aliquot, then chemical samples may be preserved by maintaining at 4°C until compositing and sample splitting Is
comPleted. -

(3) When any sample Is to be shipped by common carrier or sent through the Unltlld States Mall, It must comply with the
Department of Transportation Hazardous MateriaJs,Regulations (49 CFR Part 172).

(4) Samples should be analyzed as soon es possible after collection. The times listed are the maximum times that samples
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or
monitoring laboratory, has data on file. to show that the specific types of samples under study are stable for the longer
periods, and has received a variance from the Regional Administrator.

(5) Should only be used In the presence of resIdual chlorine. '
(6) Maximum holding time Is 24 hours when sulfide Is present Optlonajly, all samples may be tes!ed with leed acetate paper

before pH adjustments are made to determine if sulfide Is present. If sulfide is present, it can be removed by the addition
of cadmium nitrate powder until a negative spot test Is obtained. The sample Is filtered and then NaOH is added to pH 12. '

(7) Samples should be filtered Immediately on site before adding preservative for dissolved metals.
(8) Guldarice applies to samples to be analyzed by GC. LC. or GClMS,for specific compounds. '
(9) Sample receiving no pH adjustment must be analyzed 'Nithin 7 days of sampling.
(10) The pH adjustment Is not required if acrolein will not be measured. Samples for acrolein receiving no pH adjustment must

be analyzed within 3 days of sampling.
(11) Whe!lthe extractable analytes of concem fall within a single chemical category, the specified preservative and maximum

holding times should be observed for optimum safeguard of sample Integrity. When the analytes of concern fall within two
or more chemical categones, the sample may be preserved by cooling to 4°C, reducing residual chlorine with 0.008%
sOdium thiosuifate, storing in the clark, and adjusting the pH to 6-9; samples preserved In this manner may be held for
7 days before extraction and for 40 days after extraction. Exceptions to this optional preservation and holding time
procedure are noted in footnote 5 (re: the requirement for thiosulfale reduction of residual chlorine) and footnotes 12, 13
(re: the'analysls of bermdlne).

(12) If 1,2-dlphenylthydrazlne Is likely to be presant. edjust the pH of the sample to 4.0:1:0.2 to prevent rearrangement to
benzidine.

(13) Extracts may be stored up 10 7 days before analysis If storage Is conducted under an Inert (oxidant-free) atmosphere.
(14) For the analysis of diphenylnltrosamlne, add 0.008"10 NCI2S203 and adjust pH to 7·10 with NaDH within 24 hours of

sampling.
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted If the samples are extracted

within 72 hours of collection. For the analysis of aldrin, add 0.()Q80~N~

Tetre Tech NUS. Inc.
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The purpose of this procedure is to provide general reference information regarding the sampling of
groundwater wells.,

2.0 SCOPE

This procedure provides information on proper sampling equipment, onsite water' quality testing, and
techniques for groundwater sampling. Review of the information contained herein will facilitate planning of
the field sa,mpling effort by describing standard sampling techniques. Tl1e techniques described shall be
followed whenever applicable. noting that site-specific conditions or project-specific plans may require
modificati0!ls to, methodology.

3.0 GLOSSARY

Conductivity - Conductivity'is a numerical expression of the ability of an aqueous solution to carry an'
electric current. This ability depends on the presence of ions, their total concentration, mobility, valence,
and relative concentrations, and on temperature of measure. Conductivity is highly dependent on
temperature and should be reported at a particular temperature, Le., 20.2 mS/cm at 14°C.

Dissolved Oxygen (DO) - DO levels in natural and wastewater depend on the physical, chemical, and
biochemiCal activities in the water sample.

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio 'of oxidizing and reducing species as
determined by the electromotive force developed by a noble metal electrode, immersed in water, as
referenced against a standard hydrogen electrode.

J2ti - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related to
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for all
practical purposes, pH is a measure of the hydrogen ion concentration.

pH Paper - Indicator paper that turns different colors depending' on the pH of the solution to which it is
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of the
solution's pH.

Salinitv - The measurement of dissolved salts in a given mass of solution. Note: most field meters
determined salinity automatically from conductivity and temperature. The displayed value will be displayed
in either p~rts per thousand (ppt) or % (e.g., 35 ppt will equal 3.5%).

Turbiditv - Turbidity in water is caused by suspended matter, such as clay, silt. fine organic and inorganic
matter. Turbidity is an expression of the optical property that causes light to be scattered and absorbed
rather than transmitted in a straight line through the sample.,

, 4.0 RESPONSIBILITIES

Project Hydrogeologist - Responsible for selecting and detailing the specific groundwater sampling
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also
responsible for properly briefing and overseeing the performance of the site sampling personnel.

01~11/P Tetra Tech NUS. Inc.
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Project Geologist/Field Sample Technician - is primarily responsible tor the proper acquisition of the
. groundwater samples. Helshe is also responsible for the actual analyses of onsite water quality samples,
as well as instrument calibration, care, and maintenance. When appropriate, such responsibilities may be

,performed by other qualified personnel (e.g., field technicians).

5.0 PROCEDURES

5.1 General

To be useful and accurate, a groundwater sample must be representative of the partiCUlar zone of the
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the time of analysis in order to keep any changes in water quality
parameters to a minimum.

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
, bailers, and various types of samplers. The primary considerations in obtaining a representative sample

orthe'groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or
chemical ~lteration of the water due to sampling te9hniques. In a non-pumping well, there will be little or
no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in the
screened section will mix with the groundwater due to normal flow patterns, but the well water above the

. screened section will remain isolated and become stagnant. To safeguard against collecting non­
representative stagnant water in a sample, the following approach shall be followed prior to sample
acquisition:

1. :

2.

3.

Ail monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five
volumes is recommended prior to sampling. In a high-yielding groundwater formation and where
there is no stagnant water in the well above the screened section, extensive evacuation prior to
sample withdrawal is not as critical.

For wells that can be purged dry, the well shall be evacuated and allowed to recover to 75% full
capacity prior to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than
one volume of water is required.

For high-yielding monitoring wells which cannot be evacuated to dryness, there is no absolute
safeguard against contaminating the sample with.stagnant water. One of the following techniques
shall be used to minimize this possibility:

• A submersible pump or the intake line of a surface pump or bailer shall be placed just below
the water surface when removing the stagnant water and lowered as the water level drops.
Three to five'volumes of water shall be removed to provide reasonable assurance that all
stagnant water has been evacuated. Once this is accomplished, a bailer or other approved
device may be used to collect the sample for analysis.

• The intake line of the sampling pump (or the submersible pump itself) unless otherwise
directed shall be placed near the center of the screened section, and approximately one
casing volume of water shall be pumped from the well at a low purge rate, equal to the well's
recovery rate (low flow sampling).

Stratifi~ation of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (Le.,

019611/P Tetra Tech NUS, Inc.



Subject

GROUNDWATER SAMPLE
ACQUISITION AND ONSITE
WATER QUALITY TESTING

Number

Revision

SA-1-1

5

Page
40f 25

Effective Date
09/03

floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations In the recovered sample comparf:Kj to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
collection of a non-representative sample.

5.2 Sampling. Monitoring. and Evacuation Equipment

Sample containers shall conform with the guidelines expressed in SOP SA-6.1.

The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 and
SA-7:1):

• Sample packaging and shipping equipment - Coolers for sample shipping and cooling, chemical
preservatives, appropriate sampling containers and filler, ice, labels and chain-of-custody documents.

• Field tools 'and, instrumentation - Multi-parameters water quality meter capable of measuring ORP, pH,
temper~ture, DO, specific conductance, turbidity and salinity or individl,Jal meters (as applicable), pH
paper, camera and film (if appropriate), appropriate keys (for locked wells), water level indicator.,

• Pumgs

- Shallow-well pumps: Centrifugal, bladder, suction, or peristaltic pumps with droplines, air-lift
apparatus (compressor and tubing) where applicable.

- Deep-well pumps: Submersible pump and electrical power-generating unit, or bladder pumps
where applicable.

• Other sampling equipment - Bailers and inert line with tnpod-pulley assembly (if necessary).

• Pails - Plastic,' graduated.

• Decontamination solutions - Deionized water, potable water, laboratory detergents, 10% nitric acid
solution (as required), and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. '

-
Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of
delivering varia~le rates for well purging and sample collection.

5.3 Calculations of Well Volume

To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated by
the following method. Calculations shall be entered in the site logbook or field notebook or on a sample
log sheet !orm (see SOP SA-6.3):

• Obtain all available information on well construction (location, casing, screens, etc.).

• Determine well or inner casing diameter.

• Measure and record static water level (depth below ground level or top of casing reference point).

• Determine depth of well by sounding using a clean, decontaminated, weighted tape measure.

019611/P Tetra Tech NUS, Inc.
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•

•

Calculate number of linear feet of static water (total depth or length of well pipe minus the depth ,to
static water level).

Calculate one static well volume in gallons V = (0.163 XI 'X,2) 1

where: V =
T=

r =
0.163 =

Static volume of well in gallons.
Thickness of water table in the well measurecjJn feet (i.e., linear
feet of static water).
Inside radius of well casing in inches.
A constant conversion factor which 90mpensate~ for the
conversion of the casing radius from inche~ to feet, the
conversion of cubic feet to gallons, and pi.

•

5.4

Per evacuation volumes discussed above, determine.the minimum amount to be evacuated before
sampling.

Evacuation of Static Water (Purging)

5.4.1 General

The amoun't of purging a well shall receive prior to sample 'collection will depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality Qf water
resources may require long pumping periods to obtain a sample that is representative of a large volume of
that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Altemately the well can be pumped until the parameters
such as temperature, specific conductance, pH, and turbidity (as applicable), have stabiliz8d. Onsite.
measurements· of these parameters shall be recorded in the site logbook, field notebook, or on .
standardized data sheets.

5.4.2 Evacuation Devices

The following discussion is limited to those devices commonly used at hazardous waste sites.
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.
Note that all of these techniques involve equipment which is portable and readily availaJ;>le.

Bailers are the simplest evacuation devices used and have many advantages. They generaliy consist of a
length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. '

. Advantag!3s of bailers include:

• Few limitations on size .and materials used for bailers.
• No extemal power source needed.
• Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of cross­

contamination.
• Bailers are relatively easy to decontaminate.

• •
Limitations on the use of bailers include the following:
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• It is time consuming to remove stagnant water using a bailer.
• Transfer of sample may cause aeration.
• Use of bailers is physically demanding, especially in warm temperatures at protection levels above

Level D.

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and
peristaltic pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses rollers
to squeeie a flexible tubing, thereby creating suction. This tubirg can be dedicated to a well to prevent
cross contamination. ' .

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of. the ground surface. A
significant Iinlitation is that the vacuum created by these pumps can cause sigl)ificant loss of di~solved

gases and-volatile organics.

Air-Lift Samplers·

.This group of pump' samplers uses gas pressure either in the annulus of the well or in a venturi to force
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers' are
more suitable for well development than for samplingCbecause the samples may be aerated, leading to pH
changes,and subsequent trace metal precipitation, or loss of volatile organics.

Submersible Pumps

Submersible pumps take in water and push the sample up a sample tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principle!? vary and the
displace,ment of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. Pumps
are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable depths
(several hundred feet).

Limitations of this class of pumps include:

• They may have low delivery rates.
• Many models of these pumps are expensive.
• Compressed gas or electric power is needed.
• Sediment in water may cause clogging of the valves or eroding the impellers with some of these

pumps.
• Decontamination of intemal components can be difficult and time-consuming.

5.5 Onsite Water Quality Testing

This section descnbes the procedures and equipment required to measure the following parameters of an
aqueous sample in the field:

• pH
• Specific Conductance
• Temperature
• Dissolved Oxygen (DO)
• Oxidation-Reduction Potential (ORP)

0196111P

•

Tetra Tech NUS. Inc.



Subject
GROUNDWATER SAMPLE
ACQUISITION AND ONSITE
WATER QUALITY TESTING

Number

Revision

SA-1-1

5

Page
70f 25

Effective Date

09/03

• Turbidity
• Salinity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at
a hazardous or nonhazardous site. The procedures and equipment described are applicable to
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and
qolloidal material or suspended rriatter. '

This section provides general information for measuring the parameters listed above with instruments and
techniques in common use. Since instruments from different manufacturers may vary, review of the

, malJufacturer's literature pertaining to the use of a specific instrument is required before use. Most meters
used to measure field parameters require calibration on a daily basis. Refer to SOP 6.3 for example
equipment calibration log.

5~5.1 Measurement of pH

5.5.1.1 General

Measurement of pH is one of the most important and frequently used tests in water chemistry. ' Practically
every phase of water supply and wastewater treatment such as.acid-base neutralization, water softening,.
and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with other
chemical analyses to determine the, probable source of contamination. It is therefore important that
re~sonably accurate pH measurements be taken.' .

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper
is' u;;ed when only a rough estimate of the pH is required, and the pH meter when a more a~curateO

m~asurement is needed. The response of a pH meter can be affected to a slight degree by high le'iels of
collojdal or suspended solids, but the effect is, usually small and generally of little significance.
Consequently, specific methods to overcome this interference are not described. The response of pH'
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of a
pH meter is recommended.

5.5.1.2 Principles of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of
the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including litmus (for general acidity or alkalinity
,determination) and specific pH range hy~rion paper.

Use of·a pH meter relies on the same principle as other ion-specific electrodes. Measurement reli s on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic
species' and, in combination with a standard or reference electrode, a potential difference proportional to
th~ i~n concentration is generated and measured.

5.5.1.3 Equipment

The follOWing equipment is needed for taking pH measurements:

• Stand-alone portable pH meter, or combination meter (e.g., Horiba U-10), or combination meters
equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).
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I • Combination electrode with polymer body to fit the above meter (altemately a pH electrode and a
reference electrode can be used if the pH meter is equipped with suitable electrode inputs).

• Buffer solutions, as specified by the manufacturer.

• pH indicator paper, to cover the pH range 2 through 12.

• ManUta~rer's operation manual.

5.5.1.4

pH Meter

Measurement Techniques for Field Determination of pH

The following procedure is used for measuring pH with a pH meter (meter standardization is according to
. manufacturer's instructions):

• . Inspect the instrument and batteries prior to initiation of the field effort.

• Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to be
changed often as a result of degradation ,upon exposure to the atmosphere.

• If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper levels and
that no air bubbles are present within the electrode(s).

,. Calibrate on a daily use basis (or as recommended by manufacturer) following manufacturer's
instructions. Record calibration data on an equipment calibration log sheet.

• Immerse the electrode(s) in the sample. Stabilization may take several seconds to minutes. If the pH
continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing)
may be taking place in the sample, or the meter or electrode may be malfunctioning. This must be
clearly noted in the logbook.

• Read and record the pH of the sample. pH shall be recorded to the nearest 0.01 pH unit. Also record
the sample temperature.

• Rinse the electrode(s) with deionized water.

• Store the electrode(s) in an appropriate manner when not in use.

Any visual observation of conditions which may interfere with pH measurement, such as oily materials, or
turbidity, shall be noted.

pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as'
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the investigation
shall start with wide-range paper and proceed with successively narrower range paper until the sample pH
is adequately determined.
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5.5.2

5.5.2.1

Measurement of Specific Conductance

General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and exten~ of migration of contaminants in groundwater or surface water. It can also be used as
a measure of subsurface biodegradation or to indicate alternate sources 'Of groundwater contamination.

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This
.value depends on the total concentration of the ionized substances dissolved in the water and the

. temperature at which the measurement is made. The mobility'of each of the various dissolved ions, their
valences, and their actual and relative concentrations affect conductivity.

It is important 'to obtain a specific conductance measurement 'soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all 'affect the
'specific conductance. Most conductivity meters in use today display specific conductance (SC): units of
milliSiemens per centimeter, which is the conductivity normalized to temperature @ 25°C. This format
(SC) is the required units recorded on the groundwater sample log field form (Attachment B).

5.5.2.2 Principles of Equipment Operation

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or sodium
cnlori<;le, respectively) are relatively good conductors. Conversely, organic compounds such as sucrose or
benzene, which do not dissociate in aqueous solution, conduct a current very poorly, if at all.

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may bused
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also
be used as a measure of conductance. The core element of the apparatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, a
pote,ntial difference is developed across the cell which can be converted directly or indirectly (depending
on instrument type) to a measurement of specific conductance.

5.5.2.3 Equipment

.The following equipment is needed for taking specific conductance (SC) measurements:

• Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or combination
meters equipped with an in-line sample chamber (e.g., YSI600 series and Horiba U-22).

• Calibration solution, as specified by the manufacturer.
• Manufacturer's operation manual.

A variety of conductivity meters are available which may also be used to monitor salinity and temperature.
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirement of
the sampling program. ;

5.5.2.4 Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer's instructions):
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• Check batteries and calibrate instrument before going into the field.

• Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's
instructions and record all pertinent information on an equipment calibration log sheet. . Potassium

. chloride solutions with a SC closest to the values expected in the field shall be used for calibration.

• Rinse the cell with one or more portions of the sample to be tested or with deionized water.

• 'Immerse the electrode in the sample and measure the conductivity.

• Read and record the results in a field logbook or sample log sheet.

• Rinse the electrode with deionized water.

If the specific conductance measurements become erratic, recalibrate the instrument and see the
manufacturer's instructions for details.

5.5.3

5.5.3.1

Measurement of Temperature

General

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological
action in a water sample, It can also be used to trace the flow direction of contaminated groundwater.
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water
samples may rapidly equilibrate with the temperature of their surroundings.

5.5.3.2 Equipment

Temperature measurements may be taken with alcohol-toluene, mercury filled, dial-type thermometers or
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).. In
addition, various meters such as specific conductance or dissolved oxygen meters, which have
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable
probes and cables, in-situ measurements of temperature at great depths can be performed.

5.5.3.3 Measurement Techniques for Water Temperature

If a thermometer is used to determine the temperature for a water sample:

• Immerse the thermometer in the sample until temperature equilibrium is obtained (1-3 minutes). To
avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples which
will undergo subsequent chemical analysis.

• Record values in a field logbook or sample log sheet.

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's
recommendations.
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5.5.4

5.5.4.1

Measurement of Dissolved Oxygen

General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physica!, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as the
rilte of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for dissolved
oxygen is a key test in water pollution and waste treatment process control. If at all possible, DO
measurements shall be taken in-situ, since concentration may show a large change in a short time if the
sample is not adequately preserved.

The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but reqUire more equipment and greater sample
manipul~tion. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted
waters, because the probe is completely submersible, and is not susceptible to interference caused ~y

color, turbidity, colloidal material or suspended matter.

5.5.4.2' Principles of Equipment Operation

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrOdes of
different nobility immersed in an electrolyte. The electrolyte is retained' by an oxygen-permeable
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable.
poten~ial exists between the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode
surface. An electrical current is developed that is directly proportional to the rate of arrival of oxygen'
molecules at the cathode. .

Since the current produced in the probe is directly proportional to the rate of arrivai of oxygen at the
cathode, it is important that a fresh supply of sample always be in contact with the membrane. Otherwise,
the oxygen in the aqueous layer along the membrane is quickly depleted and false low readings are
obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain, fresh solution
near the rrembrane interface. Stirring, however, shall not be so vigorous 'that additional oxygen is
introduced through the air-water interface at the sample surface. To avoid this possibility, some probes
are equipped with stirrers to agitate the solution near the probe, while leaving t~e surface of the solution
undisturbed.. ,

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the field log book and checked if possible. Temperature variations can also cause interference
because probes exhibit temperature sensitivity. Automatic temperature compensation is 'normally
provided by the manufacturer. .

5.5.4.3 Equipment

The following equipment is needed to measure dissolved oxygen concentration:

• Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-10), or
combination meters equipped with an in-line sample chamber (e.g., YSI 600 senes. and Horiba U-22).

• Sufficient cable to allow the probe to contact the sample.
• Manufacturer's operation manual.
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5.5.4.4 Measurement Techniques for Dissolved Oxyqen Determination

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:

• The equipment shall be calibrated and have its batteries checked before going to the field.

• The probe shall be conditioned in a water sample for as long a period as practical before use in the
field. Long periods of dry storage followed by short periods of use in the field may result in inaccurate
readings. '

• The' instrument shall be calibrated in the field according' to manufacturer's recommendations or in a
freshly air-saturated water sample of known temperature.

• Record all pertinent information on an equipment calibration sheet.

• Rinse the probe with deionized water.

• Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane by stirring
the sample. Probes without stirrers placed in wells can be moved up and down.

• Record the dissolved oxygen content and temperature of the sample in a field logbook or sample log
sheet.

• Rinse the probe with deionized water.

• Recalibrate the probe when the membrane is replaced, or as needed. Follow the manufacturer's
instructions.

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This
however, may not always be practical.

Special care shall be taken during sample collection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.

5.5.5

5.5.5.1

Measurement of Oxidation-Reduction Potential

General

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of 'the
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to
reduced species in the sample.

5.5.5.2 Principles of Equipment Operation

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at
that electrode depending on the ions present in the solution. If a reference electrode is placed in the sam
solution, an ORP electrode pair is established. This electrode pair allows the potential difference between
the two electrodes to be measured and is dependent on the concentration of the ions in solution. By this
measurement, the ability to oxidize or reduce species in solution may be determined. Supplemental
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measurements, such as dissolved oxygen, may be correlated with ORP -to provide a knowledge of the
quality of the solution, water, or wastewater.

5.5.5.3 Equipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:

• Combination meters with an in-line sample cnamber (e.g., YSI600 series and Horiba U-22).
• Reference solution as specified by the manufacturer.
• Manufacturer's operation manual.

5.5.5.4 Measurement Techniques for Oxidation-Reduction Potential

The following procedure is used for measuring oxidation-reduction potential:

• The equipment shall be cheCKed using the manufacturer's recommended reference solution and have
its batteries checked before gqing to the field.

• Thoroughly rinse the el~rode with deionized water.

• - If the oprobe does not respond properly to the recommended reference solution, then verify the
sensitivity of the electrodes by noting the change in millivolt reading when the pH of a test solution is
ahered. The ORP will increase,when the pH of a test solution decreases, and the ORP will decrease
if the test solution pH is increased. Place the sample in a clean container and agitate the sample.
Insert the electrodes and note the ORP drops sharply when the caustic is added (Le., pH is raised)
thus indicating the electrodes are sensitive and operating properly. If the ORP increases sharply
when the caustic is added, the polarity is reversed and must be corrected in accordance with the
manufacturer's instructions or the probe should be replaced. -

• Record all pertinent information on an equipment calibration log sheet.

5.5.6 Measurement of Turbidity

5.5.6.1 General

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather
than transmitted in a straight line through the sample. Turbidity in water is caused by suspended matter,
such 'as clay, silt, finely divided organic and inorganic matter, soluble colored organic compounds, and
-microscopic organisms, includIng ~Iankton.

It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes in
turbidity meW occur if the sample is stored too long.

5.5.6.2 Principles of Equipment Operation

Turbidity is measured by-the Nephelometric Method. This- method is based on a comparison of the
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by a
standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher tbe turbidity.

Formazin polymer is used as the reference turbidity standard suspension because of its ease of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid
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natural water. The tUrbidity of a specified concentration of formazin suspension is defined as 40
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when
measu~ed on the candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical to
them.

5.5.6.3 Equipment

The following equipment is needed for turbidity measurement:

• Light meter (e.g., LaMotte 2020) which calibrates easily using test cells with standards of 0.0 NTUs,
and 10 NTUs, or combination meter (e.g., Horiba U-10), or combination meter equipped with an in-line
sample chamber (e.g., YSI 600 series and Horiba U-22).

• Calibration solution, as specified by the manufacturer.

• Manufacturer's operation manual.

5.5.6.4 Measurement Techniques for Turbiditv

'The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (I) are 'listed
below (standardization is according to manufacturer's instructions):

• Check batteries and calibrate instrument before going into the field.

• Check the expiration date (etc.) of the solutions used for field calibration.

• Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent
information on an equipment calibration log sheet.

• Rinse the electrode with one or more portions of the sample to be tested or with deionized water
(applies to "e").

• Fill the light meters glass test cell with -5 ml of sample, screw on cap, wipe off glass, place test cell in
light meter and close the lid (applies to "1").

• Imme~se the electrode in the sample and measure the turbidity (applies to "e").

• The reading must be taken immediately as suspended solids will settle over time resulting in a lower,
inaccurate tUrbidity reading.

• Read and record the results in a field logbook or sample log sheet. Include a physical description of
the sample, including color, qualitative estimate of turbidity, etc.

• Rinse the electrode or test cell with deionized water.

5.5.7

5.5.7.1

Measurement of Salinity

General

Salinity is a unitless property of industrial and natural waters. It is the measurement of dissolved salts in a
given mass of solution. Note: Most field meters determined salinity automatically from conductivity and
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temperature. The displayed value will be displayed in either parts per thousand (ppt) or % (e.g., 35 ppt will
equal 3.5%).

5.5.7.2 Principles of Equipment Operation

Salinity is determined automatically from the meter's conductivity and temperature readings according to
algorithms (found in Standard methods for the Examination of Water and Wastewatet). Depending on the
meter, the results are displayed in either ppt or %. The salinity meas'urements are carried out in reference
to the conductivity of standard seawater (corrected to S =35).

5.5.7.3 Equipment'

The following equipment is needed for Salinity measurements:

.. ~ulti-parameter water quality meter capable of mea!3uring conductive, temperature and converting
them'to salinity (e.g., Horiba U·10 or YSI600 series).

• Calibration Solution, as specified by the manufacturer.
• M~nufa9turer's operation, manual.

5.5.7.4 Measurement Techniques for Salinity

The steps involved in taking Salinity measurements are listed below (standardization is according to
mal')ufacturer's instructions):

'-

• ,Check batteries and calibrate before going into the field.

• Check the expiration date (etc.) of the solutions used for field calibration.

• Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent
information on an equipment calibration log sheet.

• Rinse the cell with the sample to be tested.

• Immerse the multi-probe in the sample and measure the salinity. Read and record the results in a
field logbook or sample log sheet.

• Rinse the probes with deionized water.

5.6 Sampling

5.6;1 Sampling Plan

The sampling approach consisting of the following, shall be developed as. part of the project plari
. document:> which are approved prior to beginning work in the field:

• Background and objectives of s,ampling.

• Brief desyription of area and waste characterization.

• Identific~tion of sampling locations, with map or sketch, and applicable well construction data (well
size, depth, screened interval, referenc~ elevation).
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• Intended number, sequence volumes, and types of samples. If the relative degrees of contamination
between wells is unknown or insignificant, a sampling sequence which facilitates sampling logistics
may be followed. Where some wells are known or strongly suspected of being highly contaminated,
these shall be sampled last to reduce the risk of cross-contamination between wells as a result of the
sampling procedures.

• Sample preservation requirements.

• Work schedule.

• List of team members.

• List of observers and contacts.

• Other information, such as the necessity for a warrant or permission of entry, requirement for split
samples, access problems, location of keys, etc.

5.6.2 Sampling Methods

The collection of a groundwater sample consists of the following steps:

1.

2.

3.

4.

5.

6.

7.

8.

9.

019611/P

The site Health & Safety Officer (or designee) will first open the well cap and use volatile organic
detection equipment (PID or FID) on the escaping gases at the well head to determine the need
for respiratory protection.

When proper respiratory protection has been donned, sound the well for total depth and water
level (using clean equipment) and record these data on a groundwater sampling log sheet (see
Attachment B); then calculate the fluid volume in the well pipe (as previously described in this
SOP).

Calculate well volume to be removed as stated in Section 5.3.

Select the appropriate purging equipment (see Attachment A). If an electric submersible pump
with packer is chosen, go to Step 10.

Lower the purging equipment or intake into the well to a short distance below the water lev I and
begin water removal. Collect the purged water and dispose of it in an acceptable manner (as
applicable). Lower the purging device, as required, to maintain submergence.

Measure the rate of discharge frequently. A graduated bucket or cylinder and stopwatch are most
commonly used.

Observe the peristaltic pump intake for degassing "bubbles. n If bubbles are abundant and the
intake is fully submerged, this pump is not suitable for collecting samples for volatile organics.

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata
(i.e., if the well is pumped to dryness), one volume will suffice. Purged water shall be collected in
a designated container and disposed in an acceptable manner.

If sampling using a pump, lower the pump intake to midscreen (or the middle of the open section
in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer to just below
the water surface.
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10. (For pump and packer assembly only). Lower the assembly into the well so that the packer is
positioned just above the screen or open section. Inflate the packer. Purge a volume equal to at
least twice the screened interval (or unscreened open section volume below the packer) before
sampling. Packers shall always be tested in a casing section above ground to determine proper
inflation pressures for good sealing.

11. In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
collection can be delaye~ until the following day. If the well has been purged early in the morning,'
sufficient water may be standing in the well by the day's end to permit sample collection. If'the
well is incapable of producing a sufficient volume of sample at any time, take the largest quantity
available and record this occurrence in the site logbook.

