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FOREWORD

The process used to determine installations for closure or realignment was
identified in the Defense Base Closure and Realignment Act of 1990 (Public Law
101-510, 104 Statute 1808). Installations recommended for closure or realignment
were selected based on force structure provided by the Joint Chiefs of Staff and
criteria established by the Secretary of Defense. These criteria were approved
by Congress and published in the Federal Register. A consolidated Department of
Defense (DOD)-wide list was submitted by the Secretary of Defense to a bipartisan
commission appointed by the President and confirmed by the Senate. This.
Commission evaluated the Secretary’s recommendations and sent its finding to the
President. 1In 1993, the Commission recommended the closure of Naval Training
Center (NTC), Orlando, Florida.

Pertinent envirommental legal provisions with jurisdiction at Base Realignment
and Closure (BRAC) installations include the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) of 1980, amended by the 1986
Superfund Amendments and Reauthorization Act (SARA), the Resource Conservation
and Recovery Act (RCRA), and the 1984 Hazardous and Solid Waste Amendments. The
DOD conducts an Installation Restoration (IR) program for evaluating and
remediating problems related to releases and disposal of toxic and hazardous
materials at DOD facilities. The Naval Assessment and Control of Installation
Pollutants (NACIP) program was developed by the Navy to implement the IR program
for all Naval and Marine Corps facilities. Southern Division, Naval Facilities
Engineering Command (SOUTHNAVFACENGCOM) has the responsibility for administration
of the Navy IR program in the southeastern United States.

This Project Operations Plan (POP) has been developed by ABB Environmental
Services, Inc. (ABB-ES), to ensure proper conduct of work at NIC, Orlando. The
POP has been designed to incorporate the requirements of a Quality Assurance
Project Plan, Health and Safety Plan, and elements of a Field Sampling Plan (FSP)
related to sampling equipment, procedures, and sample handling and analysis.
Other FSP elements, including sampling objectives and sample location and
frequency, will be addressed in task-specific workplans.

This POP is a dynamic document, and will be modified as necessary during the
course of investigations at NTC, Orlando. A revision block has been included at
the top of each page to track subsequent generations of the document. ABB-ES has
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prepared this document to include specific procedures that are standards for ABB-
ES and subcontractors selected for the NTC, Orlando effort.

Questions regarding this plan should be addressed to the Southern Division BRAC
Environmental Coordinator (BEC) for NTC, Orlando, Mr. Wayne Hansel, at (407) 646-
5294 or the Southern Division Engineer-in-Charge, Ms. Barbara Nwokike at (803)
743-0566.
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1.0 PROJECT DESCRIPTION AND RATIONALE

1.1 PURPOSE. This Project Operations Plan (POP) has been prepared as a
component of Contract Task Order 107 under Navy Contract N62467-C-0317 as
guidance for the conduct of environmental investigations under Base Realignment
and Closure (BRAC) 1993. The purpose of this plan is to define responsibilities
and authorities for data quality, and to prescribe requirements for assuring that
the field exploration activities undertaken by all consultants at Naval Training
Center (NTC), Orlando, Florida, are planned and executed in a manner consistent
with Southern D1v151on, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM),
U.S. Environmental Protection Agency (USEPA) Region IV Envirommental Compliance
Branch Standard Operating Procedures and Quality Assurance Manual (ECESOPQAM)
(USEPA, 1991c), and Florida Department of Environmental Protection (FDEP) quality
assurance (QA) program objectives. In the event of a conflict, USEPA Region IV
guidelines will be followed. This POP includes specific elements of a Sampling
and Analysis Plan (SAP) and Health and Safety Plan (HASP). The USEPA (1984) has
prepared guidance on the preparation of a POP in Guidance for Preparation of
Combined Work/Quality Assurance Project Plans for Environmental Moni toring. The
guidance was designed to eliminate the necess:.ty for preparat:.on of multlple

‘ redundant documents

This POP provides guidance and specifications to ensure that:

. samples are obtained under controlled conditions using appropriate and
documented procedures;

* samples are identified uniquely, and controlled through sample tracking
systems and chain-of-custody (COC) protocols;

. field determinations and laboratory analytical results are of known
quality and are valid and consistent, through the use of certified
methods, preventive maintenance, calibration and analytical protocols,
quality control (QC) measurements, review, correction of ocut-of-control
situations, and audits;

. calculations and evaluations are accurate, appropriate, and consistent
throughout the project;

. generated data are validated and their use in calculations 1is
documented,;

. safety is maintained by requiring that health and safety staff are
included in the project organization; and

. records are retained as documentary evidence of the quality of samples,
applied processes, equipment, and results.