12. Fill sample containers (preserve and label as described in SOP SA-6.1).

13. Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as the
source of the samples. '

14. Process sample containers as described in SOP SA-6.1.

15. Decontaminate equipment as described in SOP SA-?.1.

5.7 Low Flow Purging and Sampling

5.7.1 Scope & Application

Low flow purging and sampling techniques are sometimes reqUired for groundwater sampling activities.­
The purpose of low flow purging an~ sampling is to collect groundwater samples that contain
"representative" amounts of mobile organic and inorganic constituents in the vicinity of the selected open
well interval, at or near natural flow conditions. The minimum stress procedure emphasizes negligible
water level drawdown and low pumping rates in order to collect samples with minimal alterations in water
chemistry.. This procedure is designed primarily to be used in wells with a casing diameter of 1 inch or
more and a saturated screen, or open intetval, length of ten feet or less. Samples obtained are suitable
for analyses of common types of groundwater contaminants (volatile and semi-volatile organic
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This
procedure is not designed to collect non-aqueous phase liqUids samples from wells containing light or
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps.

The procedure is flexible for various well construction types and groundwater yields. The goal of the
procedure is to obtain a tUrbidity level of less than 10 NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take
place provided the remaining criteria in this procedure are met. '

5.7.2 Equipment

The following equipment is required (as applicable) for low flow purging and sampling:

• Adju~table rate, submersible pump (e.g., 'centrifugal or bladder pump constructed <;>f stainless steel or
Teflon).

• Disposable clear plastic bottom filling bailer~ may be used to check for and obtain samples of lNAPLs
orDNAPls.
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• Tubing - Teflon, Teflon-lined polyethylene, polyethylene, PVC, Tygon, or stainless steel tUbing can be
used to collect samples for analysis, depending on the analyses to be performed and regulatory
requirements.

• Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking water
level drawdown during all pumping operations).

• Interface probe, if needed.

• Flow measurement supplies.

• Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the
samples.

• Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature.
Use of a flow-through cell is recommended. Optional Indicators - ORP, salinity, and dissolved oxygen,
flow-through cell is required. Standards to perform field calibration of instruments.

, • Decontamination supplies.

'. Logbook(s), and other forms (see Attachments Band 9).

• Sample Bottles. '

• Sample preservation supplies (as required by the analytical methods).

• Sample tags and/or labels.

• Well construction data, location map, field data from last sampling event (if available).

• Field Sampling Plan.

• PID or FlO instrument for measuring VOCs (volatile organic compounds).

5.7.3 Purging and Sampling Procedure

Open monitoring well, measure head space gases using PIDIFID. If there is an indication of off gassing
when opening the well, wait 3-5 minutes to permit water level an opportunity to reach equilibrium.

Measure and record the water level immediately prior to placing the pump in the well.

Lower pump or tubing slowly into the well so that the pump intake is located at the center of the saturated
screen length of the well. If possible keep the pump intake at least two feet above the bottom of the well,
to minimize mobilizatIOn of sediment that may be present in the bottom of the well. Collection of turbidity­
free water samples may be difficult if there is three feet or less of standing water in the well.

Start with the initial pump rate set at approximately 0.1 liters/minute. Use a graduated cylinder and
stopwatch to measure the pumping rate. Adjust pumping rates as necessary to prevent drawdown from
exceeding 0.3 feet during purging. If no drawdown is noted, the pump rate may be increased (to a max of
0.4 hters/minute) to expedite the purging and sampling event. The pump rate will be reduced if turbidity is
greater than 10 NTUs after all other field parameters have stabilized. If groundwater is drawn down below

019611/P Tetra Tech NUS, Inc.
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the top of the well screen, purging will cease or the well will be pumped to dryness and the well will be
allowed to recover before purging continues. Slow recovering wells will be identified and purged at the
beginning of the workday. If possible, samples will be colleted· from these wells within the same workday
and no later than 24 hours after the start of purging.

Measure the well water level using the water level meter every 5 to 10 minutes. Record the well water
level on the Low-Flow Purge Data Form (Attachment C). '

Record on the Low-Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH,
specific cOr:lductance, temperature, turbidity, oxidation-reduction potential, dissolved oxygen and salinity or
as specified by the approved site specific work plan) measured by the water quality meter and turbidity
meter. If the cell needs to be cleaned during purging operations, continue pumping (allow the pump to
discharge into a container) and disconnect the cell. Rinse the cell with distilled/deionized water. After
cleaning js qompleted, reconnect the flow.-through cell and continue purging. Document the cell cleaning

,. on the Low-Flow Purge Data Form.

Measure the flow rate using' a graduated cylinder. Remeasure the flow rate any time the pump rate is
adjusted.

. During purging, check for the presence of bubbles in the flow-through cell. The presence of bubbles is an
indication that connections are not tight. If bubbles are.observed, check for loose connections.

After stabilization is achieved, sampling can begin when a minimum of two saturated screen volumes
.have been removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the
follo~irig limits:

• pH ±O.2 standard units
• Specific conduct~nce ±10%
• Temperature ±10%
• Turbidity less than 10 NTUs
• Dissolved oxygen ±10%

If the above conditions have still not been met after the well has been purged for 4 hours, purging will be
considered complete and sampling can begin. Record the final well stabilization parameters from the
L~w-Flow Purge Data Form onto the,Groundwater Sample Log Form.

voe samples are preferably collected first. directly into pre-preserved sample containers. Fill all sample
,containers by allowing the pump discharge to flow gently down the i.r:'lside of the container with minimal
turbulence.

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs
$ampl~s first, then increase the flow rate incrementally until the water column completely fills the tubing, '
collect the sample and record the hew flow rate; (2) reduce the diameter of the existing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which
should'reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube
into the pump's tubing so that the end of the tubing is in the water column and the other end of the tubing
protrudes beyond the pump's tubing, collect sample from the narrow diameter tubing.

Prepare samples for shipping as per SOP SA-6.1 .

. 019611/P Tetra Tech NUS. Inc.
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ATTACHMENT A

PURGING EQUIPMENT SELECTION

Diameter Casing Bailer Peristaltic Vacuum Air-11ft Diaphragm SUbmersible Submersible Submersible
Pump Pump "Trash" Diaphragm Electric Pump 8ectric Pump

Pump Pump wlPacker

125-lnch Water level X X X X X
<25 feet

Water Level X X
>25 feet

2·lnch Water level X X X X X X
<25 feet

Water Level X X X
,>25 feet

4-lnch . Water level X X X X X X X X,<25 feet

Water 'Level X X X X' X
>25 feet

6-lnch Water level X X X X
<25 feet

• Water Level X XX
>25 feet

8-lnch Water level X X X X
<25 feet

Water Level X X X
>25 feet

019611/P Tetra Tech NUS, Inc.
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PURGING EQUIPMENT SELECTION
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PAGE 2

::DmZ
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Manufacturer Model Principle of Maximum Construction Lift Delivery Rates 1982 Comments »0»
rZ-f

Name/Number Operation Outside Materials (wllines Range or Volumes Price -»m
Dlameterll and Tubing) (ft) (Dollars) ~ZJJ

ength -l°Ul
(Inches) mo»

BarCad Systems, BarCad Sampler Dedicated; gas 1.5116 PE, brass, nylon, 0-150 1 hter for each $220-350 ReqUires compressed gllS; custom sizes and UlZS:
Inc. drive (positive aluminum oxide with std. 10-15 feet of materials available; acts as piezometer. :::!Ul""O

Z:::jr
displacement) tubing submergence G>mm

Cole-Parmer Inst. Master Flex 7570 Portable; <1.01NA (not submersible) Q-3O 670 mUmin ! $5Oo-ElOO AClDC; variable speed control avaDable;
Co. Portable Sampling peristaltic Tygons, smcone with 7015- other models may have different flow rates.

Pump (suction) VitorP 20 pump head
ECO Pump Corp. SAMPLlfier Portable; venturi <1.5 or PP, PE, PVC, 55, 0-100 0-500 rnUmin $400-700 AC, DC, or gasoline-drfven motors avaDable;

<2.OINA Tellon"', TefzeJlt depending on must be primed.
lift JJ z

Geltek Corp. Bailer 219-4 Portable; grab 1.66138 TellorP No limit 1,075 mL $120-135 Other sizes available. ~
c:
3

(positive !Il. If0
displacement) :;,

GeoEngineerlng, GEO-MONITOR Dedicated; gas 1.5116 PE, PP, PVC, Probably Approximately $185 Acts as piezometer; requires compressed en
~Inc. dove (poslbve VltorP 0-150 1 liter for each gas.

dISplacement) 10 feet of ....
submergence

I....
Industrial and Aquanus Portable; bladder 1.75/43 55, TeRorP, VltorP 0-250 0-2,800 mUmin $1,500- ReqUires compressed gas; other models
Environmental (positive 3,000 available; AC, DC, manual operation
Analysts, Inc. (lEA) displacement) possible.
lEA Syringe sampler Portable; grab 1.75143 SS, Tellol'/D No limit 850 mL $1,100 ReqUires vacuum anellor pressure from hand

(positive sample volume pump.
displacement)

Instrument Model 2600 Portable; bladder 1.75/50 PC, sUicone, 0-150 0-7,500 mUmin $990 ReqUires compressed gas (40psi minimum).
Specialties Co. Well sampler (positive TellonGI, PP. PE,
(ISCO) displacement) - Detril'/D, acetal
Keck GeophySical SP·61 Portable; helical 1.75/25 S5, Teflor1P, PP, 0-160 Q.4,500 mUmln $3,500 DC operated.
Instruments, Inc. Submersible rotor (positive EPDM, VIto~ m iSampling Pump displacement)

~Leonard Mold and GeoFllter Small Portable; bladder 1.75138 SS, TellorP, PC, Q.400 0-3,500 mUmln $1,400- Requires compressed gas (55 psi minimum);
Die Works, Inc. Diameter Well (positIVe NeopreneGP 1,500 pneumatic or ACIDC control module. Gi

Pump (#0500) displacement) o~ ~Oil Reoovery Surface Sampler Portable; grab 1.75112 acrylic. DetrirP Notimit Approximately $125-160 Other materials and models available; for seCD
Systems, Inc. (positive 250mL measuring thickness of "floating" g So

displacement) contaminants. I\:l
Q.E.D. Well Wizaf'dll Dedicated; 1.66136 PVC 0-230 0-2,000 mUmin $30().4()() Requires compressed gas; piezometric level en
Environmental Monitoring System bladder (positive Indicator; oltler materials avaDabIe.
Systems, Inc. (P-100) displacement)

"
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cO<
Manufacturer Model Principle of Maximum Construction Materials Uft Range Delivery Rates or 1982 Comments ~ Z ~

NameJNumber Operation Outside (w/Unes and Tubing) (ft) Volumes Price =l » m
DlameterlL (Dollars) -< Z ::D
~. ~OOO

(Inches) m 0 ~
Randolph Austin Model 500 Portable; peristaltJc <0.5INA (Not submersible) Q.30 See comments $1,200- Flow rate dependent on motor and ~ ti5 "'tJ
Co. Vari·Row Pump (suction) Rubber, Tygone, or 1,300 tulling selected; AC operated; other Z =l r

Neopren~ models available. (j) m m
Robert Bennett Model 180 Portable; piston 1.8122 SS, Teflof1ll, Delrin" PP, ~OO 0"1,800 mLJmin $2,600- Requires compressed gas; water level
Co. (positiye VltorP, aayne, PE 2,700 Indicator and flow meter; custom

displacement) models available.
Slope Indicator Model 514124 Portable; gas drive 1.9118 PVC, nylon 0-1,100 250 mUflushing $250-350 1Rec!~~ compressed gas; SS
Co. (SINCO) Pneumatic (posltlve cycla available; piezometer model avaDabJe;

Water Sampler dISplacement) dedicated modelavaDable. :D Z

Solinst Canada 5W Water Portable, ,grab 1.9/27 PVC, brass, nylon, - Q.330 500 mL , $1.300- Requires compressed gas; custom I ~
Ltd Sampler (positive Neopren~ 1.800 models available. ~ g

displacement) , ~

TIMeO Mfg. Co., Sid. Bailer Portable; grab 1.661Custo PVC, PP . No limit 250 -mlJIt of $20-60 Other sizes, materials, models 01 ~
Inc. (positive m bailer - available; optional bottom-emptying I

displacement) device available; no solvents used. 't
TIMeO Air or Gas Lift Portable; gas drive 1.66130 PVC, TygorP,.Tellonit 0-150 350 mLJflushing $100-200 Requires comp~ed gas; other .....

Sampler (positive 'CYcle sizes, materials, models avaDable; no
displacement) . solvents used.

Tole Devices Co. Sampling Pump Portable; bladder 1.38148 S8, silicone, Delrif1ll, 0-125 0-4,000 rnlJmin $BOO- Compressed gas required: DC control
(posltJve TygOf1l 1,000 module; custcm built.
displacement)

Construetlon Material Abbreviations: Other Abbreviations:

PE Polyethylene NA Not appUcable
PP Polypropylene AC Alternating current
PVC Polyvinyl chloride _ DC Direct current m 'll
55 Stainless steel ' =: ~
PC Polycarbonate ' a III
EPDM Ethyler&p~pylene diene (synthetic rubber) ~.

NOTE: Other manufacturers market pumping devices which could be used for groundwater ll8ITlJl!ing, though not expressly designed for this purPose. The 1st is not meant to be ~ i ~
all-lnclusive end listing does not constitute endorsement for use. lmormalion In th8'table-is from sales literature andlor persOnal communicatlon. No skimmer, ~ 0
scavenger-type, or hlgh-capacity pumps areincluded.' ~

Source: Barcelona et aI., 1983. 01.
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ATTACHMENT B
GROUNDWATER SAMPLE LOG SHEET

------_._---_.._-----_._-------_._--------

.(-.:1:) GROUNDWATER SAMPLE LOG SHEET
Tetra Tech NUS. Inc.

Page of

Projeel Site Name:
Projeel No.:

I ) Domestic Well Data
Ix) MOnitoring Well Data
I ) Other Well Type:
I ) QA Sample Type:

Sample 10 No.:
Sample LocatIon: _
Sampled By:
C.O.C.No.:
Type of sample:

[XI Low Concentration
[ ) High CoI1C8lllralion

I

0IIl8r
NA

I

I I I I
SEE LOW FLOW PURGE DATA SHEET

, .
pH s.c. I Temp. (C) I Turbldltv I DO ORPVolume

INothad: 1 I I I I I I
U!.U8G.~'t

IlW'II~))~ I

IEIOa!ll=.: -11 Color pH a.c. Temp. Turbidity DO ORP
11lmo: 1 VIouaI 8Joadard mSlrm IloKrees C N1U qIl mV

Wei C8sIng Olamelllr & Malllrtal

Twe:

. ITOUII Well DeDIII lTD,:

SIatIc Walef LevellWLl:

One Caslna VolUmefa&llLl:

End Purae lhtsl.

!Total Pum& TIme (minI:

rt'otaI Vol. Purged (gaIIL):

~.MlIj'~Ql'l:gt!§t~ltlfO.ll!

Anelysla Contelner 8lIulnlmenta Collected

• '" ", S1gnalUru(a):

MSIIIlSO DupUClIIlIID No.:

0196111P Tetra Tech NUS, Inc.



S
U

bject
G

R
O

U
N

D
W

A
T

E
R

S
A

M
P

LE
A

C
Q

U
IS

IT
IO

N
A

N
D

O
N

S
IT

E
W

A
T

E
R

Q
U

A
L

IT
Y

T
E

S
T

IN
G

N
um

ber
S

A
-1-1

R
evision

5

A
T

IA
C

H
M

E
N

T
C

L
O

W
F

L
O

W
P

U
R

G
E

D
A

T
A

S
H

E
E

T

P
age

2
5

of
2

5

E
ffective

D
ate

09/03

0196111P
T

etra
T

ech
N

U
S

,
Inc.



Health Sciences Department
Prepared

Applicability

Tetra Tech NUS, Inc.

1

1 of 20

RevIsion

Page
ME-15

EffectIve Date

06/99

Number

STANiDARD
O·PE:RATliNG

PROCEDUrRES
TETRA TECH NUS, INC.

Subject PHOTOVAC MICROFID HANDHELD
FLAME IONIZATION DETECTOR

Approved •Jj
D. Senovich .

TABLE OF CONTENTS

SECTION PAGE

1.0 PURPOSE 2

2.0 SCOPE 2

3.0 GLOSSARY 2

4.0 RESPONSIBILITIES 2

5.0 PROCEDURES 3

5.1 GENERAL 3
5.2 USE AND DOCUMENTATION OF RESULTS 3
5.3 PRINCIPLES OF OPERATION 3
5.4 CALIBRATION 10
5.5 ROUTINE MAINTENANCE 11
5.5.1 Battery Charging 11
5.5.2 Emptying the Hydrogen Cylinder 12
5.5.3 Replacing the Sample Inlet Filter 12
5.6 TROUBLESHOOTING 13
5.6.1 MicroFID Fault Messages 13
5.7 TRANSPORTING MICROFID 18

6.0 SHiPPiNG 18

7.0 REFERENCES 18

FIGURES

NUMBER PAGE

5-1
5-2
5-3
5-4
6-1
6-2

DOCUMENTATION OF FIELD CALIBRATION 4
DIRECT-READING INSTRUMENT RESPONSE DATA 5
BORING LOG 7
TEST PIT LOG 8
EXAMPLE OF A HAZARDOUS AIRBILL FOR HYDROGEN 19
EXAMPLE OF A HAZARDOUS AIRBILL FOR METHANE IN AIR 20

0196111P Tetra Tech NUS. Inc.



Subject
PHOTOVAC MICROFID HANDHELD
FLAME IONIZATION DETECTOR

1.0 PURPOSE

Number

Revision

ME-15

1

Page
20f20

Effective Date
06/99

To establish procedures for the use, calibration, maintenance, troubleshooting, and shipment of the
Photovac MicroFID handheld flame ionization detector.

2.0 SCOPE

Applies to all Brown & Root Environmental personnel who operate the MicroFID instrument during the
performance of their work.

3.0 GLOSSARY

None.

4.0 RESPONSIBILITIES

Office Managers - Office Managers are responsible for ensuring that personnel under their direction who
may use this device are first provided with adequate training and information

Project Managers - Project Managers are responsible for ensuring that appropriate health and safety
requirements and resources are addressed for their assigned projects.

Health and Safety Manager (HSM) - The HSM shall ensure that appropriate training is available to users
of the Photovac MicroFID instrument.

EqUipment Manager - The Equipment Manager shall ensure that all air monitoring instrumentation slated
for field activities has been operationally checked out, fully charged, and calibrated prior to issuance for
field service. Maintenance deficiencies identified by the Equipment Manager will require those
instruments to be pUlled from service until repairs can be facilitated.

Field Operations Leader (FOll/Field Team Leader (FTL) - The FOUFTL shall ensure all field team
members using monitoring instruments as part of their assigned duties are adequately trained in their
proper operation and limitations. The FOUFTL shall ensure that the air monitoring instruments are
employed as directed by site guidance documents (Le., Work Plan, Health and Safety Plan, etc.).
Additionally, the FOUFTL shall ensure that the appropriate documentation and recordkeeping
requirements are fulfilled including Documentation of Calibration and Direct Reading Instrument
Response Data Sheets for air monitoring activities. On projects where a dedicated SSO is not assigned,
the FOUFTL is responsible for assuming the duties of that position.

Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirements for
the site activities, and providing direction for air monitoring during specific site activities. This
identification of types of air monitoring and direction for use are indicated within the Site-Specific Health
and Safety Plan (HASP).

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner
directed by the HSO and action levels employed as contingencies marks for the application of engineering
controls, personal protective equipment (PPE) use, and administrative controls are employed as directed.
Additionally, he/she shall ensure the instruments are properly maintained and calibrated prior to use in the
field. The SSO dunng specific air monitoring applications including STEL and TWA mode measurements
will be responsible for operation and application of this specialty air monitoring employment duty. The

0196111P Tetra Tech NUS, Inc.
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SSO is also responsible for addressing relevant Hazard Communication requirements (e.g., MSDS,
chemical inventories, labeling, training, etc.) on each assigned project.

5.0 PROCEDURES

5.1 General

Direct-reading instruments such as a flame ionization detector are typically used to monitor for airborne
releases that could present an inhalation threat to personnel, and to screen and bias environmental
samples. Proper use of these instruments by trained, qualified personnel is essential to the validity of any
acquired results. Also essential is that the devices are properly calibrated according to manufacturers
instructions (and the specifications of this SOP), and that users of the instrument properly document
results.

5.2 Use and Documentation of Results

As with any direct-reading instrument, understanding not only how - but when to use this instrument is
essential to gathering relevant and valid data. This device will only respond to volatile organics in air that
are combustible. Inappropriate instrument selection, use, or interpretation of instrument results by an
unqualified user not only can yield inaccurate results, but could place personnel at risk of exposure to
hazardous agents. Only personnel who are properly trained and authorized to use this device will be
permitted to operate it

It is essential that instrument operators understand and comply with the requirements to document
results. This Includes the need to document calibration results as well as operational readings.
Calibration results must be recorded using Figure 5-1. Operattonal results can be recorded in several
ways, including'

• Direct-Reading Instrument Response Data (Figure 5-2) - preferred method
• Boring Log Forms (Figure 5-3)
• Test Pit Log Forms (Figure 5-4)
• Log book entries

When using direct-reading instruments, it is important to monitor the air near the source of potential
releases (e.g., drilling boreholes, tank entrances, drum openings, etc.) and at worker breathing zone
areas. All readings should be recorded, including readings noted where background levels were not
exceeded.

5.3 Principles of Operation

The MicroFID is a flame ionization detector used for the measurement of combustible organic compounds
in air at parts per million levels. Permanent air gases (argon, carbon dioxide, nitrogen, oxygen, water
vapor, etc.) are not ionized by the flame.

When the MicroFID is turned on, the display prompts you to tum on the hydrogen. The internal pump
draws sample air in through MicroFID's inlet. . This sample air provides the oxygen necessary for
combustion in the hydrogen-fueled flame. When the proper ratio of hydrogen to air is present in the
combustion chamber, the flame IS automatically started with a glow plug. A thermocouple is used to
monitor the status of the flame. When the sample passes through the flame the combustible organic
compounds in the sample will be ionized. After the compounds have been ionized, they are subjected to

019611/P Tetra Tech NUS, Inc.
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DIRECT-READING INSTRUMENT RESPONSE DATA
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SITE NAME: PROJECT NO.: :::!C1

O::e
PAGE OF zO

0::TI
mO

Date and Tlme(s) Instrument Operator Instrument Used Instrument Reading Loca1lon Operatlon(s) BeIng Personnel In V1c:lnlty at TIme -IJ:
Name and Duration (e.g•• borehole vs Performed of Readings and LewI of PPE m»C1zbreathlnll_1 Worn -1 0O:z:

Example . ::em
12·12-91/14:30 Joe Field HNU 101 15 ppml15 min. bntathlng zone sample loc:atIon no. 12 Jim TechnlclanlLevel B r
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FIGURE 5-3

~ BORING LOG Page_of_

PROJECT NAME: BORING NUMBER:
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: DRILLER:

MATERIAL DESCRIPTION PlDlRD-..g,-)........ D."" _I ......... UlIIo.... U
No. lind (1'1.1

r ... _ -- awn.. 101I_111 S iiiTW'SNOf ":. .,.,) a-Io (llopM'L)

1,&'ROO l.ongIb ...
c__

c Remarks :J •- ... CoIQr _ CI_ftCllllon
S t .8-I- . ...2 ;d'-

/
/
/
./
./
/
/
/
./
/
/
/
/
./
./
/"
/
/"
./
./
./
/
./
./
./

• lMlen rack cortng, enter lOCk bnlkeneU.
-Include monIIor rNdIng In e root1_.G _ Ina8aIe I811dIng lrequency Welevated _.s rad. Drilling Area
Remarks: Background (ppm)'c=J

Converted to Well: Yes No WeIlI.D.#:
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PROJECT NAME:
PROJECT NUMBER:
LOCATION:

_____________TEST PIT NUMBER:, _
DATE:

-------------GEOLOGIST1":':------------

Depth
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a continuous electric field between the repeller electrode at the jet and the collector electrode. The ions in
the electric field generate a current which is proportional to the concentration of the iOnized molecules in
the iOnization chamber. An electrometer circuit converts the current to a voltage that is then fed to the
microprocessor which interprets the current in units of ppm. After the sample passes through the flame
and has become ionized, it is vented from the detector through a flame arrestor. The flame arrestor
prevents the flame from igniting any flammable gases present in the working atmosphere.

MicroFID is strictly an organic compound detector. It does not respond to inorganic compounds.
MicroFID's sensitivity is highly dependent on chemical structure and bonding characteristics. The
combustion efficiency of a compound determines its sensitivity. Simple saturated hydrocarbons
(methane, ethane, etc.) posses high combustion' efficiencies and are among the compounds that produce
the highest MicroFID response. Organic fuels (acetylene, refined petroleum products), bum easily and
are also extremely well detected.

The presence of substituted functional groups (amino, hydroxyl, halogens) on a simple hydrocarbon
reduces its combustion efficiency and the MicroFID's sensitivity to the compound. For example, methanol
and chloromethane are detectable with MicroFID, but not at the same sensitivity as methane. The
number of carbon atoms can also affect the instrument's sensitivity due to substitution. For example,
MicroFID is more sensitive to n-butanol than it is to methanol. For additional information regarding
response factors of the MicroFID, consult the manufacturer's of the User's Manual.

Beginning Operation

The MicroFID can be operated without the activation of the flame to print or review logged data. In this
way, the hydrogen fu~1 is conserved.

MicroFID will attempt to ignite the flame once the flow of hydrogen gas has been started. If the MicroFID
has not been used for a while, it is possible that the gas supply lines are filled with air. If the flame cannot
be started, MicroFID will begin a 30 second purge cycle. During the purge cycle it will flush the gas
supply lines with hydrogen. After the purge cycle, it will attempt to light the flame again. If it fails again,
another purge cycle will be performed and MicroFID will try a third time to ignite the flame. The following
steps summarize proper start-up procedures.

1. Turn the instrument on by pressing the front of the On/Off switch. When the instrument is
powered up, the version number and creation date of the instrument software are displayed.
Press ENTER.

2. You will be prompted to start the flame. If you do not want to start the flame, use the ARROW
keys to select "No Flame Needed" and press ENTER. To start the flame, use the ARROW keys
to select Start Flame and press ENTER

3. If you selected "Start Flame," MicroFID will prompt you to turn on the hydrogen. Turn the shut-off
valve counterclockwise to start the flow of hydrogen and press ENTER~

4. The pump will start and MicroFID will then ignite the flame. You wHI hear a small pop when the
flame has been ignited. Once the flame has been started the message "Detector flame has been
started OK" will be displayed followed by the default display.

The default display provides the following information: instrument status, current detected concentration,
event name (if the datalogger is on), time, and date If an event name is longer than three characters, the
bottom line of the display will scroll through the information.
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The instrument status appears at the left of the upper line of the display and on the Print and Graph
outputs. Each status has a priority assigned to it. If more than one status is in effect, then the status with
the highest priority is displayed until the condition is corrected or until the option is turned off.

5.4 Calibration

The calibration (CAL) key is used to calibrate MlcroFID. Before beginning calibration, ensure that you
have a reliable source of both zero air and calibration gas. To document calibration efforts, field
personnel will record information on the Documentation of Field Calibration Form (Figure 5-1), or the
same information In the calibration/maintenance log book assigned to an instrument. A brief description
of the functions under the CAL key are as follows:

1. When you press the CAL key you will first be prompted to select a Cal Memory. Each Cal
Memory stores a unique zero point, sensitivity setting, response factor and alarm level.

2. You will then be prompted to enter a response factor. Refer to the manufacturer's User's Manual
for a list of response factors. If the compound is not listed In that reference, or if you are
measuring gas mixtures, enter a value of 1.00. The concentration detected by MicroFID will be
multiplied by the response factor before it is displayed and logged.

3. Next select Low Range or High Range operation. Use Low Range if you are sampling
concentrations between 0.5 and 2000 ppm (methane eqUivalents). Use High Range if you are
sampling concentrations between 10 and 50,000 ppm (methane eqUivalents).

4 You will now be prompted to connect a supply of zero air. You may use ambient air or, for best
results, use a clean Tedlar bag filled with zero grade air. In most cases, ambient air will be used
provided calibration is performed in an area In which interfering airborne contaminants are not
present. If using ambient air, press <ENTER> to being zeroing.

5. If you are using a charcoal filter to clean ambient aIr, connect the filter by loading the Teflon
ferrules into the nut (the ferrules and the nut are supplied with the filter). Connect the nut to
MicroFID's inlet. Do not tighten the nut. Remove the charcoal filter from its plastic bag and insert
it Into the nut. Finger tighten the nut onto the inlet. If the filter is not secure, ensure you have
inserted the tube far enough into the nut. Do not over-tighten the fitting. Press <ENTER> and the
MicroFID will set its zero point. NOTE: The charcoal filter does not filter methane or ethane. If
these compounds are present, use a gas bag with a supply of commercial zero air.

6.

7.

8.

0196111P

If you are using a Tedlar bag filled with zero air, connect the bag to the inlet. Open the bag and
press <ENTER>. MicroFID will set its zero point.

After MlcroFID has set Its zero point, you can then enter the concentration of the calibration gas
(span gas), and then connect the Tedlar bag adapter to the inlet Open the bag and press
<ENTER>. MicroFID sets its sensitivity. Note: You must have a supply of calibration gas ready
before calibrating MicroFID. When calibrating MicroFID. ensure the instrument is level. If
MicroFID is tilted from side to side, gravity will ~ffect the flame height and cause erroneous
readings.

When MicroFID's display reverts to normal, it is calibrated and ready for use. Remove the Tedlar
bag from the inlet.
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9. Press the ALARM key and enter the alarm level for the selected CAL memory.

5.5 Routine Maintenance

5.5.1 Battery Charging

A fully charged battery will power the MicroFID for approximately 15 hours, If the instrument is to be used
for more than 15 hours, carry a spare battery pack. Battery life is reduced if the instrument is tumed off
and then on again repeatedly.

When the instrument status displays "LoBat," the battery pack requires changing. When the "LoBat"
status is displayed, you have a few minutes of operation left. MicroFID will tum itself off before the battery
pack becomes critically low.

To remove the battery pack:

OJ

1.

2,

3.

4.

5.

Stop the flow of hydrogen gas by tuming the hydrogen shut-off valve fully clockwise. Turn the
instrument off by pressing the On/Off switch twice.

Use the MicroFID multi-tool to loosen the two captive screws in the bottom of the battery pack.

A retainer at the rear of the instrument helps secure the battery pack to the instrument. Free the
battery pack from the instrument

Connect the charged battery pack to the retainer at the rear of the instrument.

Retighten the two captive screws and the bottom of the battery pack.

To charge the battery pack:

1. Ensure the correct plug is installed on the line cord of the battery charger.

2. Plug the charger into the jack located on the front of the battery pack.

3. Plug the charger into an AC outlet. The LED, on the battery pack indicates the charge state. Red
indicates the battery is being charged. Green indicates the battery is fully charged and ready for
use It is normal for a fully charged battery to indicate it is charging (red light) when first plugged
in. The LED will tum green as the battery charges.

4. When the battery pack is charged remove the charger, first from the wall outlet then from the
battery pack.

Charging a fully discharged battery pack will take approximately 8 hours. Leaving the charger connected
to a charged battery pack will not harm the battery or the charger in any way. If a battery pack is to be left
indefinitely, leave It connected to the charger so that it will be fully charged and ready for operation.

5.5.2 Emptying the Hydrogen Cylinder

When you transport the MicroFID, you should empty the internal hydrogen cylinder and then refill it when
you arrive at your destination.
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1 Take the Instrument outdoors, or to a well-ventilated area, at least 25 feet from any potential
sources of ignition.

2. Turn the MlcroFID off and open the hydrogen shut-off valve.

3. Remove the battery pack as described above.

4. Locate the purge outlet. It is located on the underside of the instrument.

5. Use the MicroFID multi-tool to turn the screws counterclockwise. Loosen the screw but do not
remove it.

,
6. Leave the instrument so that the purge outlet is facing up. If the purge outlet is facing down,

hydrogen will vent into MicroFID's case.

7 If the cylinder is full, it will take approximately 15 minutes to empty.

8. Watch the Contents gauge. When the cylinder is empty, close the purge outlet. Use the
MicroFID multi-tool to tum the screw clockwise.

9. Replace the battery pack as discussed above..

5.5.3 Replacing the Sample Inlet Filter

MicroFID is equipped with a combined dust and water filter to reduce detector contamination. As the filter
collects dust, MicroFID's inlet flow rate and sensitivity decrease. The filter will not allow water to pass
through, but the filter will not stop gases and vapors.

Replace the filter on a weekly basis, or more frequently if MicroFID is used in a dusty or wet environment.
You must replace the filter if MicroFID has been exposed to liquid water. The pump will sound labored
when the filter requires replacement.

1. Turn off the instrument and unscrew the filter housing from the detector housing. Be careful not to
lose the o-ring seal.

2. Remove the Teflon/Polypropylene filter and install the new filter. Place the filter in the filter
hOUSing with the Teflon side facing down into the filter housing and the mesh side facing the
MicroFID. Handle the filter disk only by the edges. The mesh may be damaged or contaminated
by excessive handling. Use forceps if possible.

3. Replace the filter housing.

4. Calibrate the CAL Memories that you are using before continui!1g operation.

5.6 Troubleshooting

This section provides guidance for troubleshooting the MicroFID. If problems are not corrected through
these troubleshooting methods, contact the Photovac Service Department.
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When the "Check" status is displayed, MicroFID's operation is compromised. Press the <TUTOR> key for
a two-line description of the fault. One exception is the flame out fault. When a flame out fault occurs, the
instrument status changes to "NoFlm."

Fault: Detector flame has gone out.

Cause: The hydrogen gas has run out

Action: Ensure the shut-off valve is open Check the hydrogen contents gauge on the side of the
instrument and refill the hydrogen cylinder if necessary. Ensure the cylinder purge outlet
has been closed.

Cause: Oxygen supply is deficient (Note: This is a Level B PPE condition).

Action: Ensure there is an adequate supply of oxygen. If you are sampling very high
concentrations it is possible you are sampling above the flame out concentration. The
flame out concentration for methane is approximately 52,000 ppm (5.2 percent methane
in air).

A minimum of 17 percent oxygen is required to start the hydrogen flame. The oxygen is
supplied from the sample as it is drawn in by the pump. A minimum of 10 percent oxygen
is required to maintain the hydrogen flame.

Flame out also may occur when sampling enclosed or confined spaces where vapors and
gases cannot escape. Watch for indications of increased flame height such as erratic
readings or sudden high concentrations followed by a flame out fault.

If you will be using the MicroFID in a highly contaminated area where it is possible that
the oxygen content will fall below 10 percent, watch for indication of reduced flame height
such as lowered detection limits or a flame out fault.

Cause: High concentrations of flammable gases (gases within their flammable range) are present. High
concentrations of flammable gases can act as an additional fuel source. When this happens, the
flame height may increase beyond the confines of the combustion chamber. The hydrogen
supply Will then be cut-off and the flame will go out. Monitor LEL conditions and observe action
levels specified in the Health and Safety Plan.

Action: Move to a location where there is an adequate supply of air and restart the flame. See
the information above. Watch for indications of increased flame height such as erratic
readings or sudden height concentrations followed by a flame out fault.

Cause: Exhaust port is blocked.

Action: At low temperatures, water vapor, a by-product of the hydrogen flame, may condense at
the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust
port. If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out
may also result. Operate the MicroFID within the operating temperature range 41 to 105
degrees Fahrenheit. In the event that the flame arrestor becomes clogged, contact the
Photovac Service Department.

019611/P Tetra Tech NUS, Inc.



Subject

PHOTOVAC MICROFID HANDHELD
FLAME IONIZATION DETECTOR

Cause: Sample line is blocked

Number

Revision

ME-15

1

Page
14 of 20

EffectIVe Date
06/99

Action: Ensure the sample line is not obstructed in any way. If you are using the long sample
probe, ensure flow IS maintained through the entire length of tUbing.

Cause: Inlet filter IS plugged.

Action: Replace the inlet filter.

Fault: Signal from zero gas is too high.

Cause: Contamination of sample line or fittings before the detector.

Action: Clean or replace the sample line of the inlet filter.

Cause: Span gas is used instead of zero gas.

Action: Ensure clean gas is used to zero the MicroFID Mark the calibration and zero gas Tedlar
bags clearly.

Cause: Ambient air is contaminated.

Action: If you are unsure about the quality of the ambient air, use a charcoal filter or a supply of
commercial zero grade air.

Cause: Hydrogen supply is contaminated.

Action: Hydrogen may react with the carbon element of the steel tank to produce methane. This
will only occur if the cylinder is in poor condition and if the hydrogen has a high moisture
content. Replace the hydrogen tank. Empty and refill the MicroFID internal cylinder with
fresh hydrogen.

Fault: Signal from the calibration gas is too small

Cause: Calibration gas and zero air are switched.

Action: Ensure calibration gas is used to calibrate the MicroFID. Mark the calibration and zero
gas Tedlar bags clearly. Ensure the calibration gas is of a reliable concentration.

Fault: Detector field voltage is low.

Cause: Internal fault in electronics.

Action: Contact the Photovac Service Department.

Problem: No instrument response detected, yet compounds are known to be present.

Cause: MicroFID has not been calibrated properly.
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Action: Ensure calibration gas is of a reliable concentration and then calibrate the instrument.
After the instrument has been calibrated, sample the Tedlar bag of calibration gas. A
reading equivalent to the calibration gas should be displayed. If not, contact the
Photovac Service Department.

Action:When calibrating the MicroFID, ensure the instrument is level. If the MicroFID is tilted
side to Side, gravity can affect the flame height and cause erroneous readings. If the
sampling location is difficult to reach without tilting the instrument, use the long sample
probe.

Cause: Background contamination from the hydrogen.

Action: It is possible that the hydrogen has become contaminated and is contributing a high
background signal. If the hydrogen supply tank is more than 6 months old it should be
replaced with a new cylinder. When ordering hydrogen, specify Ultra-high purity (99.999
percent pure). Empty the MicroFID hydrogen cylinder (as described in Section 5.52 of
this SOP) and then refill with hydrogen from the new cylinder.

Problem: Date and time settings are not retained.

Cause: MicroFID has not been used for 3 months or more and the intemal battery (not the extemal
battery pack) has been discharged.

Action: Tum MicroFID on and allow it to run until a "LoBaf' status appears. This will take
approximately 15 hours. Remove the battery pack and recharge it overnight. Repeat this
procedure for 3 or 4 days. While MicroFID is running the internal battery is charging.

Problem: Cannot fill the internal hydrogen cylinder to 1800 psi.

Cause: Supply tank has less than 1800 psi of pressure. You can only fill the internal cylinder to a
pressure of less than or equal to the tank pressure.

Action: Fill the internal cylinder to the pressure of the tank or replace the tank with a full one.

Cause: The hydrogen purge outlet is open.

Action: Close the outlet and fill the cylinder.

Cause: There is a problem with the refill adapter.

Action: Contact the Photovac Service Department

Problem: Instrument status shows "Over."

Cause: Rapid change in signal level. The detector electronics have been momentarily saturated.

Action: Wait a few seconds for the status to return to "Ready."

Cause: The detector has become saturated.
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- Action: Move the MicroFID to a location where it can sample clean air. Sample zero air until the
reading stabilizes around "0." If you were using Low Range, switch to High Range.
Calibrate the CAL Memory you were using when the "Over" status appeared.

Problem: Display contrast bars are on or display is blank.

Cause: Battery pack is critically low.

Action: Recharge the battery pack or connect the MicroFID to the battery charger.

Cause: The battery pack is not connected to the instrument properly.

Action: Ensure the battery pack has been aligned correctly. Ensure the battery pack is secured
by the retainer at the rear of the instrument

Problem: Sample flow rate varies from 600 mllmin. +/-10 percent.

Cause: Inlet filter has not been installed.

Action: Install an inlet filter.

Cause: Inlet filter has not been properly tightened onto the detector cap.

Action: Finger-tighten the filter cap.

Cause: Inlet filter is plugged.

Action: Replace the inlet filter.

Cause: Pump has been damaged.

Action: Contact the Photovac Service Department

Cause: Exhaust port is blocked.

Action: At low temperatures. water vapor (a by-product of the hydrogen flame) may condense at
the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust
port. If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out
may also result. Operate the MicroFID within the operating temperature range 41 to 105
degrees Fahrenheit. In the event that the flame arrestor becomes clogged, contact the
Photovac Service Department.

Problem: Flame will not ignite.

Cause: The hydrogen gas has run out.

Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of the
instrument and refill the hydrogen cylinder If necessary. Ensure the hydrogen purge
outlet is closed.

Cause: Oxygen supply is deficient.
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Action: Ensure there is an adequate supply of oxygen. Do not attempt to ignite the flame in a
location where there is the suspicion of encountering greater than 10,000 ppm methane
or the equivalent concentration of a flammable gas. Move to a location where there are
lower concentrations, start the flame and then begin sampling higher concentrations.
Monitor for LEL conditions, following action levels specified in the Health and Safety Plan.
If the flame goes out while you are sampling very high concentrations, it is possible you
are sampling above the flame out concentration. The flame out concentration of methane
is ap'proximately 52,000 ppm (5.2 percent methane in air). A minimum of 17 percent
oxygen is required to start the hydrogen flame. Oxygen is supplied from the sample as it
is drawn in by the pump. A minimum or 10 percent oxygen is required to maintain the
hydrogen flame.

Cause: Exhaust port is blocked.

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense at
the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust
port. If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out
may also result Operate the MicroFID within the operating temperature range 41 to 105
degrees Fahrenheit. In the event that the flame arrestor becomes clogged, contact the
Photovac Service Department.

Cause: Hydrogen supply lines are full of air.

Action: If MicroFID has not been operated for some time, it is possible that the hydrogen supply
lines contain air. Fill the hydrogen cylinder and then open the hydrogen shut-off valve.
Allow the hydrogen to purge the system for about 5 minutes and then turn MicroFID on
and start the flame.

Cause: Hydrogen lines are blocked.

Action: Contact the Photovac Service Department.

Problem: liqUid has been aspirated.

Cause: MicroFID has been exposed to a solvent that can pass through the Teflon/Polypropylene filter.

Action: Contact the Photovac Service Department.

5.7 Transporting MicroFID

When you transport MicroFID, you should empty the intemal hydrogen cylinder and then refill it when you
arrive at your destination (see Section 5.5.2 of this SOP). If you are traveling by passenger aircraft, you
must empty the hydrogen cylinder. You cannot transport MicroFID by passenger aircraft with hydrogen in
the cylinder.

The MicroFID can be shipped to sites. However, if shipment is to be performed while the cylinder still
contains hydrogen, a Hazardous Materials Airbill must be filled out and the package must be properly
marked and labeled. Examples of various completed forms are provided as Figures 6-1 and 6-2.
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The Photovac may be shipped as cargo or carried on as luggage providing there is no hydrogen fuel
source or calibration gas cylinder accompanying the kit. Only personnel who have been property
trained are permitted to offer a hazardous material for shipment. The "Shipping Hazardous
Materials" course offered by Tetra Tech NUS is considered acceptable training for this purpose. Specific
instructions on packaging, labeling, and otherwise preparing a hazardous material shipment are
presented in the Student Manual that accompanies the course If shipping or transporting the hydrogen
fuel source, a Hazardous Materials (or Dangerous Goods) Airbill such as the example in Figure 6-1 must
be completed. When shipping or transporting the calibration gas, a separate Airbill (such as the one
illustrated In Figure 6-2) must be prepared.

7~ REFERENCES

MicroFID Handheld Flame Ionization Detector User's Manual, 1995.

Student Manual from "Shipping Hazardous Materials" course, Tetra Tech NUS, 1999.
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FIGURE 6-1
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EXAMPLE HAZARDOUS AIRBILL FOR METHANE IN AIR
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STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

Division of Groundwater and Individual Sewage Disposal Systems
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Amended:
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May 1992
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May 1995
August 1996

AUTHORITY: These Rules and Regulations are adopted in accordance with Chapter 42-35 pursuant to Chapters 46­
12,46-13.1,23-18.9,23-19.1,42-17.6 and 42-17.1 of the Rhode Island General Laws of 1956, as
amended
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APPENDIX 1
Required Monitoring Well Construction Standards and Abandonment Procedures

1.0 Purpose: to provide minimum standardS for; (a) the procurement ofsamples representative ofgroundwater; and (b)
abandonment procedures for removing the vertical conduit to groundwater.

2.0 Applicability: The monitoring well construction standards herein apply to all permanent monitoring wells installed
pursuant to these regulations. Pursuant to Rule 12.02 of these regulations, wells installed at the direction of other
programs are exempt from Rules 4.0 through 12.0 of this Appendix. A monitoring well is designated permanent
if it exists for more than 180 days. Rule 13 of this Appendix on monitoring well abandonment applies to all
permanent and non-permanent monitoring wells subject to these regulations. Rule 13 also applies to those
piezometers where improper abandonment would result in a reasonable likelihood of groundwater pollution.
Additional requirements may be specified by the Director.

3.0 Prevention of Groundwater Pollution: During well construction and abandonment, every appropriate precaution
shall be taken to prevent introducing pollutants into the groundwater. This shall include, but not be limited to, steam
cleaning and washing of drilling equipment and proper cleaning and storage of well casing. Only potable water
shall be used in well construction and abandonment unless otherwise approved by the Director.

4.0 Construction and Abandonment Standards: The procedures described in this Appendix incorporate minimum
standards. The Director may waive the requirements and allow deviation from these procedures where such
deviations are necessary to procure representative groundwater samples. All deviations from the procedures shall
be documented and provided to the Director. If the Director determines that the deviation from these procedures
will not or does not result in the procurement of samples representative of groundwater, the Director may reqUire
the installation of a new monitoring well.

5.0 Well Casing: All permanent groundwater monitoring wells shall be constructed ofPVC well casing material. All
casing shall have a minimum inside diameter of2.0 inches. Monitoring wells constructed in unconsolidated material
less than 100 feet in depth shall be constructed using a minimum of schedule 40 PVC. Wells greater than 100 feet
shall be constructed using a minimum of schedule 80 PVC.

5.1 Assembly and Installation: All casing shall be constructed of flush threaded joints or threaded coupling
joints. All joints shall be fitted with an "0" ring or wrapped with teflon tape. Solvent welded joints are not
permissible without prior written permission of the Director.

5.2 ExceptIons: The Director may allow alternate well casing material if the pollutant concentrations or
geologic setting require an alternative construction. Alternative materials include but are not limited to:
(a) Teflon; (b) stainless steel; or (c) uncoated or galvanized steel.

6.0 Well Screen: The well screen slot size shall retain at least 90% of the grain size of a filter pack or at least 60% of
the grain size of the collapsed formation. Well screens on wells and piezometers shall not exceed the length
necessary to collect a representative groundwater sample or to determine water table elevation. Well screens shall
be factory slotted. A bottom cap and sump sediment trap shall be installed.

7.0 Filter Pack: The filter pack shall be chemically inert, well rounded and well sorted glass beads or silica-based sand
or gravel of uniform grain size. The filter pack must minimize the amount of fine material entering the well and
shall not inhibit the flow of water into the well. The filter pack shall extend a minimum of one foot, but no more

"\

than 5 feet above the well screen. The filter pack shall not pollute groundwater.
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8.0 Sealing Requirements

8.1 Filter Pack Seal: All monitoring wells installed with a filter pack shall be constructed with a filter pack
seal, such as bentonite flakes or pellets. The seal shall extend to approximately one foot above the filter
pack and shall be properly hydrated.

\

8.2 Annular Space Seal: All monitoring wells shall be installed with an annular space seal that has a
permeability of 1 x 10-7 centimeters per second or less. Materials that meet this criterion include but are not
limited to neat cement grout and cement-bentonite grout. The annular space seal shall extend to the ground
surface seal, except where a road box meeting the requirements ofRule 10.0 of this Appendix is used.

8.3 Ground Surface Seal: All monitoring wells shall be constructed with a continuous pour concrete gfound
surface seal. To avoid frost heaving and to anchor the well, the ground surface seal shall extend to a
minimum of 40 inches below the land surface, unless the well meets one of the requirements of the
exemption described in Rule 8.4 of this Appendix. The ground surface seal shall be flared such that the
diameter at the top is greater than the diameter at the bottom. The top of the ground surface seal shall be
sloped away from the well casing and shall be imprinted with the designation of the monitoring well.

8.4 Exemption from 40 Inch Ground Surface Seal Requirement: As stated in Rule 8.3 of this Appendix, the ground
surface seal shall extend at least 40 inches down the hole from the land surface. Exemptions from this rule are
limited to the following circumstances: 1) where the seal would interfere with proper placement or functioning of
the well screen; and 2) where a road box is used and sand is placed inside and directly below the road box in such
a way as to ensure that any seepage into the road box drains away from the well.

9.0 Protective Cover Pipe: The protective pipe shall consist of a minimum 4 inch diameter metal casing with locking
cap. The protective pipe shall extend from the bottom of the ground surface seal to a minimum of 24 inches above
the land surface. There shall be no more than 4 inches between the top of the well casing and the top of the
protective pipe. The monitoring well designation shall be indicated clearly on the protective cover pipe. A gas vent
and a drain hole shall be installed. A high visibility guard post to prevent destruction of the well may be required.
The Director may request additional protective devices as necessary.

10.0 Road Box: Road boxes are acceptable in locations where protective cover pipes are not suitable. All road boxes
shall be secured and water tight and prevent easy access to the well. The well shall be fitted with a locking, water
tight cap. The ground surface seal for the road box shall be competent such that vehicle traffic will not cause it to
fail. The annular space seal shall extend upward to within one foot of the ground surface seal. One or two feet of
permeable material may be emplaced between the ground surface seal and the annular space seal in order to allow
for the drainage of runoff which may leak into the road box from the ground surface.

11.0 Well Development: Development of all monitoring wells shall be performed no earlier than 48 hours after
completion and before the initial water quality samples are taken. The goal ofwell development is to produce water
free of fine sand, coarser material, drill cuttings, and drilling fluids. The formation shall be allowed to stabilize
for at least 24 hours before groundwater sampling.

12.0 Innovative Well Installation: Innovative wells, including but not limited to Microwells or Geoprobes, that are small­
diameter and are non-destructive to the formation, and which are capable of providing samples representative of
groundwater, need not meet the construction requirements set forth in Rules 4.0 through 11.0 of this Appendix.

13.0 Monitoring Well and Piezometer Abandonment:

13.1 General:
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(a): All monitoring wells and applicable piezometers as described in Rule 1.0 ofthis Appendix that are
no longer used to gather information on geologic or groundwater properties shall be abandon.
pursuant to the provisions of Rule 13.2 of this Appendix. Well abandonment shall take pIa
within 60 days after its use has been terminated, unless a written exemption is received from the
Director for continued use.

(b) Innovative wells: Innovative wells as described in Rule 12.0 of this Appendix shall be abandoned
at the end ofuse in order to remove the conduit to groundwater. Abandonment of innovative wells
shall consist of removal of the well and grouting of the borehole. Innovative wells are exempted
from the abandonment procedures described in Rule 13.2 of this Appendix.

13.2 Abandonment Procedures: The well shall be inspected from the land surface through the entire depth of
the well before it is sealed to ensure against the presence of any obstructions that will interfere with sealing
operations.

(a)

(b)

Regulad•• August)006-סס1·12 1996)

Wells constructed with an impermeable annular seal shall be abandoned by cutting off the casing
a minimum of4 feet below land surface. The remaining casing shall be completely filled with a
neat cement grout or bentonite-cement grout. The remaining hole volume shall be backfilled with
natural material, with the following exception: where backfilling with natural material would result
in a grout plug less than 4 feet long, the hole shall be filled to approximately one foot from the
ground surface with the neat cement grout or bentomte-cement grout.

Wells not known to be constructed with an impermeable annular seal shall be abandoned by
completely removing the well casing and sealing with neat cement or bentonite-cement grout to
approximately one foot from the ground surface. If the casing cannot be removed during the
abandonment of a well, the casing shall be thoroughly ripped or perforated from top to bottom.
except that perforations will not be required over intervals of the well that are sealed with ceme.
The screened portion of the well and the annular space between the casing and the drillhole w
shall be effectively and completely filled with cement or bentonite-cement grout applied under
pressure.
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U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION I

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE
FOR THE COLLECTION OF GROUND WATER SAMPLES

FROM MONITORING WELLS

I. SCOPE & APPLICATION

This standard operating procedure (SOP) provides a general framework
for collecting ground water samples that are indicative of mobile
organic and inorganic loads at ambient flow conditions (both the
dissolved fraction and the fraction associated with mobile
particulates). The SOP emphasizes the need to minimize stress by low
water-level drawdowns, and low pumping rates (usually less than 1
liter/min) in order to collect samples with minimal alterations to
water chemistry. This SOP is aimed primarily at sampling monitoring
wells that can accept a submersible pump and have a screen, or open
interval length of 10 feet or less (this is the most common
situation). However, this procedure is flexible and can be used in a
variety of well construction and ground-water yield situations.
Samples thus obtained are suitable for analyses of ground water
contaminants (volatile and semi-volatile organic analytes,
pesticides, PCBs, metals and other inorganics), or other naturally
occurring analytes.

This ~rocedure does not address the collection of samples from wells
contalning light or dense non-aqueous phase liquids (LNAPLs and
DNAPLs). For this the reader ma¥ wish to check: Cohen, R.M. and J.W.
Mercer, 1993, DNAPL Site Evaluatlon; C.K. Smoley (CRC Press), Boca
Raton, Florida and U.S. Environmental Protection Agency, 1992, RCRA
Ground-Water Monitoring: Draft Technical Guidance; Washington, DC
(EPA/530-R-93-001) .

The screen, or open interval of the monitoring well should be
optimally located (both laterally and vertically) to intercept
existing contaminant plume(s) or along flowpaths of potential
contaminant releases. It is ~resumed that the analytes of interest
move (or potentially move) ~rlmarily through the more permeable zones
within the screen, or open lnterval.

Use of trademark names does not im~ly endorsement by U.S.EPA
but is intended only to assist in ldentification of a specific
type of device.
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Proper well construction and develo~ment cannot be overem~hasized,

since the use of installation techn1ques that are appropr1ate to the
hydrogeologic setting often prevents "problem well" situations from
occurring. It is also recommended that as part of development or
redevelopment the well should be tested to determine the appropriate
pumping rate to obtain stabilization of field indicator parameters
with m1nimal drawdown in shortest amount of time. With this
information field crews can then conduct purging and sampling in a
more expeditious manner.

The mid-point of the saturated screen length (which should not exceed
10 feet) is used by convention as the location of the pump intake.
However, significant chemical or permeability contrast(s) within the
screen may require additional field work to determine the optimum
vertical location(s) for the intake, and appropriate pumping rate(s)
for purging and sampling more localized target zone(s). Pr1mary flow
zones (high (er) permealability and/or high(er) chemical
concentrations) should be identified in wells with screen lengths
longer than 10 feet, or in wells with open boreholes in bedrock.
Targeting these zones for water sampling will help insure that the
low stress procedure will not underestimate contaminant
concentrations. The Sampling and Analysis Plan must provide clear
instructions on how the pump intake depth(s) will be selected, and
reason(s) for the depth(s) selected.

Stabilization of indicator field parameters is used to indicate that
conditions are suitable for sampling to begin. Achievement of
turbidity levels of less than 5 NTU and stable drawdowns of less than
0.3 feet, while desirable, are not mandatory. Sample collection may
still take place provided the remaining criteria in this procedure
are met. If after 4 hours of purging 1ndicator field parameters have
not stabilized, one of 3 optional courses of action ma¥ be taken: a)
continue purging until stabilization is achieved, b) d1scontinue
purging, do not collect any samples, and record in log book that
stabil1zation could not be achieved (documentation must describe
attempts to achieve stabilization) c) discontinue purging, collect
samples and provide full ex~lanation of attempts to achieve
stabilization (note: there 1S a risk that the anal¥tical data
obtained, especially metals and strongly h¥drophob1c organic
analytes, may not meet the sampling object1ves) .

Changes to this SOP should be proposed and discussed when the site
Sampling and Analysis Plan is submitted for approval. Subsequent
requests for modifications of an approved plan must include adequate
technical justification for proposed changes. All changes and
modifications must be approved before implementation in field.

I I . EQUIPMENT

A. Extraction device

Adjustable rate, submersible pumps are preferred (for example,
centrifugal or bladder pump constructed of stainless steel or
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Teflon) .

Adjustable rate, peristaltic pumps (suction) ma¥ be used with
caution. Note that EPA guidance states: "Suct~on pum~s are not
recommended because they may cause degassing, pH modif~cation, and
loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11).

The use of inertial pumps is discouraged. These devices frequently
cause greater disturbance during purg~ng and sampling and are less
easil¥ controlled than the pumps listed above. This can lead to
sampl~ng results that are adversely affected b¥ ~urging and sampling
operations, and a higher degree of data variab~l~ty.

B. Tubing

Teflon or Teflon lined polyethylene tubing are preferred when
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics.

PVC, polypro~ylene or polyethylene tubing may be used when collecting
samples for ~norganics analyses. However, these materials should be
used with caution when sampling for organics. If these materials are
used, the equipment blank (which includes the tubing) data must show
that these materials do not add contaminants to the sample.

Stainless steel tubing may be used when sampling for VOCs, SVOCs,
pesticides, and PCBs. However, it should be used with caution when
sampling for metals.

The use of 1/4 inch or 3/8 inch (inner diameter) tubing is preferred.
This will help ensure the tubing remains liquid filled when operating
at very low pumping rates.

Pharmaceutical grade (Pharmed) tubing should be used for the 'section
around the rotor head of a peristalt~c pump, to minimize gaseous
diffusion.

C. Water level measuring device(s), capable of measuring to 0.01
foot accuracy (electronic ~tape", pressure transducer). Recording
~ressure transducers, mounted above the pump, are especiall¥ helpful
~n tracking water levels during pumping operations, but the~r use
must include check measurements with a water level ~tape" at the
start and end of each record.

D. Flow measurement supplies (e.g., graduated cylinder and stop
watch) .

E. Interface probe, if needed.

F. Power source (generator, nitrogen tank, etc.). If a gasoline
generator is used, it must be located downwind and at least 30 feet
from the well so that the exhaust fumes do not contaminate the
samples.
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G. Indicator field ,parameter monitoring instruments - pH, Eh,
dissolved oxygen (DO), turbidity, specific conductance, and
temperature. Use of a flow-through-cell is required when measuring
all listed parameters, except turbidity. Standards to perform field
calibration of instruments. Analytical methods are listed in 40 CFR
136, 40 CFR 141, and SW-846. For Eh measurements, follow
manufacturer's instructions.

H. Decontamination supplies (for example, non-phosphate detergent,
distilled/deionized water, isopropyl alcohol, etc.).

I. Logbook(s), and other forms (for example, well purging forms).

J. Sample Bottles.

K. Sample preservation supplies (as required by the analytical
methods) .

L. Sample tags or labels.

M. Well construction data, location map, field data from last
sampling event.

N. Well keys.

O. Site specific Sample and Analysis Plan/Quality Assurance Project
Plan.

P. PID or FID instrument (if appropriate) to detect VOCs for health
and safety purposes, and provide qualitative field evaluations.

III.PRELDMINARY SITE ACTIVITIES

Check well for security damage or evidence of tampering, record
pertinent observations.

Layout sheet of clean polyethylene for monitoring and sampling
equipment.

Remove well cap and immediately measure VOCs at the rim of the well
with a PID or FID instrument and record the reading in the field
logbook.

If the well casing does not have a reference point (usually a V-cut
or indelible mark in the well casing), make one. Describe its
location and record the date of the mark in the logbook.

A synoptic water level measurement round should be performed (in the
shortest possible time) before any purging and sampling activities
begin. It is recommended that water level depth (to 0.01 ft.) and



SOP #: GW 0001
Region I Low Stress

(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996
Page 5 of 13

total well depth (to 0.1 ft.) be measured the day before, in order to
allow for re-settlement of any particulates in the water column. If
measurement of total well depth is not made the day before, it should
not be measured until after sampling of the well is complete. All
measurements must be taken from the established referenced point.
Care should be taken to minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLs
before the initial sampling round. If none are encountered,
subsequent check measurements with an interface probe are usually not
needed unless anal¥tical data or field head space information signal
a worsening situatlon. Note: procedures for collection of LNAPL and
DNAPL samples are not addressed in this SOP.

IV.PURGING AND SAMPLING PROCEDURE

Sampling wells in order of increasing chemical concentrations (known
or anticipated) is preferred.

1. Install Pump

Lower pump, safety cable, tubing and electrical lines slowly (to
minimize disturbance) into the well to the midpoint of the zone to be
sampled. The Sampling and Analysis Plan should specify the sampling
depth, or provide criteria for selection of intake depth for each
well (see Section I). If possible keep the pump intake at least two
feet above the bottom of the well, to minimize mobilization of
particulates present in the bottom of the well. Collection of turbid
free water samples may be especially difficult if there is two feet
or less of standing water in the well.

2. Measure Water Level

Before starting pum~, measure water level. If recording pressure
transducer is used-lnitialize starting condition.

3. Purge Well

3a. Initial Low Stress Sampling Event

Start the pum~ at its lowest speed setting and slowly increase the
speed until dlscharge occurs. Check water level. Adjust pump speed
until there is little or no water level drawdown (less than 0.3
feet). If the minimal drawdown that can be achieved exceeds 0.3 feet
but remains stable, continue purging until indicator field parameters
stabilize.

Monitor and record water level and pumping rate every three to five
minutes (or as appropriate) during purging. Record any pumping rate
adjustments (both time and flow rate). Pum~ing rates should, as
needed, be reduced to the minimum capabilitles of the pump (for
example, 0.1 - 0.4 l/min) to ensure stabilization of indicator
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parameters. Adjustments are best made in the first fifteen minutes
of pumping in order to help minimize purging time. During pump
start-up, drawdown may exceed the 0.3 feet target and then "recover"
as pump flow adjustments are made. Purge volume calculations should
utilize stabilized drawdown value, not the initial drawdown. Do not
allow the water level to fall to the intake level (if the static
water level is above the well screen, avoid lowering the water level
into the screen). The final purge volume must be greater than the
stabilized drawdown volume plus the extraction tublng volume.

Wells with low recharge rates may require the use of special pumps
capable of attaining very low pumping rates (bladder, peristaltic),
and/or the use of dedicated equipment. If the recharge rate of the
well is lower than extraction rate capabilities of currently
manufactured pumps and the well is essentially dewatered during
purging, then the well should be sampled as soon as the water level
has recovered sufficiently to collect the appropriate volume needed
for all anticipated samples (ideally the intake should not be moved
during this recovery period). Samples may then be collected even
though the indicator field parameters have not stabilized.

3b. Subsequent Low Stress Sampling Events

After synoptic water level measurement round, check intake depth and
drawdown information from previous sampling event(s) for each well.
Duplicate, to the extent practicable, the lntake depth and extraction
rate (use final pump dial setting information) from previous
event(s). Perform purging operations as above.

4. Monitor Indicator Field Parameters

During well purging, monitor indicator field parameters (turbidity,
temperature, specific conductance, pH, Eh, DO) every three to five
minutes (or less frequently, if appropriate). Note: during the early
phase of purging emphasis should be put on minimizing and stabilizing
pumping stress, and recording those adjustments. Purging is
considered complete and sampling may begin when all the above
indicator field parameters have stabilized. Stabilization is
considered to be achieved when three consecutive readings, taken at
three (3) to five (5) minute intervals, are within the following
limits:

turbidity (10% for values greater than 1 NTU) ,
DO (10%),
specific conductance (3%),
temperature (3%),
pH (± 0.1 unit),
ORP/Eh (± 10 millivolts) .

All measurements, except turbidity, must be obtained using a flow­
through-cell. Transparent flow-through-cells are preferred, because
they allow field personnel to watch for particulate build-up within
the cell. This build-up may affect indicator field parameter values
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measured within the cell and may also cause an underestimation of
turbidity values measured after the cell. If the cell needs to be
cleaned during purging operations, continue pumping and disconnect
cel~ fo~ clean~ng, ,then reconnect after cleaning and continue
monltor1ng act1v1t1es.

The flow-through-cell must be designed in a war that prevents air
bubble entrapment in the cell. When the pump 1S turned off or
cycling on/off (when using a bladder pump), water in the cell must
not drain out. Monitoring probes must be submerged in water at all
times. If two flow-through-cells are used in series, the one
containing the dissolved oxygen probe should come first (this
parameter is most susceptible to error if air leaks into the system).

5. Collect Water Samples

Water samples for laboratory analyses must be collected before water
has passed through the flow-through-cell (use a by-pass assembly or
disconnect cell to obtain sample) .

VOC samples should be collected first and directly into pre-preserved
sample containers. Fill all sample containers by allowing the pump
discharge to flow gently down the inside of the container with
minimal turbulence.

During purging and sampling, the tubing should remain filled with
water so as to minimize possible changes in water chemistry upon
contact with the atmosphere. It is recommended that 1/4 inch or 3/8
inch (inside diameter) tubing be used to help insure that the sample
tubing remains water filled. If the pump tubing is not completely
filled to the sampling point, use one of the following procedures to
collect samples: (1) add clamp, connector (Teflon or stainless
steel) or valve to constrict sampling end of tubing; (2) insert small
diameter Teflon tubing into water filled portion of pump tubing
allowing the end to protrude beyond the end of the pump tubing,
collect sample from small diameter tubing; (3) collect non-VOC
samples first, then increase flow rate slightly until the water
completely fills the tubing, collect sample and record new drawdown,
flow rate and new indicator field parameter values.

Add preservative, as required by anal¥tical methods, to samples
immediately after they are collected 1f the sample containers are not
pre-preserved. Check analytical methods (e.g. EPA SW-846, water
supply, etc.) for additional information on preservation. Check pH
for all samples requiring pH adjustment to assure proper pH value.
For VOC sam~les, this will requ1re that a test sample be collected
during purg1ng to determine the amount of preservative that needs to
be added to the sample containers prior to sampling.

If determination of filtered metal concentrations is a sampling
objective, collect filtered water samples using the same low flow
procedures. The use of an in-line filter is required, and the filter
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size (0.45 um is commonly used) should be based on the sampling
objective. Pre-rinse the filter with approximately 25 - 50 ml of
ground water prior to sample collection. Preserve filtered water
sample immediately. Note: filtered water samples are not an
acceptable substitute for unfiltered samples when the monitoring
objective is to obtain chemical concentrations of total mobile
contaminants in ground water for human health risk calculations.

Label each sam~le as collected. Samples requiring cooling (volatile
organics, cyanlde, etc.) will be placed into a cooler with ice or
refrigerant for delivery to the laboratory. Metal samples after
acidification to a pH less than 2 do not need to be cooled.

6. Post Sampling Activities

If recording pressure transducer is used, remeasure water level with
tape.

After collection of the samples, the pump tubing may either be
dedicated to the well for resampling (by hanging the tubing inside
the well), decontaminated, or properly discarded.

Before securing the well, measure and record the well depth (to 0.1
ft.), if not measured the day before purging began. Note:
measurement of total well depth is o~tional after the initial low
stress sampling event. However, it lS recommended if the well has a
"silting" problem or if confirmation of well identity is needed.

Secure the well.

V.DECONTAMINATION

Decontaminate sampling equipment prior to use in the first well and
following sampling of each subsequent well. Pumps will not be 1
removed between purging and samplin9 operations. The pump and tubing
(including support cable and electrlcal wires which are in contact
with the well) will be decontaminated by one of the procedures listed
below.

Procedure 1

The decontaminating solutions can be pumped from either buckets or
short PVC casing sections through the pump or the pump can be
disassembled and flushed with the decontaminating solutions. It is
recommended that detergent and isopropyl alcohol be used sparingly
in the decontamination process and water flushin9 steps be extended
to ensure that any sediment trapped in the pump lS removed. The
pump exterior and electrical wires must be rinsed with the
decontaminating solutions, as well. The procedure is as follows:

Flush the equipment/pump with potable water.
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Flush with non-phos~hate detergent solution. If the solution is
recycled, the solutlon must be changed periodically.

Flush with potable or distilled/deionized water to remove all of
the detergent solution. If the water is recycled, the water must
be changed periodically.

Flush with isopropyl alcohol (pesticide grade). If equipment
blank data from the previous sampling event show that the level of
contaminants is insignificant, then this step may be skipped.

Flush with distilled/deionized water. The final water rinse must
not be recycled.

Procedure 2

Steam clean the outside of the submersible pump.

Pump hot potable water from the steam cleaner through the inside of
the pump. This can be accomplished by placing the pump inside a
three or four inch diameter PVC pipe with end cap. Hot water from
the steam cleaner jet will be directed inside the PVC pipe and the
pump exterior will be cleaned. The hot water from the steam
cleaner will then be pumped from the PVC pipe through the pump and
collected into another container. Note: additives or solutions
should not be added to the steam cleaner.

Pump non-phosphate detergent solution through the inside of the
pum~. If the solution is recycled, the solution must be changed
perlodically.

Pump potable water through the inside of the pump to remove all of
the detergent solution. If the solution is recycled, the solution
must be changed periodically.

Pump distilled/deionized water through the pump. The final water
rinse must not be recycled.

VI.FIELD QUALITY CONTROL

Quality control samples are required to verify that the sample
collection and handling process has not compromised the quality of
the ground water samples. All field quality control samples must be
prepared the same as regular investigation samples with regard to
sample volume, containers, and preservation. The following quality
control samples shall be collected for each batch of samples (a batch
may not exceed 20 samples). Trip blanks are required for the VOC
samples at a frequency of one set per VOC sample cooler.

Field duplicate.

Matrix spike.
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Matrix spike duplicate.

Equipment blank.

Trip blank (VOCs).

Temperature blank (one per sample cooler) .

Equipment blank shall include the pump and the pump's tubing. If
tubing is dedicated to the well, the equipment blank will only
include the pump in subsequent sampling rounds.

Collect samples in order from wells with lowest contaminant
concentration to highest concentration. Collect equipment blanks
after sampling from contaminated wells and not after background
wells.

Field duplicates are collected to determine precision of sampling
procedure. For this procedure, collect duplicate for each analyte
grou~ in consecutive order (VOC original, VOC duplicate, SVOC
origlnal, SVOC duplicate, etc.).

If split samples are to be collected, collect split for each analyte
group in consecutive order (VOC original, VOC s~lit, etc.). Split
sample should be as identical as possible to orlginal sample.

All monitoring instrumentation shall be operated in accordance with
EPA analytical methods and manufacturer's operating instructions.
EPA analytical methods are listed in 40 CFR 136, 40 CFR 141, and SW­
846 with exception of Eh, for which the manufacturer's instructions
are to be followed. Instruments shall be calibrated at the beginning
of each day. If a measurement falls outside the calibration range,
the instrument should be re-calibrated so that all measurements fall
within the calibration range. At the end of each day, check
calibration to verify that instruments remained in calibration.
Temperature measuring equipment, thermometers and thermistors, need
not be calibrated to the above freguency. They should be checked for
accuracy prior to field use accordlng to EPA Methods and the
manufacturer's instructions.

VII.FIELD LOGBOOK

A field log shall be kept to document all ground water field
monitoring activities (see attached example matrix), and record all
of the following:

Well identification.

Well depth, and measurement technique.

Static water level depth, date, time and measurement technique.

Presence and thickness of immiscible liquid (NAPL) layers and
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detection method.

Pumping rate, drawdown, indicator parameters values, and clock
time, at the appropriate time intervals; calculated or measured
total volume pumped.

Well sampling sequence and time of each sample collection.

Types of sample bottles used and sample identification numbers.

Preservatives used.

Parameters requested for analysis.

Field observations during sampling event.

Name of sample collector(s).

Weather conditions.

QA/QC data for field instruments.

Any problems encountered should be highlighted.

Description of all sampling equipment used, including trade names,
model number, diameters, material composition, etc.

VIII. DATA REPORT

Data reports are to include laboratory analytical results, QA/QC
information, and whatever field logbook information is needed to
allow for a full evaluation of data useability.
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Location (Site/Facility Name) Depth to / of screen
Well Number Date (below MP) top bottom
Field Personnel Pump Intake at (ft. below MP)
Sampling Organizat1on Purging Device; (pump type)
Identify MP

Clock Water pum
1

Purge Cum. Temp. Spec. pH ORP/ DO Turb- Comments
Time De1th Dia 1 Rate Volume Cond. 2 Eh 3 idity

be ow Purged
MP

24 HR ft ml/min liters °c ~S/cm mv mg/L NTU

1. Pump dial setting (for example: hertz, cycles/min, etc).
2. ~Siemens per cm(same as ~os/cm)at 25°C.
3. Oxidation reduction potential (stand in for Eh).



TOTAL VOLATILE ORGANIC COMPOUNDS JAR HEADSPACE SCREENING

The samples will be logged by the rig geologist, and standard headspace analysis

will be performed using a flame ionization detector (FlO) qr photoionization detector
I

(PIO) field survey instrument as described below:

1. Half-fill one clean glass jar with the sample to be analyzed. Quickly cover each

open jar top with one sheet of clean aluminum foil and subsequently apply the

jar screw cap to tightly seal the jar. The jar must have a volume of 8 ounces or

greater.

2. Shake the jar vigorously for 15 to 30 seconds and then allow the headspace to

equilibrate for at least 10 minutes. When ambient temperatures are below 32

degrees F, the headspace equilibration should occur within a heated vehicle or

building.

3. After headspace equilibration, remove the jar lid to expose the foil seal. Quickly

puncture the foil seal with the FlO probe tip, to a point approximately one-half of

the available headspace depth. Exercise care when penetrating the foil seal in

order to avoid uptake of water droplets or soil particulates.

4. Following the probe insertion through the foil seal, record the highest meter

response as the total VOC headspace concentration. The maximum response

should ocur between 2 to 5 seconds after the insertion of the probe tip. Longer

periods may create a vacuum inside the sample jar. Erratic meter response may

occur at high VOC concentrations or conditions of elevated headspace water·

vapor iin which case the headspace data should be considered suspect for that

sample.

NOTE: The presence of methane can also interfere with the response of a FID

instrument. FIDs have a very sensitive response to methane and which can

mistakenly be considered as a high total VOC concentration. If methane is

potentially present (e.g., landfill or wetland), a PID instrument may be

substituted or used in unison with the FID. The PID Instrument does not

respond to methane. however high humidity can result in a poor VOC response.



APPENDIXC

TtNUS FIELD DOCUMENTATION FORMS



BORING LOG FOR.

PROJECT NO.:

LOGGED BY:

DRILLED BY (Company/Dnller):

GRD SURFACE ELEVATION

TRANSCRIBED BY: _

ELEVATION FROM

BORING NO.

START DATE.

COMPLETION: DATE:

MON WELL NO.:

CHECKED BY'

-, ~ ......""~"""'-.... ...""""'.,. """, -_..... .<.." "" .~.. ~ w ., ""-,,""" «~'- ,~

-- ~ - >SAMP SAMPLING DEPTH SOIL USCS REMARKS FIELD
DEPTH BLOWS REC. llME MArl DENSITY/ MATERIAL or (moisture condition, SCREENING
(FEET) PER / & CHGJ CONSIS CLASSIFICATION ROCK odors; geological DATA

6" SAMP SAMPLE NO WELL or ROCK CLR BRKN classlficallon, rock METHOD =
LENG (QA/QC STATUS) PROF'L HARD. weatherino; etc.) IFID, (PPM)l

/
/
/

/

/
/

/
/

TYPE OF DRILLING RIG: Tetra Tech NUS, Inc

METHOD OF ADVANCING BORING:

@METHOD OF SOIL SAMPLING'

METHOD OF ROCK CORING:

GROUNDWATER LEVELS:

OTHER OBSERVATIONS. I BORING NO.: PAGE. OF

lINUS Form 0018



Page of -

(11:) TETRA TECH NUS, INC. SAMPLE LOG SHEET· sOLIe PHASE

Site Name: Tetra Tech NUS Charge No.
Sample ID: QC Information: (if applicable)

Sample Method: TYPE OF SAMPLE: (Check all that apply)

Depth Sampled: feet
Sample Date & Time: __/__/__ hours Dup__hours -- Soil __ Trip Blank*

-- Sediment Rinsate Blank*
Sampler(s): __ Lagoon/Pond __ Field Duplicate collected

-- Grab __ Other (Specify):

Data Recorded By:
Description: (Sand, Clay, Muck, Peat, Dry, Moist, Wet, Etc.)Signature

PID/OVA Monitor Reading: ppm

.

SAMPLE DATA/REMARKS: '

ANALYSIS BODLE LOT f\b. NOTES/SKETCH:

TtN.orm 0005



(11:) TETRA TECH NUS. INC, SAMPLE LOG SHEET· LIQUID PHASE

Site Name: Tetra Tech NUS Charge No.
Sample 10: QC Infonnation: (if applicable)

Sample Method/Device: TYPE OF SAMPLE: (Check all that apply)
Depth Sampled: feet Total Depth feet (SW Only)
Sample Date &Time: __/__/__ hours -- Groundwater __ Trip Blank*

Sampler(s): -- Surface Water Rinsate Blank*
__ Residential Supply __ Field Duplicate Collected

-- Grab __ Other (Specify):
Recorded By: __ Composite

Signature *include sample source & lot No.

WELL PURGE DATA: Micro Tip/OVA Monitor Readina: ppm
Well Depth feet Purge Start hrs Sampling/Purge Data:

Vol. # Temp ?C pH Spec. Condo DO
Inside Diameter Inches Purge Stop Time hrs

0 -- --
1 -- --
3 -- --
4 -- --

Water Level feet Total Gallons Purged

Well Volume gal Purge Method

Color: Turbidity: CLRlSL CLDY/CLDY/OPAQ

ANALYSIS BOTTLE LOT NO. TRAFFIC REPORT NO. COMMENTS

ORGANIC INORGANIC

TtNUS Form 0004



@ TETRA TECH NUS, INC. WELL DEVELOPMENT DATA SHEET Well No.:

PROJECT: DATE:

PROJECT NO.: WEATHER:

SAMPLE 10: PERSONNEL:

Well Screen Depth: / ft. bgs Pump Type/Material: Total Purge Volume = (gal)

H&S Monitoring Instrument Reading Pump Intake Depth: Data Recorded By:

Time Water Level Volume Flow Rate Temp pH Sp Cond DO Turbidity Comments
ft below top PVC mL mUmin °C mS/cm mg/L NTU

TtNUS Fonn 0013 Page_ of_



@ TETRA TECH NUS, INC.

VOC SOIL SAMPLE COLLECTION/PRESERVATION LOG SHEET

Sample Container Lot # _ Preserved in the field Date: _

LOW CONCENTRATION VOC HIGH CONCENTRATION LAB

Bottle Vial 10 Volatile Free
Tare Weight Final Weight Soil

Methanol
Tare Weight

Final
Soil Final Weight

Sample #
Letter Number Water

Vial + 5 ml H2O Vial + H~ + Sample
(mL)

Vial +
Weight (g)

Sample Vial + Pres. +
(g) Sample (g) Weight (g) Pres. (g) Weight (g) Sample (g)

-

TtNUS Form 0040

Note: Tare weight = vial, preservative, cap and magnetic stirrer, if applicable

Laboratory Analysts Initials: _ Date: _



FLUSH MOUNT MONITORING WELL CONSTRUCTION LOG TETRA TECH NUS INC

PROJECT NO

'WELL NO,_.:..--------,-------------------

PROJECT NAME

PROJECT LOCATION

CLIENT'.

" ,

- " ' "

BORING, LOCAtiON . ' ; ,

, , '

BORING NO

DRILLER', -'-:----'--,,-'-_.,----,

_'_'_'_-:---"- DATE

'__,----'-'------'-_--:_--'--__ QATE.

CONT~Po.R '

L()GGED: BY .'

CHECKED BY , .

> ,.. '

':

, , '
' . ....r (..:, oj "

~ \ ... ,

FLUSH MOUNT- PROTECTIVE CASING
~ . ..: )

, '
"", r-,'~ '~,,,,>. ,

..; ,
'r ,r

, ,

" ,
...,~, ,

" ., :::: ", .. -,' ...:': ~. ~ "

'. , '

++---;-' TYPE OF BACKFILL:(GRQUT)'
BELOW FILTE~ PACK ,',' ,',

,"

+-- DEPTH BOTTOM OF: 'SEAL (rt )" , '_ ;

t-=-.,-+-+-----,--,DE~n{ TQP:OF P~R~O~S, SE~TlO~ (Ft.l', " " ,

1+--,-''DiAMETER' OF' BOREHOLE (In) " . ~' (
-''',I-"I---'--:TYPE'OF. PERVIOUS.SECTlON ,,":--,__----'-_:.,,-'-'.:.....0'7"-'.:...

'~I--+-'-' -'.:....': TYPE. OF 6PE.NING~::',:", , ' .,:,' _.-:-.,_'-".''-:-,"_:"----'-',';'-:'?_~';:...;_:',...;_

" ..,1---11---- PERVIOUS 'SECTiON (I~ )",' '; ·'1 D ." ~: ,6"D:~ .,::,~:<; ".'"j.. :' ..~ ,
~_i_'_ ~PE\OF"F1lTE~' PAt~;~~~UND ~', --'~---- ':,)~" " '''. ~

'PERVIQUS S~CTION" • .' ,y-

-.='*-+--- DEPTH BOTTOM OF PERVI~U,S S~CTION '(rt )'

~':""""---'':'+f---'- DEPTH "Bonoi.r OF:FILTER PACK (Ft) ,
, ~, ' ' '< :.~ ': t - ,

; "')

, - ~ ,

. "'-',

. , ::.'

,\ A.

"
~ '" '. .:;"

,\~ { ",

'\ ... ' \
',-'i';:, ,

~ ,

~ , ;

" '
/ '-

.... :".
,>' < ' ',", . .
:, ; ~' . ~ , ~

, _. r ~

. ' u';__ , 'Y~.

'; , .~ ~ ~ : ~, ,:

. "
~, ' ~

'..
, " ..

, .

.. ) '---'---""--- END OF BORING' , J

,',., '

GE'N'E RA l' N'o T,E

'1 Entry of 0DO toi Ground Ehlvollon Indlt;oles lhot Surveyed Ground ElevoiJon IS '
, NOT Avmloble' ' " ., '

,',

TtNl,JSiFonn 0058



OVERBURDEN MONITORING,WELL'CONSTRUCTION LOG , " TETRA'TECH NUS', INC;

\ " .. ~:. > ~"

: '.

°'1'

,: :':;t~';' '" , ' "",:,, ~»,,~}~?:~\'::::~:~)){';~:,;g~;'::~;;,:,,)\,i~'>'::~~; h!
"""'-"HI-"--':-'--'-~',":-," LENGTH OF PROTECTIVE 'CASING ,'ABOVE c, .. ,'X<'""";,',,~",x:,,

G~?U~~ :S'¥~~F~CE (Ft:' )t> '-:,: ,",A t~:<>~-:~:~~;~i',:~~~"::<~:~ ~~~:-~: /\r';~':~~ l ~;~:/\~~
LE~GT!i ()E.:.' RI SE~ PI PE,: ABO'{E;>:GRpU]!?,V'«':':,," ,; ',"" 'c, ,"! ,,\:,.': :','},~".

~:' '-';;.

4,:,'; ;;,' ':OEPTH' ',TO"BOTTOM 'OF SURFACEL, SEAL" '(E:t'.')'>;\ ""ti'c' ",,~"'n:':', ;7,' ,yo •
: ~A~~?~ ~:,~:,~~?{~'3,t~~>,:';;i'~~< ~ .~ ..: " ',"'v", ~ ,~_:~,:~;~~,~~O~~~~lt~<i~~':~t~/~~>;g~~~~~:;:J!,:~""t:~~i:~·r:::'~~
, "', ,·1, D;, OF, PROTECTIVE CASI,NG ,('In';,)I,"'";''''' ,y~"<,,•.$.. ,;" ~, ;v ' " , ," ,

~ )-:' ~~:~~ / ,,''''1:~ :;'1"~~, l"~~¥~ ~: ',~ ';. A_ ~'~_~--f.j;:)<~>'~~~~";;~~~)'~~~~:$':~_P,:i",,~f,~,.)·~~~N..",'~ ~;,
\ :~" ;,' C~"~~l~~'~YePp,:Ot,~,;?ROTEqIVE:,Cf.~ ~,~G';\}J~;;?:-;;,~~17~:'{~~; ',: '~:;'~;';;;'::,:~;:'~":~, ~,~'a,,:: ;
~ ,,' :>;~('1< ~·:)Z;.{f~~~<r ~:,.-.... r) , ~ , S " . " ,,: ~ > ",_ ~ .d;.;~;~~~..,,;:-:"/~.::~t~z5-~;~~w~...:t~v~s. \<~, ,:;f, ~1 ~

" ,>,,:' "~ ',)DEPTH,'BOTTOM ·OF.' PROTECTIVEYcASING ;,( Ft);<)"~":'<:'; ~' ,1':fii'';. ".'if;:- ," ,.:' i -; ,

~~;~:,~~A~ ',j.o:;~ ;~~;;".; ",<t~. .. ' ~ ,'-,; ) ~"'~~ ~ ~> ~:,", >-:>~:;(f~~;:;~~}~~!~:1: ~' "~~0'%~;~?}1'~~> :l:' .'~ " :;,~} "%,::
~ ~'~DEP'i;H' BOTTOM ,OF, DRAIN,:LAYER;; (Ft'e')';>.~";"{-:,{o ',,"-+';<, ,,' , ' :'.i;,',,\ :.

~ (, I~~~£:~I,~!~~ ~~;::-t:~.:~:.~S'~ ~'~,' .~,:' ~ _ ',.,.~~ :~,., ~<:~;~~~~~~~:~:~~~~~~~'/t~~~~~~;~~;~~v>F ;i:~f~~ :~J;~~,
'v>~ ,.. RISER PIPE,,('In.)I.D'.: e, ;,x. ,','"O;D,;':,,,,,""-~'~.,.,,,,~,,,, '

"~' ~~~~~~t~?i!;~G:~ ,,,i. ','1 ;,£~';:~~'{~~:;~'~'~~1'y~)t '~;:~
, ,> .\, , (TyPE':OF. BACKFILL' AROUND ,R-I'SER '.pIPE'," ,,~ ',~, ' , " ,'r.., ~ ""

, .. ' '~,~<k;,,~~,;"~~);~;,:< :')'" ~ '\< /1;~F' ' ~~ "~3~JC~«y"'-< });~\~~":,'~<~'
c', "'.;;"h,'''"'''-':'' . ~~'DEPTH.TOP OF ,SEAL, (Ft.) '" ", ;.',t,', ..' ,,:" "', "

:~. '. ~: ;'<,,' '~~~~'~~~( ~i-'-, ~"- - ~! " ,?:'~r)~{~'f:;';.:~~ ~~~~~',.) ,<'~" • '- ::~:- .. '> ,"~'/~~~, '~,.~ '~/\":,~:~' ~~t "!\.~';'~,'~
~",'>:,,'.', "y$-t",,<~,"~ .-:.-.,... ' 'i~J;\)~'-<;"""'TYPE'OE-<"YSEAL ''tit', '''';~>''''~r.'r.:'~d'''<:''>';~''",<,t'<:~'~"t'~14( ," 1 " ~T;. ~,

',' 'Lt:;~J:':": {,;,ct:, /1 ~~'4\~~~~'~'~~~"Ac;:'):;~~'::',~~~~~~~~i~~~\<M:';
::",'. ,c, , '~<~'\:', ;'(:. :: "':'.' " '. i'.:,::," "DEPTH' ,TOP, OF'P,ERVIQUS' SECTION:(Ftn::'; ,;'r';,y",<§".,f""'>",~,"

'.:;.;'" .···':·;:{~~J?,~!ii~r;ii'··"i~: ~ ;;':: ,:;:~~~~~r~;::E;;P;~~;,:~'~::~f~0J~~,i~~~1;:;jJ:,
, r:.~..,::\~' },,?t'{,.·~~: r"~' ~ " .t": 5".: PER"!'IOUS' SECTION (In.I·~D" •." '<", ,»::::::J~ ~d<D'.:;·,4:'\, }f' '~'~ ~~_'())/'

~ ': ¥~ • .'; <' S' ~ .~ ~...~~y? ;~:. ~.~~~, 't ' .;" ~ ;~ :; ~''', -~')~;'~{:~~,;<' ~> ~.~ ~~~~> " ." 7' < " .,.<:, ,_A ,~:, - ,,:A ~ :ti:;'(~~>-;~~ ~i"~t;~;;'i(i'~;' .:Z~:~~" 1p~; ~~
. " ~~ ~ ,'f,.~~,' ~,!A<, ~ ~v':: ~ ;~.. y ,J' TYPE OF'· FILTER PACK AROUND:"-, ,>~ ~~"'/~'i>·/".j\~\:;'1<:~~t71\.", '~{', '.!'.}

; 7. <~:: :-. ~/>,r~:~7:~" <, -:; "> ;,::, ~, ': ~\; ~ ,.. ,'" , -P~~?~~~'~~iS5~J~O~',:,'::- ~ <~~'..> .::~}!~~::~~;~;;>;:~jit~~~i;,S·:::'~<;~_:{'/
~.'''\ ,,'>?':~,,8 ~~vL·>:.,"" ~~";.~."'~ --"w~ \ .... ~... _~::~"I'~:B.'{DE~'J.'H'BO~TOM O~,~P~RVIOUS,S~C,TIO~ (Ft&)'""~"'!!",~'\t:'z..V'X~~·"~,<'"J, ..",, ~r"1~A

.~... .. ", ': ..J"»lf~:<:,~',~::'>: ~ :":'> ::' ,:', ~~~' :''':)~'>'?~;'l;' ;~:> ,~r"·:',',:>i ~: ' ,:',:.' " »'.' ,: ;>C:":;::':,;l:/:\,{i~j~,:~~~/~~'i~~'f~,d,<')'
, • d" _ ',~ , '; > i)" '" "" >, " '"," 0 " • ',' -,'DEPTH, BOTTOM OF FILTER 'PACK, (Ft':: )'~" ,'~-'j'> '.... > C. ,I> ", ",' :

:r>', ".'~,;},~3{~t:' ~:'.." ,:" ": <: ::~, :',:::, '~:i;~~:;,'.::' ~"':~):~~; ~~!:'f": r:~" :" <::' ",': ;;,,~~~~,~'~~:Ir::~:V?~~~~~~~'J'~;;;:~:,~~j,:;:'::~::~
, ,; v ; ,', , 1::" ,':,;"'~"~ ",'"" "J" ", '" : .:':,,: TYPE' OF<'BACKFILI:,BELOW FILTER"PACK:'.; __ ,:,;;r., "'<"'"''''1''' , .. ',,' , -

, "

~ ,i". Entry' of 0.00' f6i::Ground iaevatl.on: Elev.{. Top of Riser.· 'p~pe~/& Ele-v ;vTop';of <'Protective Cas~1.ng "" > ': l. t';~-: ~;-~~~ '1"-.., J'~'" ~' ~'~',' , '

:',\~i:ndicate; that,CSu.rveyed>G~ouild 'ElevatJ.on N~t)A~a-1.1abie.·-"':"''':-""~""~<~:J'>' :',~ ,\: _ ,",~" '~",>."'..~>' <~'~~:Sr.'.~~\~{~~;;-~~~;~J( ,>':'~ ~
, • '- ,;. ,." \'.-' ,,_,~ .<'.'" ,~ ';'.)' -'- 'Ie '- J\.' "'''',,) "F'~"' ~,.~'I<>,,~O,~lv'E"::-; ,~,-,,>¥~,



('11:) TETRA TECH NUS, INC.
PHOTOIONIZATION DETECTOR FIELD CALIBRATION LOG

Serial No.: Model No.: Decal No.:

Site NamelLocation: Tetra Teeh NUS Charge No.:

CALIBRATION STANDARD GAS- CALIBRATION READING CALIBRATION CHECK SIGNATURE COMMENTS
DATE ISOBUTYLENE Isobutylene Equlv. (ppm) Isobutylene EqUiv. (ppm)

Lot #
Cone. = ppm

Lot #
Cone. = ppm

Lot #
Cone. = ppm

Lot #
Cone. = ppm

Lot #
Cone. = ppm

Lot #
Cone. = ppm

Lot #
Cone. = ppm

Lot #
Cone = ppm

Lot #
Cone. = ppm

TtNUS Form 0006



(11;) TETRA TECH NUS, INC. SAMPLE COLLECTION SUMMARY RECORD

PROJECT NAME: TETRA TECH NUS CHARGE NUMBER:

SAMPLING EVENT: CASE NO.: DAS NO.:

DATE TIME SAMPLE LOCATION FIELD QC COMMENTS

,

TtNUS Form 0012



(~) TETRA TECH NUS, INC. YSI 6820 MULTIPARAMETER METER

Serial No.: Model No.: Decal No.:

Site Name: Job No.:

Instrument is calibrated in accordance with Manufacturer's Instructions

DATE Pre Calibration Readings Post Calibration Readings PM Check Calibration SrDs (lot #'s) Signature Remarks

Condo mS/cm

pH=40

pH=70

pH=10 0

0.0 mgfl

REDOXmV

Turbidity 0 NTUs

Turbidity 100 NTUs

Temp'C

SalimlyO/OO

DATE

Cond mS/cm

pH=4.0

pH=7.0

pH=10.0

DO mgfl

REDOXmV

Turbidity 0 NTUs

TUrbidity 100 NTUs

Temp'C

Salinity 0/00

TtNUS Form 0024



(11:) TETRA TECH NUS, INC. HORIBA U-10 WATER QUALITY CHECKER

Serial No.: Model No.: Decal No.:

Site Name: Job No.: Buffer Lot No.:

Instrument is calibrated in accordance with Manufacturer's Instructions

Calibra- Initial Readings ~Inal Readings
tion Date Signature Comments

Condo TUrbidity 0.0 Temp Condo TUrbidity 0.0 Temp.
pH=40 m/cm NTUs mgll (Cl Salinity pH=4.0 m/cm NTUs mgll (C) Salinity

-

TtNUS Form 0023



(-II;) TETRA TECH NUS, INC.

Site Name:

Project f\lumber:

Personnel:

Date:

GROUNDWATER LEVEL MEASUREMENT

SITE INFORMATION

Municipality: _

County: _

State: _

Street or Map Location: _

(If Off-Site): _

Temperature Range:

Precipitation:

Barometric Pressure:

Tidally-Influenced [ 1 Yes

WEATHER CONDITIONS AND EQUIPMENT

Equipment No.: _

Equipment Number: _

Latest Calibration Date: _

[ 1 No

Well or DatefTime Elevation of Water Level Adjusted Depth Groundwater
Piezometer Reference Point Indicator (Feet)* Elevation (Feet)*

Number (Feet)* Reading (Feet)*

TtNUS Form 0010

• measured made to 0.00 feet



(11:) TETRA TECH NUS, INC. WELL INSPECTION AND GROUNDWATER LEVEL
MEASUREMENT SHEET

WELL NUMBER: PROJECT NAME:

DATEITIME: PROJECT MANAGER:

INSPECTED BY:

VENT WELL

MONITORING INSTRUMENT READING:

LEU02 READING:

WELL INSPECTION/GROUNDWATER LEVEL MEASUREMENT

WELL DEPTH (FEET FROM TOP OF PVC)

WATER LEVEL DEPTH (FEET FROM TOP OF PVC)

WELL STICK-UP

CASING STICK-UP (FEET)

WELL DIAMETER (INCHES)

WELL CONSTRUCTION (PVC, STEEL, ETC.)

LOCKED UPON ARRIVAL? YES NO

LOCKED REPLACED? YES NO

OBSTRUCTIONS? YES NO

WELL RELABELED? YES NO

SLUG TEST CONDUCTED? YES NO (If YES, refer to "Hydraulic
Conductivity Testing Data
Sheef')

GENERAL CONDITION/COMMENTS:

TtNUS Form 0021



elt:) TETRA TECH NUS, INC. JAR HEADSPACE ANALYSIS LOG

SITE NAME:

SITE LOCATION:

PROJECT No.lCTO No.:

SAMPLE LOCATION:

INSTRUMENT:

SERIAL No.:

MODEL No.:

SAMPLE PREP METHOD'

HEADSPACE ANALYST:

DATE:

SAMPLE TYPE2/NUMBER SAMPLE DEPTH (FEET) READING (ppm) COMMENTS

TtNUS Form 0008

1) (a) ambient temp
(h) heated (air)
(w) hot water bath

2) Type of Sample
SB Soil Boring
SO Sediment Sample

GW Groundwater Sample
TP Test Pit Sample

SS Soil Sample



(11::) TETRA TECH NUS,INC. SAMPLE LOG SHEET - "LOW FLOW" GROUNDWATER

Site Name: Tetra Tech NUS Charge No.
Sample ID: QC: (If applicable)

Sample Method: H&S Survey Meter PPM Field Instrument Group NB/C/D
Depth Sampled: Feet Screened Interval Depth feet Pre-pump insertion WL ft Post - pump insertion WL ft

Sample Date & Time: -1_1_ hours IDup
Sampler(s): Analysis Bottle Lot # Analysis Bottle Lot # Analysis Bottle Lot #

Data Recorded By: Signature:
Notes:

Clock Time Water Depth Pump Dial 1 Purge Rate Cumm Volume Temp Spec. Cond 2 pH ORP/Eh3 DO Turbidity Comments
24hr below MP ml/min Purged DC uS/cm mv mg/L NTU

It liters

TtNUS Form 0009

1 Pump dial settmg (for example hertz, cycle/mm, etc.)
2. Siemens per cm (same as umhos/cm) at 25°C
3. Oxidation reduction potential (stand in for Eh)



(11:) TETRA TECH NUS, INC. SAMPLE LOG SHEET· "LOW FLOW" GROUNDWATER

Site Name: Tetra Tech NUS Charge No.
Sample 10: ac: (If applicable)

Clock Time Water Depth Pump Dial 1 Purge Rate Cumm Volume Temp Spec Cond 2 pH ORP/Eh3 DO Turbidity Comments
24hr below MP ml/min Purged °c uS/cm mv mg/L NTU

It liters

TtNUS Form 0009

1. Pump dial setting (for example. hertz, cycle/min, etc)

2. Siemens per cm (same as umhos/cm) at 25°C.
3.•tion reduction potential (stand in for Eh).



@ TETRA TECH NUS, INC. FIELD MODIFICATION RECORD

Site Name: Location:

Project Number: Task Assignment:

To: Location: Date:

Description:

Reason for Change:

Recommended Action:

Field Operations Leader (Signature): Date:

,
Disposition/Action:

Project Manager (Signature): Date:

Distribution: Program Manager: Others as Required:

Project Manager:

Quality Assurance Officer:

Field Operations Leader:

Project File:

TtNUS Form 0003
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EXECUTIVE SUMMARY

Foster Wheeler Environmental Corporation (Foster Wheeler) has prepared this Final Report and Risk
Assessment for Construction Worker Exposure at the future Surface Warfare Officer's School (SWOS)
site, which is located on Coaster's Harbor Island at the Naval Station Newport (NAVSTA), Portsmouth,
Rhode Island. Construction of the SWOS and associated activities are being conducted by Military
Construction (MILCON). During excavation to enable utility line installation for the SWOS, oily soils
were discovered. In May 2003, Foster Wheeler conducted testpitting and collected samples to assess the
concentrations of total petroleum hydrocarbons (TPH) and lead at depth (3-8-ft below ground surface
[bgs]). Ten samples were collected and TPH and lead concentrations at 3 testpit locations at depth
ranging from 4-8-ft bgs exceeded the Rhode Island Department of Environmental Management
IndustriaVCommercial Criteria. To enable completion of the utility line. installation for the SWOS, in
July 2003, Foster Wheeler developed a Sampling Plan for the SWOS site designed to collect
representative samples of the soil that the Mll...CON construction workers would be exposed to during
utility line installation and asphalt parking lot construction. The maximum depth associated with these
construction tasks would be 3-ft bgs. In July 2003, Foster Wheeler collected a total of 10 surface and
10 subsurface soil samples. All samples were analyzed for total analyte list (TAL) metals and target
compound list (TCL) constituents (pCBs, VOCs, pesticides, and SVOCs). Foster Wheeler reviewed the
quality of the analytical data from the July 2003 sampling event and conducted a risk assessment to
determine construction worker exposure risks during utility line installation and asphalt parking lot
construction, which are included herein.

The analytical data for the project was found to be acceptable. Some data qualifications were made as
noted herein in the organic and inorganic fractions due to field duplicates, MSIMSD, surrogate recovery,
calibration verification, and PCB/pesticide target compound identification. A number of results for
2,4-dinitrophenol were rejected due to poor recovery in the laboratory control samples.

The construction worker evaluated in the risk assessment was calculated to have an excess lifetime cancer
risk (ELCR) of 2.2xlO-7

, which is below the United States Environmental Protection Agency acceptable
risk range. This risk is lower than the most stringent endpoint of the USEPA's acceptable target risk
range (i.e., 10-6 to 10-4 ELCR). The construction worker evaluated in this risk assessment was calculated
to have a hazard index (HI) of 0.033, which is well below the USEPA's Threshold HI of 1.0.

ND03~99
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1.0 INTRODUCTION

1.1 General Information

Foster Wheeler Environmental Corporation (Foster Wheeler) has prepared this Final Report and Risk
Assessment for Worker Exposure for individuals constructing the Surface Warfare Officer's School
(SWOS) at the Naval Station Newport, Portsmouth, Rhode. Island (NAVSTA). Development of this
report and associated activities were conducted under the U.S. Navy Engineering Field Activities
Northeast (EFANE) Remedial Action Contract (RAC) N62472-99-D-0032, Contract Task Order 93 (CTO
93). The objective of this report is to identify the locations where soil samples were collected at the
SWOS site on July 28-29, 2003 to support the risk assessment attached herein, include and discuss the
quality of the analytical data from the July 2003 sampling event, and describe the results of the risk
assessment for future construction worker exposure at the SWOS site.

1.2 NAVSTA

NAVSTA Newport is located approximately 60 miles southwest of Boston, Massachusetts and 25 miles
south ofProvidence, Rhode Island (see Figure I-I). It occupies approximately 1,063 acres, with portions
of the facility located in the City of Newport and Towns of Middletown and Portsmouth, Rhode Island.
The facility layout is long and narrow, following the western shoreline of Aquidneck Island for nearly
6 miles facing the east passage ofNarragansett Bay.

The NAVSTA Newport facility has been in use by the Navy since the Civil War. During both World
Wars I and n, military activities at the facility increased significantly and the base provided housing for
many service people. In subsequent years, use of the on-site facilities were slowly phased out until
Newport became headquarters of the Commander-Cruiser Destroyer Force Atlantic in 1962.
In April 1973, the Shore Establishment Realignment (SER) Program resulted in the reorganization of
naval forces, and activity again declined.

The entire NAVSTA Newport facility was listed on the U.S. Environmental Protection Agency (USEPA)
National Priorities List (NPL) of abandoned or uncontrolled hazardous waste sites in November 1989.
A Federal Facilities Interagency Agreement (FFA) for NAVSTA Newport was signed by the Navy, the
State of Rhode Island, and the USEPA on March 23, 1992. The FFA outlines response action
requirements under the Department of Defense Installation Restoration Program (IRP) at NAVSTA
Newport.

1.2.1 Surface Warfare Officer's School

A Military Construction (MILCON) project is underway at Coaster's Harbor Island, NAVSTA, which is
shown on Figure I-I. MILCON is erecting a Surface Warfare Officer's School (SWOS) at the northern
end of Coaster's Harbor Island. In the process of performing soil excavation to install subsurface utility
lines, oily soils were discovered in areas adjacent to Taylor Drive. The field sampling identified in
Sections 1.3 and 1.4 of this report were conducted. The results of the sampling discussed in Section 1.4
were input into a risk assessment to assess the exposure risks to MILCON project construction workers so
that they may continue with the installation of electrical utility lines and parking lot construction. The
risk assessment is also included herein and will serve as an addendum to the construction contractor's Site
Specific Health and Safety Plan.

ND03.Q99
9/5/03
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1.3 Previous Testpitting .' _".,........--...----..,
,~~ ... , ,

On behalf of the Navy, On.Ma~20.D3.,...:Eeste'rWheeler conducted testpitting in the area where the oily
soils were observed. A total of five testpits were excavated. Each testpit was approximately 8 feet (ft)
long by 6-ft wide. Individual testpits ranged between 4 and 8-ft in depth. Figure 1-2 shows the
approximate locations of the testpits. Two samples were collected from each testpit at varying depths.
Quality control/quality assurance (QAlQc) samples were also collected during the sampling effort. The
samples were sent to AMRO Analytical Laboratory located in Merrimack, New Hampshire for lead and
total petroleum hydrocarbon (TPH) analyses. Lead was analyzed using USEPA Method 6010B and TPH
was analyzed using USEPA Method 80158. Foster Wheeler received the analytical results on
May 23, 2003. ~"

-" ."--,, \
...... J-'I" • "\ ~

Table 1-1 identifies the testpit sample analytical results./'Table 1-1,GO~tains a summary of the analytical
results, a brief description of field conditions identified."<Iuri.ng-S'alnpling, and a qualifier describing the
sample identification numbers. On May 28, 2003, the analytical results were screened against Rhode
Island Department of Environmental Management (RIDEM) Industrial/Commercial Direct Exposure
Criteria. As shown in Table 1-1, one sample (ID# NS,"-TP5-B-8) contained a lead concentration of
3,400 ppm, which exceeds the RIDEM IIC Criteria of 500 ppm. Three samples contained TPH
concentrations that exceeded the RIDEM IIC Criteria of 2,500 ppm. These samples were NS-TP4-B-4,
NS-TP4-B-5, and NS-TP2-B-4. The respective concentrations in these samples were 5,200 ppm,
3,300 ppm, and 12,000 ppm.

1.4 ,.~ Sampling ~!an Development and Deviations from the Plan
,." ~ ......"

On July 21, 2003,jtFmal Sampling Plan to Support 'Construction Worker Exposure was submitted to the
N"avY15YFosfci\Vheeler. The objective of the sampling effort was to collect representative data from the
SWOS site to enable the development of a 'risk assessment for constructor worker exposure so that utility
line installation and parking lot construction may be completed Future utility installation will include
electrical lines that will be installed at a maximum depth of 3 feet (ft) below ground surface (bgs). The
length of the electrical lines to be installed is approximately 1,000 lineal feet (It). The approximate
locations of the subsurface electrical lines are shown on Figure 1-2. After electrical line installation, an
asphalt parking lot will be constructed. Installation of the SWOS parking lot will involve regrading and
reworking of the existing soil to an approximate depth of 1.5-ft bgs.

In accordance with the Final Sampling Plan (July 2003), a total of 10 surface soil and 10 subsurface soil
samples were collected from ten sampling locations. One 'surface soil and one subsurface soil sample was
collected from each location. Surface soil was taken from the 0-1.5-ft bgs interval. Subsurface soil
samples were collected from the 1.5-3.0-ft bgs interval. If stained or odorous soil existed, it was
preferentially collected for analyses. Field personnel used a Trimble Pro XRS hand-held Global
Positioning System (GPS) field instrument to record the location of each of the 10 sample locations
shown on Figure 1-2. Please refer to the Final Sampling Plan (July 2003) for information regarding the
analytical methodologies and risk assessment parameters and assumptions.

1.4.1 Deviations from the Plan: Sampling Locations and Collection Methodology

Due to existing utility line orientation and placement, construction laydown area placement, and
impenetrable soil at certain locations, surface and subsurface soil sampling locations deviated slightly
from those locations proposed in the Final Sampling Plan (July 2003). The actual sample locations were
surveyed using the GPS unit and the approximate locations are shown on Figure 1-2.

ND03..()99
9/5/03
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The Final Sampling Plan (July 2003) indicated that field personnel would use a dedicated hand-held
shovel to manually dig soil until a depth of l.5-ft has been reached. Upon removal of the soil, personnel
will place the excavated soil into disposable containers and would collect the VOC sample directly from
the material within the disposable container. After collection of the VOC sample, the soil in
the disposable container will be homogenized so that a composite sample may be collected for TAL
metals, PCBs, SVOCs, and pesticides. Therefore, with the exception of the VOC samples, the plan
suggested that the soil samples sent for off-site analysis would be composite sample representative of the
0-1.5-ft bgs interval. The same technique was planned for soil sample collection from the 1.5-3.0-ft
interval.

The above technique was used for collection of the following four samples, sample depths are shown in
parentheses:

• SWOS-8(0-1.5)
• SWOS-9(0-1.5)
• SWOS-IO(0-1.5)
• SWOS-IO(1.5-3)

Because the soil at the other locations was compacted as a result of MILCON-related construction
activities, the soil was impenetrable using manual excavation at all other proposed sampling locations.
To remedy this, on July 29, 2003, a Bobcat equipped with an auger was mobilized to the site and was
used to advance each borehole to the depth of interest. A shovel was then used to collect each sample
from'the specified depths in accordance with the Final Sampling Plan. During sample collection, the
PCB, TAL metals, pesticides, and SVOCs analyses were incorrectly noted as grab samples on the sample
labels and chain-of-custody sheets when they were in fact composite samples. On July 30, 2003, the
laboratory was notified of this error and noted this on the chain-of-custody for these samples.

ND03..()C}9
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Table 1-1
Testplt Subsurface SoU Analytical Results and Screen Against RIDEM IIC Criteria

eTO 93 SWOS Parking Lol
RaBulls of Taslplltlng Conduclad 05119103

Care or RlpEM- ExCeed
>~

Non~ RESULT IlIdnsiHal Industrial? DATE
SAMP ID PARAMETER Care? (nUIJluzl {DDWl lYINl ANALYZED METHOD LAB ID cAs NO NOTES· ,

NS-EOPT-RJN Lead DC ND SOO N SI2I12003 SW60lOB 030S152-01 7439-92-1

TPH 0,093 2500 N SI2II2003 SW80lSB
" ,"

NS-TPS-B-6 Lead DC SOO SOO N SI2II2003 SW6010B 030SIS2-o2 7439-92-1 Samnle collected from T..tnit S, from the excavatioD bas.. 6-ft from soil surface.

TPH 100 2500 N SI2212003 SW80lSB
.~ - ' '

NS-TPS-B-8 Lead DC 3400 SOO SI2I12003 SW6010B 030SIS2-o3 7439-92-1 S.mole collected from T......t S from the excavatiOD base. 8.ft from soli surf.ee

TPH 100 2500 N SI2212003 SWSOISB
<

'. ,

NS-TP4-B-4 Lead DC 110 SOO .- S12112003 SW6010B 030SIS2-o4 7439-92-1 Samole collected from Testoit4, from the excavatioD base, 4-0 from soli surface.

TPH S,200 2500 SI2212003 SW80lSB
"

NS-TP4-B-S Lead De SS SOO ... SI21I2003 SW6010B 030SIS2-oS 7439-92-1 Samole collected from Testoit4. from the excavatiOD bas.. Soft from soilsurlilce.

TPH 3300 2S00 SI2212003 SW80lSB
~ <- < • .,

NS-TP2-B-3 Lead DC 200 SOO N SI2II2003 SW60IOB 030SIS2-06 7439-92-1 Samole collected from T..tolt2 from the excavation bas.. 3-ft from sotl surface

TPH ISOO 2S00 N SI2212003 SWSOISB
, .. ( , '

NS-TP2-B-4 Lead DC 240 SOO

liB!
S121/2003 SW6010B 030SI S2-o7 7439-92·1 Sa,m,le collected from T..tnit2. from the exeavatioD base 4-ft from soil surfacc,

TPM 12000 2500 512212003 SW80lSB
~, , ~

"

NS-TP1-B-4 Lead DC SI SOO N 512112003 SW60IOB 030SlS2-oS 7439-92-1 S.mole collected from Testoltl. from the excavatlOD base, 4-ft from soli surrace

TPH 38 2S00 N SI2212003 SWSOISB
"

Sample collected from T..Ip,tl, from the excavahOD bas.. 4-ft from sotlaurrace
NS-TP I-B-4-FD Lead DC 4S SOO N S12112003 SW60lOB 030S IS2-09 7439-92-1 (field dunlie.'el.

TPH 38 2S00 N 512212003 SWSOISB
" .. " -'

Sample collected from Teslpit I, from tbe excavatioD base. 6 Soft from soli
NS-TPI-B-6 S Lead DC 170 SOO N SI22I2003 SW60lOB 030SIS2-10 7439-92-1 surface

TPH 63 2500 N SI2212003 SWSOISB
" >

NS·TP3-B-4 Lead DC 130 SOO N SI22I2003 SW60IOB 030S152-11 7439-92-1 Sarnole collected from Testoit3. from the excavahoD base, 4-ft from sotlsurlilcc.

TPH 7S 2S00 N SI2212003 SWSOISB
"

NS-TP3-B-6 Lead DC 110 SOO N SI2212003 SW6010B 030S1S2-12 7439-92-1 Samole collected from T..to'l 3. from the excavatiOD base. 6-ft from soil.urtace

TPH 67 2S00 N SI2212003 SWSOISB

NDOl-099_TobIel-'
915103
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2.0 QUALITY ASSURANCE/QUALITY CONTROL SOIL DATA REVIEW

A quality assurance/quality control (QAlQc) data review was performed on the results of soil samples
collected at the SWOS site on July 28-29, 2003. Mitkem Corporation of Warwick, RI analyzed the
samples for selected Volatile Organics (VOCs - USEPA Method 8260B), selected Semivolatile Organics
(SVOCs - USEPA Method 8270C), Pesticides (USEPA Method 8081A), Polychlorinated Biphenyls
(pCBs - USEPA Method 8082), and Total TAL Metals (USEPA Methods 6010BI7000). Overall, data for
this project were found to be acceptable. Some data qualifications were made as noted in the organic or
inorganic fractions due to field duplicates, MSIMSD, surrogate recovery, calibration verification, and
PCBlPesticide target compound identification. A number of results for 2,4-dinitrophenol were rejected
due to poor recovery in the laboratory control samples. Based on this review, the qualified data are
considered acceptable for project objectives.

Table 2-1 provides a list of sample numbers, dates collected, laboratory IDs, and the analyses performed.

Table 2-1
Samples Collected and Analyses Performed

Sample Number SDG
Date

LABID VOC SVOC PADs PPCB
TAL

Collected Metals
SWOS-EODt-Rinst B1229 7128/03 B1229-0l x x x x x
SWOS-9(0-1.S) B1229 7/28/03 B1229-02 x x x x x
SWOS-IOCO-1.S) B1229 7/28/03 B1229-03 x x x x x
SWOS-IO(1.S-3) B1229 7/28/03 B1229-04 x x x x x
SWOS-8CO-l.S) B1229 7/28/03 B1229-0S x x x x x
SWOS-5CO-l.S) B1235 7/29/03 B1235-0l x x x x x
SWOS-50.5-3) B1235 7/29/03 B1235-02 x x x x x
SOWS-4(0-1..5) B123S 7/29/03 B1235-03 x x x x x
SWOS-4(1.5-3) B1235 7/29/03 B1235-04 x x x x x
SWOS-3(0-1.S) B1235 7129/03 B1235-05 x x x x x
SWOS-3(l.5-3) B1235 7/29/03 B1235-06 x x x x x
SWOS-90.5-3) B1235 7/29/03 B1235-07 x x x x x
SWOS-8(l.5-3) B1235 7/29/03 B1235-08 x x x x x
SWOS-7(0-1.5) B1235 7/29/03 B1235-09 x x x x x
SWOS-7(1.5-3) B1235 7/29/03 B1235-010 x x x x x
SWOS-6(0-1.5) B1235 7/29/03 B1235-011 x x x x x
SWOS-6(1.5-3) B1235 7/29/03 B1235-012 x x x x x
SWOS-2(0-1.5) B1235 7/29/03 B1235-013 x x x x x
SWOS-2(l.5-3) B1235 7/29/03 B1235-0l4 x x x x x
SWOS-l(0-1.5) B1235 7/29/03 B1235-01S x x x x x
SWOS-U1.5-3) B1235 7/29/03 B1235-0l6 x x x x x
FIELDDUP B1235 7/29/03 B1235-017 x x x x x

ND03-099
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2.1 ()bjectives

The sample results and quality control data summarized on the laboratory reporting forms were reviewed
for the following QAlQC criteria:

• Holding times
• Laboratory, preparation, and trip blanks
• Field and laboratory duplicate precision
• MSIMSD recoveries and relative percent differences (RPDs)
• Surrogate standard recoveries .
• Laboratory control samples
• Internal standard areas
• PCB and pesticide target compound identification

The review performed on these QAlQC criteria was limited in scope and focused on laboratory summary
sheets. A more comprehensive examination of the raw data (which, for example, would be included in an
USEPA Tier m data validation) was not included within the Scope of Work. For details of the analytical
data review, refer to Appendix A.

ND03-099
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3.0 RISK ASSESSMENT

3.1 Conceptual Site Model

The Conceptual Site Model (CSM) was developed to focus on a planned future construction worker at the
site who would come into contact with surface and subsurface soil (down to a depth of three feet) along
the planned route of the subsurface utilities in the parking lot area. Incidental ingestion, dermal
absorption, and inhalation of particulates generated by the excavation/construction activity are the
exposure routes associated to be evaluated relative to the soil in these areas (see Table 3-1).

3.2 Chemicals of Potential Concern

The risk assessment was performed using the surface soil and subsurface soil data collected as part of this
task (see Section 1.4). Chemicals of Potential Concern (COPCs) were identified using the screening
process described in Risk Assessment Guidance for Superfund (RAGS) Part A (USEPA, 1989). This
COPC identification process includes the following steps.

• The analytical data for all detected chemicals were compiled and the minimum and maximum
detected concentrations were tabulated in RAGS Part D (USEPA, 2001 c) format.

• The frequency of detection for each detected chemical were calculated and chemicals that
were detected at a very low frequency were eliminated from the COPC list. For this sampling
effort, because a total of 20 samples were collected, a "very low frequencyDwas defined as
non-detect or only 1 detected sample out of 20 in accordance with RAGS Part A (USEPA,
1989).

• The maximum detected concentration for each detected chemical was compared to a
chemical-specific toxicity screening criteria. Any chemical whose maximum concentration
was less than the toxicity screening criteria was eliminated from the COPC list. The toxicity
screening criteria used was the Region 9 Preliminary Remediation Goals (USEPA, 2002) for
residential soil based on a target carcinogenic risk of lxlO-6 and a target non-carcinogenic
hazard index of0.1.

• Essential human nutrients (calcium, iron, magnesium, potassium, and sodium), as defined in
RAGS Part A (USEPA, 1989) Section 5.9.4, were eliminated from the COPC list.

• Chemicals that were detected at levels consistent with background were eliminated from the
COPC list. The background soil concentrations were taken from the Kay Field/Old Fire
Fighting Training Area (OFFTA) Site (Tetra Tech NUS, 2000).

The remaining chemicals, identified as COPCs, were carried through the quantitative portion of the risk
assessment. Table 3-2 summarizes the COPC screening process and results.

3.3 Exposure Point Concentrations

Exposure point concentration (EPCs) were developed for each identified COPC. The 95% upper
confidence limit (UCL) on the mean was calculated for each COPC using the USEPA software, Pro UCL
(Version 2.1) (USEPA, 200la). ProUCL uses a statistical test to determine if the data distribution for a
COPC has a normal, lognormal, or nonparametric distribution. Based on this determination, ProUCL
calculates the most technically appropriate UCL value. The minimum of the 95% UCL or the maximum
detected value was taken as the EPC. Table 3-3 summarizes the EPC calculations.

ND030099
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TABlE3-!

SELECTION OF EXPOSURE PATHWAYS

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Scenarlo Medium Exposure Exposure Receptor Receptor Exposure Type of Rallonale for SelecUon or exclusion
Tlmelrame Medium Potnt Population Age Route Analysts of Exposure Palhway

Future Soli Soli Soli Construction Worker Adull
Incidental

Quantitative Assoclatad wllh planned developmenl aclMly.
Ingesllon

Dermal
Quantitative

AbsorpUon
Inhalation of

Quanlnallve
Particulatas
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TABLE 3-2

OCCURRENCE, DISTRIBUTION, AND SELECnON OF CHEMiCAlS OF POTENTIAL CONCERN

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISlAND

I~=ehme'FUMe

IIsure Medium: SolI

Exposure CAS Chemical Minimum Maximum Unite locallon DolectJon Rengeol Concenlrallon Background Screening PolenUel Potenllel COPC Rationale lor

Point Numbe' Concentration ConcenlraUon of Maximum F,equency Oelecllon Used 10, Valua Toxlclly Value ARARfTBC ARARITBC Flag Selection 0'

(Ouanne,) (Ouanne,) Concentration limits Screening (N/C) Value Source (YIN) Oelellon

(I) (1) (2) (3) (4) (51

son 72548 4,4.000 001 001 mglkg SWOS-9(1 5-3) 1120 o0035 - 0 0045 001 N/A 24 (ca) N/A N/A N BSt, IFD

72559 4,4.oOE 00044 (J) 0034 mglkg SWOS-l0(1 5-3) 7/20 o0035 - 0 0045 0034 N/A 17 (ca) N/A N/A N BSl

50293 4,4.oOT 00041 0.045 mgl1<g SWOS-l0(1 5-3) 5/20 o0035 - 0 0045 0045 N/A . 17 (ca) N/A N/A N BSl

309002 Aldrin o0026 (J) o0026 (J) mgl1<g SWOS-4(I,5-3) 1120 o0018 - 0.0023 00026 N/A 0029 (ca) N/A N/A N BSt, IFO

5103719 alpha-Chlordane 00022 (J) 00022 (J) mgl1<g SW08-9(I 5-3) 1/20 00018 - 0 0023 00022 N/A 18 (ca) N/A N/A N BSl,lFO

5103742 gamme-Chlordane 00021 (J) 0003 mglkg sWOS-4(l 5-3) 2/20 00018-0,0023 0003 N/A 16 (ca) N/A N/A N eSl

67616 1,2,3-Trlchlorobenzene 0004 0004 mglkg SWOS-8(1,5-3) 1120 o 0002 - 0.0008 0004 N/A N/A N1A N/A N IFO

120821 1,2,4-Trlchlorobenzene 0003 0003 mglkg SWOS-8(1.5-3) 1120 0.0002 - 0 0008 0003 N1A 65 (nc) N1A N1A N BSt, IFO

95838 1,2,4-Trlm~lhy1benzena 0,0008 0002 mglkg SWOS-'\(1,5-3) 3/20 o0002 - 0 0008 0002 N/A 52 (nc) N1A N/A N BSl

95501 1,2.()1chlorobenzene 0001 0001 mglkg SW08-8(l5-3) 1120 o0002 - 0 0008 0001 N/A 370 (set) N1A N/A N BSl,lFD

108676 1,3,5-Trlmethylbe""ene 00008 00009 mglkg SWOS-4(1.5-3) 2/20 o0002 - 0 0008 00009 N1A 21 (nc) N1A N/A N eSl

541731 I,3-Dlchlorobenzene 0001 0001 mglkg SWOS-8(1.5-3) 1120 o0002 - 0 0008 0.001 N/A 16 (nc) N1A N/A N eSl,IFD

106467 1,4.olchlo,obenzene 00007 0002 mglkg SWOS-8(1 5-3) 2/20 o0002 • 0 0008 0002 N1A 3,4 (ca) N1A N/A N eSl

78933 l2-eulanone 00009 (J) 0014 mglkg SWOS-8(Q-l 5) 10/20 0001- 0 004 0.014 N/A 730 (nc) N1A N/A N BSl

95498 ?·Chlorotoluena 00008 0,0006 mglkg SWOS-8(1.5-3) 1120 00002 - 0,0008 0.0006 N/A 16 (nc) N/A N/A N BSt, IFD

591786 2-Hexenone 00011 (J) 00011 (J) mglkg SW08-1(1 5-3MVG 1120 0.001-0004 00011 N/A N1A N/A N/A N IFO

106434 4-Chlorololuene 00008 0.0008 mglk9 SWOS-8(l 5-3) 1120 o0002 - 0.0008 00008 N/A N1A N/A N/A N IFD

99876 4-Isopropylloluene 00005 0,0008 mglkg SWOS-8(l.5-3) 3/20 o0003 • 0 0008 00008 N/A N1A N/A N/A Y FO

71432 Benzene 00005 00005 mglkg SWOS-4(1.5-3) 1/20 o0002 • 0 0008 0.0005 N/A 06 (ca) N1A N/A N BSt, IFD

108861 Bromobenzene 0.0009 0,0009 mglkg SWOS-8(1.5-3) 1120 o 0002 - 0 0008 0,0009 N/A 28 (nc) N1A N/A N BSt, IFO

75150 Carbon Olsuillde 0.0006 0.0008 mgIkg SWOS-9(I ,5-3) 1120 o0003 - 0 0008 00006 N/A 36 (nc) N1A N/A N BSt, rFO

87683 Hexachlorobulad1ene 0001 0001 mgIkg SWOS-8(l 5-3) 1/20 o0002 • 0 0008 0.001 N1A 6.2 (ca) NJA N/A N BSt,1FD

74864 Iodomethane 0.0005 0002 mgi1<g SWOS-2(1 5-3) 6/20 0.0003 - 0 0008 0.002 • N1A N1A NJA N/A Y FD

106423 m,p-Xylene 00008 00008 mglkg SWOS-8(I5-3) 1120 o0002 • 0 0008 00008 NJA N1A NJA N/A N IFO

75092 Melhylene Chlorlde 00008 (J) 0.0045 mglkg SWOS-l(l 5-3MVG 17/20 0001-0.002 00045 N1A 9.1 (ca) N/A N/A f N BSL

104518 n-8utyfbenzene 0001 0.001 mglkg SWOS-8(l 5-3) 1120 o0002 • 0 0008 0001 NJA 240 (eat) N/A N/A N est, IFO

91203 Naphlhalene 00015 0.014 mgi1<g SWOS-8(l 5-3) 4/20 o0002 - 0.0008 0014 NJA 56 (nc) NJA N/A N BSl

95476 ~Xylene 00004 0.0004 mglkg SWOS-8(l.5-3) 1/20 0.0002·0,0008 0.0004 N1A NJA N/A N1A N (FD

135988 sec-8utyfbenzene 0.0007 0.0007 mgIkg SWOS-8(l,5-3) 1120 o0002 - 0 0008 0.0007 N1A 220 (sal) N/A NJA N est, IFD

100425 Styrene 00006 0.0008 malka SWOS-8(1.5-3) 1120 0.0002 - 0.0008 0.0006 N1A 1,700 (eat) N1A NJA N eS\..,IFD
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TABLE 3-2

OCCURRENCE, DISTRIBVTlON. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

SWOS SITE. NAVAL STATION NEWPORT, PORTSMOl1TH. RHODE ISLAND

cenarfo Tlmeframa: Future

edlum 5011

posure Medium: son
,

Exposure CAS Chemical Minimum Maximum Unlls location Detection Range of ConcenlraUon Background Screening PolenUal PolenUal COPC RaDonele lor

Point Numbe' ConcentraDon ConcentraUon 01 Maxfmum F,equancy DelecUon Uaed lor Value Toxldty Value ARARfTBC ARARfTBC Flag Selection or

(auanne,) (Ouanna,) ConcenlraUon UmUa Screening (N/C) Valua Source (YIN) Deletion

111 (1) (2) (3) (4) (5)

98066 tert-Butylbenzene 00007 00007 mglkg SWOS-tl(l 5-3) 1120 0.0002 - 0 0008 0.0007 N/A 390 (aal) N/A N/A N BS!., IFD

108883 froluene 0.0003 (J) 00006 mg/kg SWOS-9(o-l 5) 4/20 o0003 • 0 0008 0.0006 N/A 520 (aal) N/A N/A N BSl

75694 rfchloronuoromelhane 0001 0001 mglkg SWOS-9(1.6-3), SWOS-3(o-l 5) 2/20 0.0003 - 0 0008 0001 N/A 39 (nc) N/A N/A N BSl

1330207 Xylene (Tolal) 0001 0001 mg/kg SWOS-tl(l 5-3) 1/20 0.0002 • 0 0008 0001 N/A 27 (nc) N/A N/A N BS!., IFD

208988 IAcenaphthylena o.on(J) 0072 (J) mglkg llWOS'3(l 5-3) 1120 035-045 o.on N/A N/A N/A N/A N IFD

120127 !Anthracene 0098 (J) o22(J) mgIkg SWOS-3(1 5-3) 2/20 035-045 0.22 NIA 2.200 (nc) N/A N/A N BSl

56553 BenZD(a)anthracene 0.08(J) 0.57 mglkg SW05-3(l5-3) 18/20 0.39·0.42 0.57 N/A 0.82 (ca) N/A N/A N BSl

50328 Benzo(a)pyrena o083 (J) 0.53 mglkg SWOS-3(1.5-3) 16/20 • 039-0.42 0.53 N/A 0082 (ca) N/A N/A y ASl

205992 Banzo(b)11uoranthene 0055(J) 0.73 mglkg SWOS.3(1.5-3) 17/20 0.39-0.42 073 N/A 082 (ca) N/A N/A y ASl

191242 Benzo(g.h,l)perylene 0039(J) 0.22(J) mglkg SWOS-3(l 5-3) 11120 035-0.44 0.22 N/A N/A N/A N/A Y FD

207089 Benzo{l<)fIuoranthene 004(J) 038(J) mglkg SWOS-3(15-3) 15/20 038-042 0.38 N/A 8.2 (ca) N/A N/A N BSl

66748 Carbazole 005(J) .005(J) mg/kg SWOS-3(l 5-3) 1/20 035·045 005 N/A 24 (ca) N/A N/A N BS!., IFD

218019 Chryaene 0045 (J) 058 mg/kg SWOS-3(1 5-3) 17120 0.39-042 058 N/A 62 (ca) N/A N/A N BSl

53703 Dlbenzo(e.h)enthracene o053 (J) 0068(J) mg/kg SWOS-3(1.5-3) 2/20 035-045 0086 N/A 0062 (ca) N/A N/A y ASL

-
132849 Dlbenzofuran 0045 (J) 0045 N/A 29 (nc) N/A N/A N BS!., fFD0.045 (J) mg/kg SWOS-3(1 5-3) 1120 035-045

208440 F1IIoranthena 0042 (J) 12 mg/kg SWOS-3(1 5-3) 19/20 0.39 1.2 N/A 230 (nc) N/A N/A N BSl

66737 Fluorene 0088 (J) 0.086(J) mglkg SWOS-3(l 5-3) 1/20 0.35-0.45 0.066 N/A 270 (nc) N/A N/A N BSL,IFD

193395 Indeno(l,2.3-<:d)pyrene 0039 (J) o25(J) mglkg SWOS.3(1.S-3) 9/20 035·0.44 0.25 N/A 062 (ca) N/A N/A N BSl

65018 Phenanthrene 0047(J) 093 mg/kg SWOS-3(15-3) 15/20 0.39-0.42 083 N/A N/A N/A N/A y FD

129000 Pyrena 0043(J) 1 mg/kg SWOS-3(1.5-3) 18/20 039-042 1 N/A 230 (nc) N/A N/A N BSl

7438954 Magnesium 2020(J) 5260(J) mg/kg SWOS-l(o-l 5) 19/19 - 5.260 2,240 N/A N/A NIA N Nl1T

7429905 Aluminum 8.840 18.000 mg/kg SWOS-3(15-3) 20/20 . 18.000 11,900 7,600 (nc) N/A N/A Y ASL

7440380 Antimony 0.16(J) 21 (J) mglkg SWOS-9(1.5-3) 8/20 014-02 21 067 3.1 (nc) N/A N/A N BSl

7440382 Arsenic 43 16 mglkg SWOS-9(o-1 5) 20/20 - 16 555 039 (ca) N/A NIA y ASl

7440393 Barfum 162 (J) 50 4 (J) mg/kg SWOS-5(l 5-3) 20/20 50.4 385 540 (nc) N/A N/A N BSl

7440417 BerytRum 022(J) 0.49 mglkg SWOS-7(o-l.5) 20/20 049 0439 15 (nc) N/A N/A N BSl

7440439 Cedmlum 0.25(J) 081 (J) mg/kg SWOS-3(l 5-3) 20/20 - 0.81 0.7 37 (nc) N/A N/A N BSl

7440702 Calcium 401 1,910 mglkg SWOS-tl(o-l.5) 20/20 - 1,910 1,220 N/A N/A N/A N NUT

7440473 Chromium 108 21.7 mglkg SWOS-3(l 5-3) 20/20 . 21.7 202 30 (ca) N/A N/A N BSL

7440484 Coball 7.3(J) 18.1 (J) mglkg SWOS-5(l 5-3) 20/20 - 18.1 901 900 (ca) N/A N/A N BSL
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TABlE 3-2

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMiCAlS OF POTENTIAL CONCERN

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

![==h~: FUMe I
II=XPOsure Medium: Son

MInimum I Mexlmum

Concenlration Concanlration

(3)

Exposure

PoInt

CAS

Number

Chemical

(Qualifier)

(1)

(Quenner)

(1)

Unlle Location

of Maxlmum

ConcentraUon

Detection

Frequency

Rengeol

Detection

LimIts

ConcanlraUonIBacl<ground

Used for Value

Screening

(2)

Screening

ToxlcflyVelue

(N/C)

(4)

Potentiel I Potential

ARARfTBC ARARlTBC

Value Source

cope

Flag

(YIN)

ReUonale for

Selection or

Deletion

(5)

7440508 Copper

7439696 Iron

7439921 Leed

7439965 Mengenese

7439976 Mercury

7440020 Nickel

7440097 Polasslum

7782492 Selenium

7440224 Silver

7440235 Sodium

7440622 Venadlum

7440668 ZInc

109

16,600

94 (J)

192(J)

o026 (J)

132

264

029

3.7 (J)

329(J)

134

42,8(J)

68.7

45,000

688 (J)

682 (J)

0.3

32.1

661.5

13

6.7(J)

697(J)

291

105(J)

mgJ1<g

mglkg

mgJ1<g

mgJ1<g

mglkg

mgJ1<g

mgJ1<g

rng/kg

mglkg

mgJ1<g

mglkg

mgJ1<g

SWOS-6(G-l.5)

SWOS-3(1.5-3)

SWOS-7(G-l.5)

SWOS-5(l.5-3)

SWOS-6(1.5-3)

SWOS-3(1 5-3)

SWOS-l(1.5-3)-AVG

SWOS·2(G-15)

SW05-5(1 5-3)

SW05-5(1 5-3)

SW05-3(1 5-3)

SW08-3(1.5-3)

20/20

20/20

20120

20120

20120

20120

20/20

11/20

20120

20/20

20/20

20120

014-018

687

45.000

688

682

0.3

32.1

661.5

1.3

6.7

697

291

105

236

23.200

488

372

0169

174

312

NIA

NIA

NIA

22.6

225

310 (ne)

2,300 (ne)

40 (ne)

160 (ne)

2.3 (nc)

160 (nc)

NlA

39 (nc)

39 (ne)

NlA

55 (ne)

2,300 (ne)

N/A NlA

NlA NlA

N/A NlA

NlA N/A

NlA NIA

N/A N/A

NIA NIA

NlA NIA

NlA N/A

NIA NlA

NIA NIA

N/A NlA

N

N

Y

Y

N

N

N

N

N

N

N

N

BSL

NUT

ASL
ASL

BSL

Bst

NUT

BSL

BSl

NUT

BSL

BSL,BKG

Footncte InsweUons

(1) J - Estlmeted

(2) Maxlmum detected concentration used lor screenIng.

(3) Telra Tech NUS, 2000. Beckground Sotlinvesligation lor Old Fire Flghtln9 TrainIng Araa, Naval SlaUon Newport, Newport, Rhode Islend Augusl- Recommended Surfaca son Background ConcenlJations

(4) USEPA,2OO2. Region 9 Preliminary Remediation Goofs Teble October - ca c PRG based on carcfnogenlc eflects; nc c PRG based on non-carclnogenlc afleets; sat = PRG besed on son saluration

(5) Bst c Below Screanlng Level, IFD = InlraquanUy Delected, NUT =Essentlsl Nubian\; BKG = BackgroUnd; ASL = Above Screanlng Level: FD = Frequenl/y Delacted

NIlO3-099_Toble]·2
9151lll 3-5



TABLE 3-3

EXPOSURE POINT CONCENTRATION SUMMARY

SWOS SITE, NAVAl STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

~
enarlo Tlmeframe: Future

edlum: Soli

posure Medium: 5011

Maximum

Exposure Point Chemfcalof Units ArIthmetic 95% UCl Concentration Exposure Point Concentration

Potential Concern Mean (Distribution) (Qualifier) Value Units Statistic Rationale

l1\ l21 (31

~oll 4-lsopropyltoluene mglkg 0.0003 0.00044 (non-parametric) 0.0008 0.00044 mg/kg 95% Cheb UCl<MAX

lodomethane mglkg 0.000482 0.000844 (non-parametrfc) 0.002 0.000844 mg/kg 95% Cheb UCl<MAX

Benzo(a)pyrene mglkg 0.164 0.216 (lognormal) 0.53 0.216 mg/kg 95% H-UCl UCl < MAX

Benzo(b)f1uoranthene mglkg 0.211 0.286 (lognormal) 0.73 0.286 mgikg 95% H-UCl UCl < MAX

Benzo(g,h,l)perylene mglkg 0.144 0.246 (non-parametric) 0.22 (J) 0.22 mg/kg MAX UCl> MAX

Dlbenzo(a,h)anthracene mglkg 0.183 0.256 (non-parametric) 0.066 (J) 0.066 mg/kg MAX UCl> MAX

Phenanthrene mg/kg 0.18 0.255 (lognormal) 0.83 0.255 mglkg 95% H-UCl UCl<MAX

Aluminum mglkg 11,562 12,475 (lognormal) 18,000 12,475 mglkg 95% H-UCl UCl<MAX

Arsenic mg/kg 8.14 9.27 (lognormal) 16 9.27 mg/kg 95% H-UCl UCl<MAX

lead mg/kg 36.4 42 (normal) 68.8 (N') 42 mg/kg 95% UCl UCl<MAX

Manaanese malka 351 401 lIoanormall 682 lEI 401 mg/kg 95% H-UCl UCl < MAX

Notes:
(1) 112 the detection limit was used for samples with non-detect concentrations.
(2) normal =data set Is normally distributed; lognormal =data set Is lognormally dlstrfbuted; non-parametric =data set Is neither normally nor lognormally distributed
(3) 95% Cheb =95% Chebyshev (MVUE) UCl; 95% H-UCl =95% UCl assuming data are lognormal; MAX =Maximum Detected Value; 95% UCl =95% Studenfs t UCl

ND03-099_Table 3-3
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3.4 Exposure Assessment

The exposure assessment quantitatively describes the most potentially significant pathways through
which the construction worker may contact contamination in the soil at the site. Equations defining the
amount of chemical intake or dose received for each identified exposure pathway are shown in Table 3-4.
The parameter values used in the intake equations which quantify the exposure scenarios were developed
for the construction worker using USEPA risk assessment guidance (USEPA, 1989, 1995, 1996, 1997b,
1997c). An explicit effort was made to maintain a consistency of these reasonable maximum exposure
assumptions with the assumptions previously made for similar assessments at other sites at NAVSTA
Newport. The parameter values used in the risk assessment are shown in Table 3-4.

3.5 Toxicity Assessment

The toxicological information used in this risk assessment was based on non-carcinogenic (threshold) and
carcinogenic (non-threshold) effects caused by exposure to chemicals that have been observed in humans
and/or laboratory animals associated with a particular dose of that compound. The toxicological
information is used in conjunction with the exposure assessment to characterize the level of risk
associated with each COPC via each identified exposure pathway. Chemical-specific toxicological
parameters (Le., non-carcinogenic reference doses [RIDs]) and cancer slope factors [SFs]) were obtained
from established USEPA sources according to the following hierarchy.

1. USEPA's Integrated Risk Information System (IRIS) on-line database (USEPA, 2003b).
2. Health Effects Assessment Summary Table (HEASn, (USEPA, 1997a).
3. Superfund Technical Support Center at the National Center for Environmental Assessment

(NCEA).

These sources of toxicological information provide data applicable to the assessment of oral and
inhalation pathways. The methodologies for evaluating dermal absorption are based on an estimation of
absorbed dose while the IRIS-verified RIDs are typically based on an administered dose. Therefore, an
adjustment of the oral toxicological factor to represent an absorbed rather than an administered dose is
necessary to maintain consistency. Toxicological factors for the dermal absorption pathway were
calculated from the oral values using an oral-to-dermal adjustment factor in accordance with USEPA
protocol. The oral-to-dermal adjustment factor is based on the gastrointestinal (GI) absorption
efficiencies listed in USEPA RAGS Part E, Exhibit 4.1 (USEPA, 2001b). The adjustment accounts for
the absorption efficiency in the critical clinical or epidemiological study forming the basis of the
published toxicity factor. The magnitude of the toxicity factor adjustment is inversely proportional to the
absorption fraction in the critical study. As the absorption efficiency decreases, the difference between
the absorbed dose and administered dose increases. Consistent with USEPA, 2001b, an adjustment was
made when the following conditions were met:

• The toxicity value derived from the critical study was based on an administered dose
(e.g., delivery in diet or by gavage) in its study design; and

• A scientifically defensible database demonstrates that the GI absorption of the chemical in
question from a media (e.g., water, feed) similar to the one employed in the critical study is
significantly less than 100% (Le., <50%).

If these conditions were not met, complete (i.e., 100%) absorption was assumed and no adjustment of the
oral toxicity value was made to obtain a toxicity value to be used for the dermal absorption route.

ND03..099
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EnatlO Tbneframe. Future

edlum' 5011

ure Medium: SoU

TABIJl:3-4

VAlUES USED FOR DAIlY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

SWOS SITE, NAVAl STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Exposure Route Receptor Receptor Exposure Parameter Parameter DefinlUon Value Unlt8 Rationale! Inlake Equallonl

Population Age Point Code Reference Model Name

Incidental Construction Wot1<er Adult Soil CS Chemical ConcentraUon In 5011 Chernlcal-spectrlc mglkg See EPes ChronIc Dally Intake (mglkg-day) ~

Ingestion IR-5 Ingestion Rate of SoU 480 mglday (I) CS x IR-S x A x EF x ED x CF1

EF Exposure Frequency 48 dayslyear (3) BWxAT

ED Exposure Duration 1 year (4)

BW BodyWeighl 70 kg (5)

CF1 Conversion Faclor 1 1E.()6 kglmg -
AT-N Averaging Tbne (Non-eancer) 365 days (6)

AT-C Averaging TIme (Cancer) 25,550 days (6)

Dermal Construcllon Wot1<er Adult Soil CS Chemical Concentration In 5011 Chemlcal-speclnc mglkg See EPCs Dermally Absorbed Dose (mglkg.<fay) =
Absorpllon SA Sldn Surface Area Available for Contact 7,014 cm2 (7) CS x SA x SSAF x DABS x EV x EF x ED xCE1

SSAF Soll-to-Skln Adherence Factor 008 mglcm2levent (8) BWxAT

DABS Dermal Absorption FaciOI' (Solid) Chemtcal-speclfic unlUess (9)

EV Event Frequency 1 events/day (10)

EF Exposure Frequency 48 dayslyear (3)

ED Exposure Duretion 1 year (4)

BW Body Weight 70 kg (5)

CF1 Conversion Faclor 1 1E.()6 kglmg -
AT-N f6,vereglng TIme (Non-eancer) 365 days (6)

AT-e ~vereglng TIme (Cancer) 25,550 days (6)

InhalaUon ConstrucUon Womer Adult son CS ChemIcal Concenlretion In Soil Chemlcal-speclUc mglkg See EPCs !ChronIc Dally Inlake (mglkg-day) ~

of Particulates PEF Pertlculala Emlsslon Factor from son 132E+09 m3lkg (11) CSx 1l!'EF x IN x Ell< EF x ED

IN Inhalation Rete 33 m3lhr (5) BWxAT

ET Exposure Time 8 hours/day (12)

EF Exposure Frequency 48 dayslyear (3)

ED Exposure Duration 1 year (4)

BW Body Weight 70 kg (5)

AT-N Avereglng TIme (Non-eancer) 365 days (8)

AT-e Averaging TIme (Cancer) 25,550 days (6)
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TABLE 3-4 • Gonlfnued

Notes'

(1) USEPA, 1994. EPA Region I, Risk Updales. August 1994, Voluma II

(2) Professional JudgemenL Fraction Ingested In assumed to be 1000/0 from source.

(3) Professional Judgement Exposure Frequency based on 6 days per week lor 6 weeks (2 months) =48 days

(4) Professional Judgement 1 yaar ofaxposure.

(5) USEPA, 1997. Exposure Fectors Handbook Update to Exposure Factors Handbook EPN80018-89/043· May 1989 Offica of Rasearch end Development

(6) USEPA, 1989. Risk Assessment Guldanca lor Superfund, Volume I, Human Health Evaluetlon Manual (Part A). EPA 540/1-89/002. Offica of Emergency and Remadlal Resposa.

(7) Surfaca Area represented by hands, head, feel forearms, end lower legs.

(8) USEPA, 1997 Risk Assessmant Guldanca lor Superfund, Volurna I, Human Health Evaluation Manual (Part A). Supplemental Guldanca Dermal RIsk Assessmant (Interfm Gufdanca) EPA Re910n 1

(9) USEPA, 1995 Assessln9 Dermal Exposure from son, EPA Region III Technlca' Guidance Manual, EPN803-K·95-003 Decamber

(10) Professional Judgement 1 event per day.

(11) USEPA, 1998. son Screening Guldanca. Users Guide. EPA 9355.4-23. Offica of Sond Waste end Emergency Response

(12) Professional Judgement 8 hours per day of exposure based on an averege workday
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A smmnary of the relevant non-cancer and cancer toxicological factors for the COPCs is presented in
Tables 3-5, 3-6, 3-7, and 3-8. The toxicological factors for some surrogate chemicals were conservatively
applied when other toxicological information was not available for a chemical, as noted on the tables.

The toxicities of the PAR compounds were evaluated using toxicity equivalency factors (TEFs).
Benzo(a)pyrene is considered to be one of the most potent PAR carcinogens. As such, the toxicity of the
other carcinogenic PARs is typically expressed relative to the toxicity ofbenzo(a)pyrene through the use
ofa TEF. The TEF is the ratio of the toxicity of the carcinogenic PAR to the toxicity ofbenzo(a)pyrene.
The TEFs for the carcinogenic PARs are shown in the table below (USEPA, 1994). The slope factor used
in the risk calculations for each carcinogenic PAR was the slope factor for benzo(a)pyrene multiplied by
the TEF for that PAR. These calculated slope factors are shown on Table 3-7.

Detected PARs
Benzo(a)pyrene

Benzo(b)f1uoranthene '
Dibenz(a,h)anthracene

3.6 Risk Characterization

Toxicity E<;nriyalency Factor

1.0
0.1
1.0

Quantitative evaluation of risks involves combining exposure point concentrations, exposure scenarios,
and toxicity values using methods defined by USEPA to calculate potential carcinogenic and non­
carcinogenic risks. Potential health risks were calculated for the construction worker to assess exposures
to contaminant levels in surface and subsurface soil along the planned route of the subsurface utilities in
the parking lot area.

Chronic Daily Intakes (CDIs) for the construction worker were calculated for each ingestion, dermal
absorption, and inhalation exposure pathway. The equations for calculating intake for each exposure
pathway are shown on Table 3-4. CDIs are expressed as the amount of a chemical an individual would be
exposed to per unit body weight per day (Le., mg/kg-day). The CDIs are averaged over a lifetime
(70 years) for carcinogens, and over the exposure duration for non-carcinogens (USEPA, 1989).

For non-carcinogens, exposure pathways were evaluated by comparing chemical-specific CDIs to their
associated RIDs. Potential non-carcinogenic effects are evaluated as the ratio of the CDI to the RID. The
sum of all chemical-specific CDIIRfD ratios, which are referred to as Hazard Quotients (HQs), for the
COPCs is called the Hazard Index (HI) and is calculated as shown below:

HI= t CD],
,=} RfD,

where:

CDII Chronic daily intake for COPC i (mg/kg-day)
III Hazard Index (unitless)
n Number ofCOPCs in each exposure medium (unitless)
RiD j Reference dose for COPC i (mg/kg-day)

An III less than 1.0 is unlikely to be associated with adverse health effects and is therefore less likely to
be of concern than ail HI greater than 1.0. In addition, the effect/target organ-specific HIs were evaluated
(which assumes that two chemicals that produce adverse effects on the same target organ are dose
additive). Table 3-9 presents the EPC, intake value, RiD and individual hazard quotients for each
exposure pathway for the construction worker.
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TABlE 3-5

NON-eANCER TOXICITY DATA - ORAUDERMAL

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Chemical Chronic! Oral RID Oral Absorption Absorbed RID for Dermal Prtmary Combined RID:Target Organ(s)

of Potential Subchronlc Efficiency for Dermal Target UncertalntylModlfylng

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(1) (MM/DDIYYYY)

4-Isopropylloluene NA NA NA NA NA NA NA NA NA NA

odomethane NA NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene (2) Chronic 3.0E-02 mglkg-day 100"10 30E-Q2 mglkg-day Kidney 3000 IRIS 08/25/03

Benzo(b)nuoranthene (2) Chronic 3.0E-02 mglkg-day 100"10 3.0E-Q2 mglkg-day KJdney 3000 IRIS 08/25/03

Benzo(g,h,l)perylene (2) Chronic 3.0E-02 mg/kg-day 100"10 3.0E-Q2 mglkg-day Kidney 3000 IRIS .08/25/03

Dibenzo(a,h)anthracene (2) Chronic 3.0E-02 mglkg-day 100"10 3.0E-Q2 mglkg-day Kidney 3000 IRIS 08/25/03

Phenanthrene (3) Chronic 3.0E-01 mglkg-day 100"10 3.0E-Q1 mglkg-day None 3000 IRIS 08/25/03

Aluminum NA NA NA NA NA NA NA NA NA NA

Arsenic Chronic 3.0E-04 mglkg-day 100"10 - 3.0E-Q4 mglkg-day Skin 3 IRIS 08/25/03

ead NA NA NA NA NA NA NA NA NA NA

Manganese Chronic 1.4E-01 mglkg-day 4"10 5.6E-03 mglkg-day Nervous System 1 IRIS 08/25/03

Notes'

NA = Not Applicable

(1) USEPA,2001b. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment). Intertm.

(2) Pyrene used as a surrogate for toxicological values for benzo(a)pyrene, benzo(b)nuoranthene, benzo(g,h,l)perylene, and dibenzo(a,h)anthracene.

(3) Anthracene used as a surrogate for toxicological values for phenanthrene.

ND03-099_Tobl.. 3-5 thm 3-Srroble 3-5
9/5103 3-11



TABLE 3-6

NON-CANCER TOXICITY DATA -INHALATION

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Chemical Chronlcl Inhalation RfC Extrapolated RID Pr1mary Combined RfC : Target Organ(s)

of Potential Subchronlc Target UncertalnlylModlfylng

Concem Value Units Value Units Organ(s) Factors Source(s) Date(s)
(MMlDDIYYYY)

4-lsopropyltoluene NA NA NA NA NA NA NA NA NA

lodomethane NA NA NA NA NA NA NA NA NA

~enzo(a)pyrene NA NA , NA NA NA NA NA NA NA

~enzo(b)nuoranthene NA NA NA NA NA NA NA NA NA

~enzo(g.h.l)perylene NA NA NA NA NA NA NA NA NA

plbenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA

Phenanthrene NA NA NA NA NA NA NA NA NA

:"'!umlnum NA NA NA NA NA NA NA NA NA

Arsenic NA NA NA NA NA NA NA NA NA

ead NA NA NA NA NA NA NA NA NA

Manl1anese Chronic 5.OE.QS mg/m3 1.4E-OS malka-dav Nervous SYstem 1000 IRIS 8/2S/2003

Notes:

NA = Not Applicable
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TABLE 3-7

CANCER TOXICITY DATA - ORAUDERMAL

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Chemical Oral Cancer Siopa Factor Oral Absorpllon Absorbed Cancer Slope Factor Weight of Evldencel OralCSF

of Potential Efficiency for Dermal for Dermal Cancer Guideline

Concern Value Units Value Units Descrlpllon Source(s) Date(s)

(1) (3) (MMIDDIYYYY)

~-Isopropyltoluene NA NA NA NA NA NA NA NA

odomethane NA NA NA NA NA NA NA NA

l:lenzo(a)pyrene 7.3E+00 (mglkg-dayr' 100% 7.3E+00 (mglkg-dayr' 82 IRIS 08125103

~enzo(b )f1uoranthene (2) 7.3E-01 (mglkg-dayr' 100% 7.3E-Q1 (mglkg-dayr' 82 IRIS 08/25103

~enzo(g,h,l)perylene NA NA NA NA NA D IRIS 08/25/03

plbenzo(a,h)anthracene (2) 7.3E+00 (mglkg-dayr' 100% 7.3E+00 (mglkg-dayr1
82 IRIS 08125/03

Phenanthrene NA NA NA NA NA D IRIS 08/25/03

~Iumlnum NA NA NA NA NA NA NA NA

~rsenlc 1.5E+00 (mg/kg-day)-1 100% 1.5E+00 (mglkg-dayr
1

A IRIS 08125103

ead NA NA NA NA NA 82 IRIS 08/25/03

Manganese NA NA NA NA NA NA NA NA

Notes:

(1) USEPA, 2001 b. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

(2) 8enzo(a)pyrene toxic equivalency factors applied to slope factor for benzo(b)f1uoranthene, and dlbenzo(a,h)anthracene.

(3) Weight of Evldence/Cancer Guideline Descriptions:

A - Human carcinogen

81 - Probable human cercfnogen -Indicates that limited human data are available

82 - Probable human carcinogen - Indicates sufficfent evidence In animals and

Inadequate or no evidence In humans

C - Possible human carcfnogen

D - Not classifiable as a human carcfnogen

E - Evidence of noncarclnogenlclty
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TABLE 3-8

CANCER TOXICITY DATA - INHALATION

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Chemical Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ UnIt Risk: Inhalation CSF

of Potential Cancer Guideline
Concern Value Units Value Units Description Source(s) Date(s)

(1) (MMlDDIYYYY)

4-lsopropyltoluene NA NA NA NA NA NA NA

odomethane NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA

Benzo(b)nuoranthene NA NA NA NA NA NA NA

~enzo(g,h,l)perylene NA NA NA NA NA NA NA

pibenzo(a,h)anthracene NA NA NA NA NA NA NA

Phenanthrene NA NA NA NA NA NA NA

~umlnum NA NA NA NA NA NA NA

~senlc 4.3E+OO (mglm3r1 1.5E+01 (mg/kg-dayr1 A IRIS 8/25/2003

ead NA NA NA NA NA NA NA

Manoanese NA NA NA NA NA NA NA

Notes:

(1) Weight of Evidence/Cancer Guideline Descriptions:

A • Human carcinogen

B1 • Probable human carcinogen -Indicates that limited human data are available

B2· Probable human cerclnogen - Indicates sufficient evidence In animals and

inadequate or no evidence In humans

C - Possible human carcinogen

D - Not classinable as a human carcinogen

E • Evidence of noncarclnogenlclty
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TABLE 3-9

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Medlum ExposUI1l ExpoSUl1l Expasul1l Chemical of EPC Cancer Risk calculatlons Non-Cancer Hazard Calculations

Mad1um Point Route Potential Concern Value Units IntakelExposure Concentration CSFlUnlt Risk Cancer RIsk IntakelExposure ConcentraUon RlDlRIC Hazard auoUent
Value Units Value Units Value Units Valus Units

SoD SoIl SOU Incidental 4-lsopropyttoluene 000044 mgI1<! 57E-12 mglkg-day NA NA - 40E-l0 mglkg-day NA NA -
Ingestion lodomelhane 0000844 mglk! 11E-ll mglkg-dey NA NA - 76E-l0 mgI1<g-day NA NA -

Benzo(alpymne 0218 mglk! 2.8E-D9 mglkg-dey 73E+OO (mglkg-day)-1 2.0E-08 19E-07 mgI1<g-day 3.0E-02 mglkg-day 85E-D8

Benzo(b)fluoranlhene 0.286 mglkg 3.7E-D9 mglkg-day 73E-Ol (mglkg-day)-l 27E-D9 2.6E-07 mgI1<g-dey 3.0E-02 mg/kg-day S6E-D8

Benzo(g,h,llperyiene 0.22 mglk! 2SE-D9 mglkg-day NA NA - 2.0E-07 mglkg-day 3.0E-02 mglkg-day 6.6E-08

Dlbenzo(a,h)anlhracene 0.068 mglk! S.5E-l0 mglkg-day 7.3E+00 (mglkg-day)-l 82E-09 8.OE-OS mglkg-dey 3.0E-02 mg/kg-day 2.0E..p6

Phenanthrene 0.255 mglk! 33E-D9 mglkg-day NA NA - 2.3E-07 mglkg-day 30E-Dl mg/kg-day 7.7E-07

Aluminum 12475 mglk~ 18E-D4 mglkg-day NA NA - 1.lE-D2 mglkg-day NA NA -
Arsenic 9.27 mglk~ 12E-D7 mglkg-day 15E+OO (mg/kg-day)-1 1.8E-D7 8.4E-08 mgikg-day 3.0E-04 mglkg-day 2.8E-D2

Lead 42 mglk~ 5.4E-07 mglkg-day NA NA - 38E-D8 mg/kg-day NA NA -
Manganese 401 mglkg 52E-D8 mgI1<g-day NA NA - 3.6E-04 mglkg-day 1.4E-01 mglkg-dey 2.6E-03

IExp. Route Tota~ I 21E-07 I 30E-D2

Dermal 4-'sopropyttoluana 000044 mgikg NlA N/A NA NA - N/A NlA NA NA -
Absorption lodomelhane 0.000844 mglk~ NlA NlA NA NA - NlA NlA NA NA -

Benzo(a)pymne 0218 mglk~ 4.2E-l0 mg/kg-dey 73E+OO (mg/kg-day)-l 3.1E-09 30E-OS mglkg-dey 3.0E-02 mglkg-day 9.9E-D7

Benzo(blfluoranthene 0.28S mglk! 5.6E·l0 mglkg-dey 73E-Dl (mg/kg-daYH 41E-l0 3.9E-OS mglkg-day 3.0E-02 mgI1<g-day 1.3E-D8

Benzo(g,h,IJperyiene 0.22 mgI1<! 43E-l0 mglkg-day NA NA - 3.OE-D8 mglkg-dey 30E-02 mg/kg-day 1.0E-08

Dlbenzo(a,h)anthracene 0.066 mg/k! 1.3E-l0 mglkg-day 73E+OO (mg/kg-day)-l 94E-l0 9.OE-09 mglkg-day 3.0E-02 mg/kg-day 30E-07

Phenanthrene 0.255 mg/k! 5.OE-l0 mg/kg-day NA NA - 3.5E-DS mglkg-day 30E-Ol mg/kg-day 1.2E-07

Aluminum 12475 mglk! N/A NlA NA NA - N/A N/A NA NA -
Arsenic 9.27 mg/k! 42E-D9 mgI1<g-day 15E+OO (mglkg-day)-l 83E-09 2.9E-07 mglkg-dey 3.0E-04 mglkg-dey 9.SE-04

Lead 42 mglk~ N/A NlA NA NA - NlA NlA NA NA -
Menganese 401 mgIk~ NlA NlA NA NA - NlA NlA 5.60E-03 mgIkg-day -

IExP. Route Tota I 1.1E-OS I 9.SE-04
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Scenario TImeframe: Future •

Iteceptor PopulaUo,1' Con~trucUon Work....

Receptor Age: Adult

TABLE 3-9

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Medium Exposure Exposure Exposure Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Medlum Point Route PotenUai Concem Value Units IntakelExposure Concentration CSFJUnll RIsk Cancer Risk InlakeJExposure Concentration RlDlRfC Hazard Quotient

Value Units Value Units Valua Units Value Units

inhalation of 4-lsopropylloluene 000044 mglk£ 24E·16 IT1g1kg-day NA NA - 17E-14 mglkg-day NA NA -
Pertlculates lodomethane 0000844 mg/kg 45E-16 mglkg-day NA NA - 3.2E-14 mglkg-day NA NA -

Benzo(a)pyrene 0.216 mglk£ 12E-13 mg/kg-day NA NA - 6.1E-12 mglkg-day NA NA -
Benzo(b)nuoranthene 0286 mglk£ 1.5E·13 mglkg-day NA NA - 1.lE·ll mglkg-day NA NA -
Benzo(g,h,l)perylene 0.22 mglkg 12E-13 mglkg-day NA NA - 8.3E·12 mglkg-day NA NA -
Dlbenzo(a,h)anlhracene 0066 mglkg 35E-14 mglkg-day NA NA - 25E-12 mglkg-day NA NA -
Phenanthrene 0255 mglkg 14E-13 mglkg-dey NA NA - 96E-12 mglkg-day NA NA -
Aluminum 12475 mglkg 67E-ll9 mglkg-day NA NA - 4.7E'()7 mglkg-day NA NA -
Arsenic 9.27 mglkg 50E-12 mglkg-day 1.5E+Ol (mg/kg-day)-1 7.5E-11 3.5E-l0 mg/kg-day NA NA -
Lead 42 mg/kg 23E-ll mglkg-day NA NA - 1.6E-09 mglkg-day NA NA -
Manganese 401 mglkg 22E-l0 mglkg-dey NA HA - 1.5E'()8 mglkg-day 14E.()5 mg/kg-day 1.1E.03

lexp Route TOla~ I 75E-11 I 1.1E.03

/EXPOSure Point Tolal II II 2.2E.()7 II II 3.3E.02 I
lEXPOSure Med1um Tolal II II 2.2E.()7 II II 3.3E.02 I

Medium Tolal II II 2.2E.()7 II II 3.3E.02

Tolal of Receptor RIsks Across All Medla I 2.2E.()7 I Total of Receptor Hazards Across All Media I 3.3E.02
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The potential incremental lifetime cancer risk due to exposure to a specific carcinogenic compound is
calculated by multiplying chemical-specific CDls with their associated SFs. The sum of all chemical­
specific CDI·SF products for the COPCs is called the Excess Lifetime Cancer Risk (ELCR) and is
calculated as shown below:

n

ELCR = I CDl, .SF,
,=1

where:

Cnli =
ELCR =
n =
SFt

Chronic daily intake for COPC i (mg/kg-day)
Excess lifetime cancer risk (unitless)
Number of COPCs in each exposure medium (unitless)
Slope factor for COPC i (mg/kg-dayr1

For the purposes of this assessment, cancer risks for exposure to multiple carcinogenic contaminants were
assumed to be additive. USEPA has established that the acceptable target risk range is between IxlO-O
and lxlO-4. An ELCR below or within this range is unlikely to be associated with cancer effects and is
less likely to be of concern than an ELCR exceeding this range. Table 3-9 presents the EPC, intake value,
SF, and individual carcinogenic risks for each exposure pathway.

The results of the carcinogenic risk and HI calculations for each receptor are summarized on Table 3-10.
Intake calculations are documented in Appendix B. The construction worker evaluated in the risk
assessment was calculated to have an excess lifetime cancer risk (ELCR) of 2.2xlO·7• This risk is lower
than the most stringent endpoint of the USEPA's acceptable target risk range (Le., 10-6 to 10-4 ELCR).
The construction worker evaluated in this risk assessment was calculated to have a hazard index (HI) of
0.033, which is well below the USEPA's Threshold HI of 1.0.

3.7 Uncertainty Analysis

All risk assessments contain elements of uncertainty. Sources and characteristics of uncertainties are
examined in this section to provide perspective for interpreting the results and level of conservatism
inherent in the risk estimates and the underlying assumptions. The purpose ofhighlighting and discussing
uncertainty is to assist in risk management decisions.

Most assumptions made in developing the risk estimates were by design biased toward health
protectiveness, that is, toward overestimating rather than underestimating chemical exposure and risk.
There is, therefore, a reasonable degree of certainty that actual risks to a construction worker exposed to
site soil during construction will not be greater than those estimated in the risk assessment and are likely
to be much lower. Specific uncertainties are highlighted below:

• The Adult Lead Model (USEPA, 2003a) was not used in this analysis to assess potential
exposures to lead in soil because the dw:ation/frequency of exposure of the construction
worker to the site was less than the 90 days/year minimum required for the model to be valid.
The Adult Lead Model estimates the blood lead levels in a fetus based on ingested
contaminated soil lead levels by an expectant adult mother. It is highly unlikely that an
expectant mother would be a construction worker installing utilities at the site. Total non­
carcinogenic risks to the construction worker are not likely to be underestimated due to the
lack of a detailed quantitative assessment ofthis COPC.

ND03~ 3-17
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Toxicological surrogates were used for a few of the COPCs. Use of the selected surrogates
was designed to purposefully generate higher risk estimates than not considering those
COPCs at all, and is conservative from that perspective. It is unknown how the toxicity of
the assigned surrogates relates to the actual toxicity of the COPC that they represent.

The background data considered for the site was the background data collected for the
OFFTA, an area also within NAVSTA Newport. While the samples were not collected
immediately adjacent to the SWOS parking lot area, the data would appear to be
representative ofbackground conditions in the local region. As the background data played a
very limited role in this assessment (i.e., no chemicals were screened out based solely on the
comparison to the background data), the impact of using these data rather than collecting
additional samples closer to the site is minimal.
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TABLE 3-10

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISlAND

IScsnarto l1meframs: Future

IReceptor Poputstlon: Construction WOfl<er

Receptor AIle: Aduft

OOE+OO

OOE+OO

75E-06

99E-06

76E-oe

23E-06

8.8E-()7

OOE+OO

29E-02

OOE+OO

36E-()3

Exposure

Routes Tola!

, 2.7E-()5

29E-02
, 3.6E-()3

Medium I ElqJosure I Exposure I Chemlcsl II Carcinogenic RIsk II Non-Carclnogenlc Hazard Quotient

Medium Point 01 Polen1lal

Conc:em II IngesUon InhalaDon Dermal External Exposure PrImary I IngesUon I InhalaDon I Dermal

lRadlaUon Roules Tolal Tamal Or,

Soli I Son I Son 4-1sopropy1toluene - - - - OOE+OO NA

lodomethans - - - - 0 OE+OO NA

Benzo(a)pyrene 2.0EoOO - 3 lEoOO - 2.3E-Q8 KIdney 6.5EoOO - 99E-()7

Benzo(b)fIuoranlhene 2.7E-()9 - 41E·l0 - 3.1E-()9 KIdney 6.6EoOO - l3E-Q8

Benzo(g,h,l)perytene - - - - OOE+OO KIdney 66EoOO - 1 0E-06

Dlbenzo(a,h)anthracene 6.2E-()9 - 94E·l0 - 7.1E-()9 KIdney 20E-oe - 30E-()7

Phenanthrens - - - - O.OE+OO None 7.7E-()7 - 1.2E-()7

Aluminum - - - - O.OE+OO NA

Arsenic 1.6E-()7 75E·ll' 6.3E-()9 - 1.9E-()7 Skin I 26E-02 I - I 98E-04

OOE+OO NA

O.OE+OO Nervous Systeml 2.6E-()3 I 1.1E-()3

2.1E-()7 I 75E-ll I llE-oa I OOE+OO II 2.2E-()7 30E-02 1.1E-()3

II 2

i=======,il:'Expos===ure Medium Tola!

Medium Tola!

Reosplor Tola! Reosptor RIsk Tola! I 2.2E-()7 I Re

Tolal KIdney HI Across AD Media

Tola! SkIn HI Across AD Media

, TOIeI Nervous System HI Across An Media

NDO:J..099_Tlblc3·IO
9M] 3-19



4.0 REFERENCES

Tetra Tech NUS, 2000. Background Soil Investigation for Old Fire Fighting Training Area, Naval
Station Newport, Newport, Rhode Island. August 2000.

USEPA, 1989. Risk Assessment Guidance for Superfund (RAGS): Volume I - Human Health
Evaluation Manual (Part A). Interim Final. Office of Emergency and Remedial Response.
EPA/540/1-89/002.

USEPA,1994. Risk Updates, Number 2. Region 1, New England. August.

USEPA, 1995. Assessing Dermal Exposure from Soil, EPA Region ill Technical Guidance Manual,
EPA/903-K-95-003. December.

USEPA, 1996. Soil Screening Guidance. Users Guide. EPA 9355.4-23. Office of Solid Waste and
Emergency Response.

USEPA, 1997a. Health Effects Assessment Summary Tables (HEAST). Office of Research and
Development. EPA/5401R-97/036. July.

USEPA, 1997b. Exposure Factors Handbook. Volume I - General Factors. EPA/600/P-95002/Fa.
August.

USEPA, 1997c. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual
(part A). Supplemental Guidance. Dermal Risk Assessment (Interim Guidance). EPA Region I.

USEPA,2001a. ProUeL User's Guide. May.

USEPA,2001b. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual
(part E, Supplemental Guidance for Dermal Risk Assessment). Interim Guidance. Office of
Emergency and Remedial Response. EPA/540/R-99/005. September.

USEPA, 2001c. Risk Assessment Guidance for SuperfuD.d (RAGS): Volume I - Human Health
Evaluation Manual (part D, Standardized Planning, Reporting and Review of Superfund Risk
Assessments). Final. December. .

USEPA, 2002. Region 9 Preliminary Remediation Goals Table 2002 Update. October 1.

USEPA,2003a. Recommendations of the Technical Review Workgroup for Lead for an Approach to
Assessing Risks Associated with Adult Exposure to Lead in Soil. EPA-540-R-03-001. January.

USEPA,2003b. Integrated Risk Information System (IRIS). Online Database.

ND03-4>99
9/S103

4-1



ND03-099_App_A
9/5103

Appendix A

Data Quality Review Details



TABLE OF CONTENTS

1.0 RESULTS A-I
1.1 Holding Times A-I
1.2 Laboratory, Preparation and Trip Blanks A-I

1.2.1 VOCs A-l
1.2.2 SVOCs A-I

1.3 Field and Laboratory Duplicate Precision A-I
1.3.1 VOCs A-I
1.3.2 SVOCs A-I
1.3.3 PAHs .......................................................................................•.......................... A-2
1.3.4 Metals A-2

1.4 MS/MSD Recovery and Relative Percent Difference (RPD) : A-2
1.4.1 SVOCs A-3
1.4.2 PAHs A-3
1.4.3 Metals A-3

1.5 Surrogate Standard Recoveries ' A-4
1.5.1 VOCs A-4
1.5.2 SVOCs A-4
1.5.3 Pesticides A-4
1.5.4 PCBs A-5

1.6 Laboratory Control Samples A-5
1.6.1 VOCs A-5
1.6.2 SVOCs A-5
1.6.3 PAHs A-5
1.6.4 Pesticides A-5
1.6.5 Metals A-5

1.7 Internal Standard Areas A-7
1.7.1 VOCs A-7
1.7.2 SVOCs A-7

1.8 PCB and Pesticide Target Compound Identification A-8
1.8.1 ICP Serial Dilutions A-8

LIST OF TABLES

Table A-I
Table A-2
Table A-3
TableA-4
TableA-5
TableA-6
Table A-7
TableA-8
Table A-9
Table A-IO
Table A-ll

MS/MSD Recovery and Relative Percent Difference for VOCs A-2
MS/MSD Recovery and Relative Percent Difference for SVOCs A-3
Surrogate Standard Recoveries for VOCs A-4
Surrogate Standard Recoveries for SVOCs A-4
Surrogate Standard Recoveries for Pesticides :A-4
Surrogate Standard Recoveries for PCBs A-5
Laboratory Control Samples for VOCs A-5
Laboratory Control Samples for SVOCs A-6
Internal Standard Areas for VOCs A-7
Internal Standard Areas for SVOCs A-7
PCB and Pesticide Target Compound Identification A-8

A-i



1.0 RESULTS

1.1 Holding Times

All analyses were performed within Method specified holding times.

1.2 Laboratory, Preparation and Trip Blanks

1.2.1 VOCs

Acetone is reported at 5 uglKg in the laboratory method blank for SDG B1235 and SDG B1229. All
positive results for acetone in the samples of SDG Bl235 and SnG Bl229 less thaJJ, 50 uglKg are
qualified as non detect due to the potential false positives from laboratory contamination.

An equipment rinsate blank sample collected on 7/28/03 has a reported detection for methylene chloride
(8 ugIL) and all positive results for methylene chloride should be qualified with a B for the potential of
false positive results due to field cross contamination.

No trip blank samples were collected during this field event. The potential for cross contamination
between samples during collecting and shipping cannot be determined. Since none of the VOC samples
has very high levels of contamination reported the likelihood of cross contamination is determined to be
minor there is no impact on the usability of the data.

1.2.2 SVOCs

Bis(2-ethylhexyl)phthalate is detected (89 ugIKg) in the laboratory method blank for SDG B1235. All
positive results less than 450 uglKg for samples in SDG B1235 are qualified as non-detect due to
potential false positive results from laboratory contamination.

Bis(2-ethylhexyl)phthalate is detected (5 UgIL) in the equipment rinsate blank collected on July 28, 2003.
Bis(2-ethylhexyl)phthlate is also detected in the aqueous (3 ugIL) and solid (49 uglKg) laboratory blank
samples for SDG B1229. The equipment blank contamination is likely due to laboratory contamination
and all samples with positive results for bis(2-ethylhexyl)phthalate should be qualified 'B' for blank
contamination and all positive results < 250 uglKg should be qualified as non detect 'U' due to the
potential for false positives from laboratory blank contamination.

1.3 Field and Laboratory Duplicate Precision

1.3.1 VOCs

The field duplicate (SWOS-l(1.5-3» sample results do not meet criteria for reproducibility «50% RPD).
'The RPD for detected compounds are 67% for methylene chloride, 143% for 2-butanone, aDd 67% for
naphthalene. The results for methylene chloride, 2-butanone and naphthalane are qualified as estimated
due to uncertainty in the reported results.

1.3.2 SVOCs

The field duplicate sample, SWOS-l(1.5-3), results did not meet criteria for reproducibility
for fluoranthene (73.7%), pyrene (80%), benzo(a)anthracene (72.7%), chrysene (76.4%),
benzo(b)fluoranthene (80.3%) and benzo(a)pyrene (78.3%). The results for these compounds in sample
SWOS-l(1.5-3) should be qualified as estimated due to the uncertainty in the reported results.
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1.3.3 PARs

The field duplicate sample, SWOS-l(1.5-3), results did not meet criteria for reproducibility for pyrene
(114.9%), benzo(a)anthracene (65.2%), benzo(b)fluoranthene (62.3%), benzo(k)fluoranthene (63.6%),
benzo(a)pyrene (56.7%), indeno(1,2,3-cd)pyrene (68.9%), dibenz(a,h)anthracene (70.3%) and
benzo(g,h,i)perylene (73.5%). The results for these compounds in sample SWOS-l(1.5-3) should be
qualified as estimated due to the uncertainty in the reported results.

1.3.4 Metals

The laboratory duplicate results do not meet criteria for Lead (31.2%) and Silver (25.6%) in SDG B1235.
All results for Lead and Silver in SDG B1235 are qualified as estimated due to uncertainty in the results.
The results are usable for project purposes.

1.4 MSIMSD Recovery and Relative Percent Difference (RPD)

The following analytes did not meet criteria for recovery and/or reproducibility in the VOC matrix spike
and matrix spike duplicate samples (SWOS-l(1.5-3)).

Table A-I
MSIMSD Recovery and Relative Percent Difference for VOCs

Compound MS%R MSD%R RPD Action

Dichlorofluoromethane 56 J
Chloromethane 123 J
Trichlorofluoromethane 62 43 J
Acetone 192 443 79 J
Methylene chloride 59 J
Methyl tert butyl ether 141 152 J
1,I-dichloroethane 123 130 J
2-butanone 200 J
Cis-l,2-dichloroethene 117 J
Bromochloromethane 135 J
Chloroform 126 J
1,2-dichloroethane 130 J
Bromodichloromethane ' 123 J
1,2-dichloropropane 128 139 J
Dibromomethane 128 135 J
Bromodichloromethane 120 130 J
1,1.2-trichloroethane 128 139 J
1,3-dichloropropane 144 161 J
2-hexanone 138 148 J
Dibromochloromethane 131 148 J
1 2-dibromoethane 128 135 J
1,1,1,2-tetrachloroethane 123 139 J
Bromoform 130 J
1,1,2,2-tetrachloroethane 195 217 J
Bromobenzene 126 135 J
1,2,3-trichloropropane 174 196 J
1,2-dibromo-3-chloropropane 141 152 J
Hexachlorobutadiene 44 52 J
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1.4.1 SVOCs

The following analytes did not meet criteria for recovery and/or reproducibility in the SVOC matrix spike
and matrix spike duplicate samples (SWOS-l(1.5:..3».

TableA-2
MSIMSD Recovery and Relative Percent Difference for SVOCs

Compound MS%R MSD%R RPD Action

4-cbJoro-3-methylphenol 53 J
2,4.5-tricbJorophenol 51 J
2-nitroaniline 53 J
Dimethvlphthalate 53 J
2,6-dinitrotoluene 58 J
4-nitrophenol 44 J
Dibenzofuran 58 J
2,4-dinitrotoluene 58 42 J
Diethvlphthalate 58 J
4,6-dinitro-2-methvlohenol 32 J
Dimethvlohthalate 60 J
4-bromoohenvl-ohenvlether 58 65 J

.HexacbJorobenzene 63 65 J
PentacbJorophenol 12 18 J
Phenanathrene 60 49 J
di-n-butylphthalate 58 60 J
Fluoranthene 57 J
Pvrene 57 49 J
Butylbenzvlphthalate 53 60 J
Bis(2-ethvlhexvl)phthalate 54 61 J
di-n-octylphthalate 58 J
Benzo(b)fluoranthene 58 J
Benzo(a)ovrene 59 J
Indeno(I.2,3-cd)ovrene 53 J
Dibenzo(a,h)anthracene 48 55 J

1.4.2 Pi\lIs

The recoveries of analytes in the MS and MSD samples for the Pi\lI analysis were generally below
criteria for all compounds. The reported results for sample SWOS-I(1.5-3) should be considered to be
estimated to low bias, potential false negatives. The results are usable for project purposes.

1.4.3 Metals

Aluminum (32.7%) and Lead (68.0%) are recovered low in the matrix spike collected with the field
samples. All sample results for SDG Bl229 and Bl235 are qualified as estimated due to potential low
bias, possible false negatives, in the results due to matrix interference. The low bias does not impact the
usability of the data.

ND03-099_Aw_A
915103
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1.5 Surrogate Standard Recoveries

1.5.1 VOCs

The following samples have more than one surrogate recovered outside of criteria.

TableA-3
Surrogate Standard Recoveries for VOCs

Sample Surrogates Low Surrogates High Action

SWOS-40.5-3) I 2 J(+)
SWOS-3(1.5-3) 0 3 J(+)
SWOS-H1.5-3) 0 I J+
SWOS-4(l.5-3) I 2 J(+
SWOS-3 1.5-3) 0 I JI+
SWOS-3 0-1.5) 0 I J(+)
SWOS-6 0-1.5) 0 I J(+I
SWOS-2(l.5-3) 0 I J(+)
SWOS-IO(0-1.5) 0 I J(+)
SWOS-IO(0-1.5)Re 0 I J(+)

1.5.2 SVOCs

The following samples have more than I surrogate recovered outside of criteria.

TableA-4
Surrogate Standard Recoveries for SVOCs

Sample Surrogates Low Surrogates mgh Action
SWOS-6(1.5-3) 3 J
SWOS-5(1.5-3) 2 J

1.5.3 Pesticides

The following samples have surrogates recovered outside ofcriteria.

TableA-5
Surrogate Standard Recoveries for Pesticides

Sample Tetrachloro-m-xylene Decachlorobiphenyl Action
SWOS-5(1.5-3) I low J
SWOS-4(1.5-3) I low J
SWOS-3(0-1.5) I high J(+)
SWOS-9(1.5-3) 2 high J(+)
SWOS-8(1.5-3) I high J(+}
SWOS-2(0-1.5) I high J(+)
SWOS-H1.5-3) 2 low J
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1.5.4 PCBs

The following samples have surrogates recovered outside of criteria.

TableA-6
Surrogate Standard Recoveries for PCBs

Tetrachloro-m- lene Decachlorobi
2hi

1.6 Laboratory Control Samples

1.6.1 VOCs

The following analytes did not meet criteria for recovery in the VOC laboratory control samples.

TableA-7
Laboratory Control Samples for VOCs

LCS Analytes Recovery Limits Action Samples Affected
V2WLCS Cis-l,2-dichloroethene 116 J SWOS-8(1.5-3)

SWOS-7(1.5-3)
SOWS-6(0-1.5)
SWOS-6(1.5-3)
SWOS-2(0-1.5)
SWOS-2(1.5-3)

Field DUD
V2ZLCSD 1,2-dichloropropane 118 J

1.6.2 SVOCs

The analytes in Table A-8 did not meet criteria for recovery in the SVOC laboratory control samples.

1.6.3 J>J\lIs

Naphthalene (46%), fluorene (46%) and fluoranthene (48%) were recovered low in the laboratory control
sample analyzed with the field equipment rinsate blank. The non detect results for naphthalane, fluorene
and fluoranthene are considered to be estimated due to potential low bias, false negatives. The results are
considered to be usable for project purposes.

1.6.4 Pesticides

The recovery of delta-BRC (31%) did not meet method criteria. The reported result for delta-BRC in
sample SWOS-l(1.5-3) should be considered as estimated due to potential low bias, possible false
negative. The result is usable for project purposes.

1.6.5 Metals

Silver (120.2%) was recovered above criteria for a laboratory control sample analyzed with the SDO
B1235. All positive reported results for silver for samples in SDO B1235 are qualified as estimated due
to the potential high bias, false positive results. The results are usable for project purposes.

ND03-099_App_A
9/5/03
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TableA-8
Laboratory Control Samples for SVOCs

LCS Analytes Recovery Limits Action
Samples <

Affected

S4ZLCS 2-nitroaniline 59 J SWOS-9(O-1.5)
4-bromophenyl- 59 J SWOS-IO(O-1.5)
phenylether SWOS-IO(1.5-3)
Hexachlorobenzene 65 J SWOS-8(O-1.5)
di-n-butylphthalate 57 J
Pyrene 65 J
Butvlbnzvlphthalate 54 J
Bis(2-ethylhexyl)phthalate 55 J
di-n-octylphthalate 53 J

S2FLCS 2,4-Dinitrophenol 0 R SWOS-2(O-1.5)
4,6-dinitro-2-methvlphenol 16 J SWOS-7(O-I.5)
di-n-octylphthalate 65 J SWOS-2(1.5-3)

SWOS-l(1.5-3)
SWOS-8(1.5-3)

\ SWOS-6(1.5-3)
SWOS-6(O-1.5) ,
SWOS-3(O-1.5)
SWOS-3(1.5-3)
SWOS-5(1.5-3)
SWOS-4(1.5-3)
SWOS-7(1.5-3)
SWOS-l(O-1.5)
SWOS-4(O-I.5)
SWOS-5(O-1.5)

S2MLCS 4,6-dinitro-2-methylphenol 28 J SWOS-9(1.5-3)
SWOS-7(1.5-3)
SWOS-l(O-1.5)
SWOS-4(O-1.5)
SWOS-5(O-1.5)

S2MLCSD 2,4-dinitrophenol 6 R SWOS-9(1.5-3)
4,6-dinitro-2-methylphenol 17 J SWOS-7(1.5-3)

SWOS-l(O-1.5)
SWOS-4(O-l.5)
SWOS-5(O-1.5)
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1.7 Internal Standard Areas

1.7.1 VOCs

The following samples did not have internal standard (IS) responses that met method criteria for the VOC
analysis.

TableA-9
Internal Standard Areas for VOCs

Samples IS High (>200%) IS Low « 50%) Action
SWOS-5(1.5-3) 3 J
SWOS-4(0-1.5) 1 J
SWOS-4(1.5-3) 3 J
SWOS-3( 0-1.5 2 J
SWOS-3{ 1.5-3 ) 3 J
SWOS-91 1.5-3) 2 J
SWOS-8(1.5-3) 3 J
SWOS-7(l.5-3) 2 J
SWOS-6 0-1.5) 3 J
SWOS-2 1.5-3) 3 J
SWOS-l 1.5-3) 1 J(+)
FIELDDUP 1 J(+)
SWOS-5 0-1.5 2 J
SWOS-4l 1.5-3 3 J
SWOS-3 1.5-3 1 J
SWOS-8(l.5-3 3 J

1.7.2 SVOCs

The following samples did not have internal standard responses that met method criteria for the SVOC
analysis.

TableA-10
Internal Standard Areas for SVOCs

Samples IS High (>200%) IS Low « 50%) Action

SWOS-4(O-I.5) 1 J
SWOS-5(0-1.5) 2 J

ND03.Q99_App_A
915103
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1.8 PCB and Pesticide Target Compound Identification

The following compounds do not meet criteria for precision between analytical column results.

TableA-ll
PCB and Pesticide Target Compound Identification

Sample Analyte %D Action

SWOS-4(l.5-3) Aldrin 117.5 J
SWOS-6(0-1.5) 4,4-00E 48.3 J
SWOS-6(1.5-3) 4,4-00E 66.7 J
SWOS-9(1.5-3) 4,4-00E 32.2 J

Alpha-chlordane 42.8 J
Gamma-chlordane 41.5 J

SWOS-8(0-1.5) 4,4'-00E 37 J

1.8.1 ICP Serial Oilutions

The serial dilution sample for SOG B1235 does not meet criteria for Barium (12.9%), Cadmium (33.6%),
Cobalt (10.6%), Lead (10.8%), Magnesium (11.0%), Manganese (11.1%) and Zinc (12.9%). All results
for Barium, Cadmium, Cobalt, Lead, Magnesium, Manganese and Zinc are qualified as estimated due to
uncertainty in the results.
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Table: B-1
Site: SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND
Scenario Timeframe: Future
Medium: Soli
Exposure Medium: Soli
Receptor Populallon: Construction Worker
Receptor Age: Adult
Exposure Route: Incidental Incestlon

INTAKE = Exposure Point X Soilingeslion X Exposure
1 1

X Exposure X Conversion X Body X Averaging Time-
~ Concentration In Soli Rate Frequency Duration Factor 1 Weight Cancerm. - a~

Variable Symbols = CS IR-S EF ED CF1 BW AT-C
Parameter Values = Site-Specific 480 48 1 1.E-06 70 25,550

Parameter Units = mg/kg mg/day days/year years kg/mg kg days

-
Exposure Point Soli Ingestion Exposure Exposure Conversion Body Averaging Time-

INTAKEExposure Point Chemical of Concern Concentrallon In Soli Rate Frequency Durallon Factor 1 Weight Cancer
maiko ma/dav davs/vear vears ka/ma kli' days malka-dav

Soli 4-lsopropyltoluene 0.00044 480 48 1 1.E-Q6 70 25,550 5.7E-12
lodomelhane 0.000844 480 48 1 1.E-06 70 25,550 1.1E-11
Benzo(a)pyrene 0.216 480 48 1 1.E-06 70 25,550 2.8E-Q9
Benzo(b)f1uoranthene 0.286 480 48 1 1.E-06 70 25,550 3.7E-Q9
Benzo(g,h,i)perylene 0.22 ' 480 48 1 1£-06 70 25,550 2.8E-Q9 .
Dibenzo(a,h)anthracene 0.066 480 48 1 1 E-06 70 25,550 8.5E-10
Phenanthrene 0.255 480 48 1 1.E-QS 70 25.550 3.3E-Q9
Aluminum 12475 480 48 1 1.E-06 70 25,550 1.6E-Q4
Arsenic 9.27 480 48 1 1.E-06 70 25,550 1.2E-Q7
lead 42 480 48 1 1.E-06 70 25,550 5.4E-Q7
Manganese 401 480 48

.
1 1.E-06 70 25,550 5.2E-06

I I
'.
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ITable B-2
Ita SWOS SITE. NAVAl STATION NEWPORT. PORTSMOUTH. RHODE ISLAND
cenarto Tlmeframe: Future

"edlum' Son
XPOSIml Medium: son
eceptor Population: ConslnJclIon Worker
eceptor Age: Adult

=xcosura Route. Dermal Absofllflon

INTAKE a Exposure Point X Skin Surface Araa X Dermal Absorption X Soli 10 skin
'lI<o-<la" Concentration In son Avanable for Contact Factor (Solid) adherence factor

1 1
Exposura Exposure X Convarl!lon X~ X~ng Tim....

X Frequency X Duretlon Factor 1 Weloht Cancer

4-lsopropyltoluena 000044 7.014 N/A 008 48
lodornelhane 0000844 7.014 NlA 0.08 48
Benzo(a)pyrane 0216 7.014 0.13 0.08 48
Benzo(b)nuoranthene 0286 7.014 013 008 48
Benzo(g.h,l)peryfene 022 7.014 0.13 008 48
Dibenzo(e,h)anthracene 0068 7.014 013 008 48
Phenanthrene 0255 7.014 0.13 008 48
Aluminum 12475 7.014 NlA 008 48
Arsenlc 9.27 7.014 0.03 008 48
Lead 42 7.014 N/A 008 48
Manganese 401 7.014 NlA 008 46

lotes'
:NJA - Not Applicable

Variable Symbols a

Parameter Values a

Parameter Units =

NDOI-099_App_BJntal. <a1.vls-a-der RME9.

CS
SIIe-SpecfRc

mglkg

SA
7.014

cm2Iday

DABS
Chemlcal-Specffic

unlUe..

SSAF
008

mglcm2

EF
48

dayslyaar

ED CFl BW AT-C
1 1 E-ll6 70 25.550

yea", kglmg kg days

Exposure Convarl!lon Body Avereglng Time-
Duration Factor 1 Weight Cancer

'earl! kg/mg kl

1 E-ll6 70 25.550 NJA
1 E-ll6 70 25.550 NJA
1 E.()6 70 25,550 42E-l0
1 E-ll6 70 25.550 5.6E-l0
I.E'()6 70 25,550 43E·l0
I.E'()8 70 25.550 13E·l0
1 E.()6 70 25,550 50E-l0
1 E-06 70 25.550 NJA
1 E-06 70 25.550 42E.()9
I.E-ll6 70 25.550 NJA
1 E-06 70 25.550 NJA



Table: B-3
Site: SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND
Scenario TImeframe: Future
Medium: Soil
Exposure Medium: son
Receptor Population: Construction Worker
Receptor Age: Adult .
IExposure Route: Inhalation

INTAKE = Exposure Point X
1

X Inhalallon X Exposure X
1 1

Particulate
Exposure Exposura -

g/k -<l Concentrallon In son
Emission Factor

Rate TIme Frequency X Durallon X Body X Averaging TIme-
__m_ g ay Weight Cancer

Variable Symbols = CS PEF IN ET EF ED BW AT-C
Parameter Values = Site-Specific 132E+09 33 8 48 1 70 25,550

Parameter Units = mglkg m3lkg m3lhr hourlday dayslyear years kg days

Exposure Point Particulate Inhalation Exposura Exposure Exposure Body Averaging TII1le-
INTAKEExposure Point Chemlcel of Concern Concentrallon In Soil emission Factor Rate TIme Frequency Duration Weight Cancer

maiko m3lka m3/hr hourldav davslvear vears ka davs malka-<lav

Soil 4-lsopropyltoluene 0.00044 1.3E+09 3.3 8 48 1 70 25,550 2.4E-18
lodomethane 0.000844 1.3E+09 3.3 8 48 1 70 25,550 4.5E-16
Benzo(a)pyrene 0.216 1.3E+09 3.3 8 48 1 , 70 - 25,550 1.2E-13
Benzo(b)nuoranlhene 0.286 1.3E+09 3.3 8 48 1 70 25,550 1.5E-13
Benzo(g,h,Qperytene 0.22 1.3E+09 3.3 8 48 1 70 25,550 1.2E-13
Dlbenzo(a,h)anlhracene 0.066 13E+09 33 8 48 1 70 25,550 35E-14
Phenanthrene 0.255 1.3E+09 33 8 48 1 70 25,550 1 4E-13
Aluminum 12475 13E+09 33 8 48 1 70 25,550 6.7E-09
Arsenic 9.27 1.3E+09 3.3 8 48 1 70 25,550 50E-12
Lead 42 1.3E+09 3.3 8 48 1 70 25,550 2.3E-11
Manganese 401 1.3E+09 3.3 8 48 1

,
70 25,550 22E-10

I I

ND03-099_ App_B_Intake calavls-ss·inh RME
9/5/03



ITable:-- 8-4
Site: SWOS SITE. NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND
Scenario TImeframe: Future
Medium' Soli
Exposure Medium: Soli
Receptor Population: Construction Worker
Receptor Age: Adult
Exposure Route: Incidentallnaestlon

INTAKE = Exposure Point X Soli Ingestion X Exposure
1 1

X Exposure X Conversion X Body X Averaging Time-
glk -d Concentration In Soli Rate Frequency Duration Factor 1 Weight Non-Cancerm g ay

Variable Symbols = CS .IR-S EF ED CF1 BW AT-N
Parameter Values = Site-specific 480 48 1 1.E-06 70 365

Parameter Units = mglkg mg/day days/year years kg/mg kg days

Exposure Point Soli Ingestion Exposure Exposure Conversion Body Averaging Time-
INTAKEExposure Point Chemical of Concern Concentration In Soli Rate Frequency Duration Factor 1 Weight Non-Cancer

malka rna/day days/year years ka/ma ka days malka-day

Soli 4-lsopropyltoluene 0.00044 480 48 1 1.E-Q6 70 365 4.0E-10
lodomethane 0.000844 480 48 1 1£-06 70 365 7.6E-10
Benzo(a)pyrene 0.216 480 48 1 1£-06 70 365 1.9E-Q7
Benzo(b)f1uoranthene 0.286 480 48 1 1.E-06 70 365 2.6E-Q7
Benzo(g,h.l)perylene 0.22 480 48 1 1.E-06 70 365 2.0E-07
Dlbenzo(a,h)anthracene 0.066 480 48 1 1 E-06 70 365 6.0E-08
Phenanthrene 0.255 480 48 1 1.E-06 70 365 2.3E-Q7
Aluminum 12475 480 48 1 1.E-06 70 365 1.1E-<J2
Arsenic 9.27 480 48 1 1.E-06 70 365 8.4E-<J6
Lead 42 480 48 1 1.E-Q6 70 365 3.8E-<J5
Manganese 401 480 48 1 1.E-06 70 365 3.6E-<J4

I I
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Ie' 8-5
: SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND
narlo Tlmelrame' FulUra

m: son
ura Madlum: Son

'Ptor PopulaUon: ConslrucUon Workar
iReceptor Age: Adult

,osure Route: Dermal Absorption

X Skin Surface Area X Darmal AbsorpUon X Soli to skin
Avenable for Contect Fector (Solid) edherence factor

1 1
Exposure Exposure X Conversion XIlodY"'X~ Time-

X Frequency X Duration Factor 1 Walaht Non-Cancer

Vartable Symbols =
Perameter Velues =

Parametar Units =

CS
Slte-spaclllc

mglkg

SA
7.014

cm2lday

DABS
Chamical-spaclllc

unlOess

SSAF
008

mglcm2

EF .

48
dayslyear

ED
1

years

CF1
1 E-oe
kglmg

BW
70
kg

AT-N
365

days

Exposure Point Sldn Surface Araa Dermal AbsorpUon son to skin Exposure Exposure Conversion Body Averaging TIme-
INTAKEExposure Point Chemical of Concem conce":~: In SOO Available for Contact Factor (Solid) adherence factor Frequency Duration

F:;:}
Welghl Non-Cancer

cm2ldav unlOess m!l1cm2 davSJvear vears kn dAVs molko-dav

SOO 4-1sopropyttoluene 000044 7.014 NJA 008 48 1 1 E-Q6 70 365 NlA
lodomethsne 0000844 7.014 NlA 008 48 1 1 E-oe 70 365 NlA
Benzo(aJpyrena 0216 7,014 013 008 48 1 1 E-Q6 70 365 30E-Q8
Benzo(b)lIuoranthene 0.286 7.014 013 008 48 1 1 E-Q6 70 365 3.9E-Q8
Benzo(g.h.IJparytene 022 7.014 013 008 48 1 1 E-Q6 70 385 30E-Q8
Dlbenzo(e.h)anthracene 0066 7.014 013 008 48 1 1 E-Q6 70 365 90E-Q9
Phenanthrene 0255 7.014 013 0.08 48 1 1 E-Q6 70 365 3.5E-Q8
Aluminum 12475 7.014 NJA 008 48 1 1 E-Q6 70 365 NlA
Arsenic 927 7.014 0.03 008 48 1 1 E-oe 70 365 29E-Q7
Lead 42 7.014 NIA 0.08 48 1 1 E-Q6 70 385 NlA
Manganese 401 7,014 NIA 0.08 48 1 1 E-oe 70 365 NlA

Notes:
NIA • Nol Applicable

ND03.(J99_App_B-,ntalte nrI.vb...-<ler RME
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:Table: B-6
Site: SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND
Scenario Timeframe: Future
Medium: Soli
Exposure Medium: SoB
Receptor Population' Construction Worker
Receptor Age: Adult
Exoosure Route: Inhalation

INTAKE = Exposure Point X
1

X Inhalation X Exposure X Exposure
1 1

Particulate X
Exposure -

/kg-<! Concentration In Soli Emission Factor
Rate 11me Frequency Duration X Body X Averaging Time-

ma _ a,L Weight Non·Cancer

Variable Symbols = CS PEF IN ET EF ED BW AT-N
Parameter Velues = Slte-Speclfic 132E+09 3.3 8 48 1 70 365

Parameter Units = mg/kg m3lkg m3lhr hour/day days/year years kg days

Exposure Point Particulate Inhalation Exposura Exposure Exposure Body Averaging Time·
INTAKEExposure Point Chemical of Concem Concentration In Soli Emission Factor Rate 11me Frequency Duration Weight Non-Cancer

maiko m3lka m31hr hour/dav davs/vear vears kci days malka-dav

Soli 4·lsopropyltoluene 0.00044 1.3E+09 3.3 8 48 1 70 365 1.7E-14
lodomethane 0.000844 1.3E+09 3.3 8 48 1 70 365 3.2E-14
Benzo(a)pyrene 0.216 1.3E+09 3.3 8 48 1 70 365 8.1E-12
Benzo(b)nuoranthene 0.286 13E+09 3.3 8 48 1 70 365 1 1E·11
Benzo(g,h,l)perylene 0.22 1.3E+09 3.3 8 48 1 70 365 83E-12
Dlbenzo(a,h)anthracene 0.066 13E+09 3.3 8 48 1 70 365 2.5E-12
Phenanthrene 0.255 1.3E+09 3.3 8 48 1 70 365 9.6E-12
Aluminum 12475 13E+09 3.3 8 48 1 70 365 4.7E-Q7
Arsenic 9.27 13E+09 3.3 8 48 1 70 365 3.5E-10
Lead 42 13E+09 3.3 8 48 1 70 365 1.6E-Q9
Manganese 401 1.3E+09 3.3 8 48 1 70 365 1.5E-Q8

I I
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able: B-7
Chemical-Specific Factors
Site: SWOS SITE, NAVAL STATION NEWPORT, PORTSMOUTH, RHODE ISLAND

Chemical Group Chemical of Concem

4-lsopropyltoluene
lodomethane
Benzo(a)pyrene
Benzo(b)nuoranthene
Benzo(g,h,i)perylene.
Dibenzo(a,h)anthracene
Phenanthrene
Aluminum
Arsenic
Lead
Manaanese

Dermal Absorption Fraction (1)
unitless

N/A
N/A
0.13
0.13
0.13
0.13
0.13
N/A
0.03
N/A
N/A

Sources:
(1) USEPA, 2001. Risk Assessment Guidance for Superfund, Volumel1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk

Assessment), Interim Guidance. - ExhlbiI3.4.

.1
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