The requirements of this POP apply to all consultant and subcontractor activities
related to the collection of environmental measurements at NTC, Orlando. The POP
adheres to the requirements and guidelines contained in the USEPA Region IV
ECBSOPQAM and Comprehensive Quality Assurance Plan, Florida Operations and CLEAN
Operations, September 1993 (ABB Environmental Services, Inc. [ABB-ES], 1993) for
collection and analysis of samples. Installation of borings and monitoring

NTC_Orl.POP
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wells, and land survey locations will be consistent with SOUTHNAVFACENGCOM
Guidelines for Groundwater Monitoring Well Installation (Appendix A) and USEPA
Region IV ECBSOPQAM guidance. In the event of a conflict, the USEPA specifica-
tions will be followed with the exception of the use of well materials (see
Appendix A, Part 5).

The organizational responsibilities and interactions outlined in Chapter 2.0
extend to all quality-related controls and activities. The QC and QA elements
described in each subsequent chapter are designed to prevent systematic or random
deviations in quality from the prescribed protocols and to document the quality
of all data.

The laboratory analytical program will be conducted by an FDEP and Naval Energy
and Environmental Support Activity (NEESA)-approved Contract Laboratory Program
(CLP) laboratory. Samples will be analyzed by USEPA-approved methods and will
be subject to QA and QC requirements specified by USEPA.

The HASP has been prepared in conformance with Occupational Safety and Health
Administration (OSHA) Regulations 29 Code of Federal Regulations (CFR), Part
1910.120, and NTC, Orlando safety requirements. The HASP references appropriate
information contained in previous investigative documents from NTC, Orlando.

1.2 PROJECT DESCRIPTION. The objective of the overall project at NTC, Orlando
is to perform site screening (SS) surveys, Site Investigations (SIs), and
Remedial Investigations (RIs) in accordance with all relevant State and USEPA
guidance. Preliminary Assessment activities are summarized in the Environmental
Baseline Survey (EBS) for NTC, Orlando (ABB-ES, 1994a).

The SS/SI/RI program can include, but is not limited to, any of the following
basic elements:

. monitoring well installation and groundwater sampling,
. soil boring and soil sampling,

. test pitting and soil sampling,

. geophysical surveying,

. soil gas sampling,

. surface water and sediment sampling,

. surface soil sampling,

. unexploded ordnance clearance surveying,

. _watef level measurement and aquifer testing,

+  TerraProbe™ (direct push) soil sampling,

. field gas chromatograph (GC) and immuncassay analyses,

NTC_Orl.POP
MVL.07.94 1-2

-




Chapter No._1__, Revision No.__0

Date July 13, 1994 , Page 3 of 23

. geotechnical laborator&”;é; iﬁg;'

. investigation-derived waste management,

. chemical analysis,

. elevation surveying,

. site characterization, and

. public health evaluation and environmental assessment.
Samples from a variety of environmental media will be collected during the NTC,
Orlando field program. Media to be sampled include surface soils, subsurface
soils, surface water, sediment, and groundwater. These samples will be analyzed
for a variety of inorganic and organic chemicals. Analyses may include;

. volatile organic compounds (VOCs);

< semivolatileyérgahig compéﬁnds (SVOCs) ;

— totalkpéﬁfdféﬁﬁkhyérécarbons (TPH) ;

. inorganic compounds;

. pesticides and polychlorinated biphenyls (PCBs);

+  herbicides;

. radionuclides;

. explosives;

. Toxicity Characteristic Leachate Procedure (TCLP) for specific
elements;

. Resource Conservation and Recovery Act (RCRA) waste characterization
parameters (ignitability, reactivity, and corrosivity);

. total organic carbon (TOC);

. anions and cations such as chloride, sulfate, and non-specific nitrate
plus nitrite; and

. water quality parameters such as pH, hardness, alkalinity, and total
suspended solids,

1.3 FACILITY BACKGROUND. NTC, Orlando encompasses 2,072 acres in Orange County,
Florida, and consists of four discrete facilities: Main Base, Area "C", Herndon
Annex, and McCoy Annex (Figures 1-1 and 1-2).

1.3.1 Facility Location and Land Use The Main Base occupies 1,095 acres located

approximately 3 miles east of Interstate 4 and north of State Road 50 (Figures

NTC_Orl.POP
MVL07.94 1-3




Chapter No._1 , Revision No._0
Date July 13, 1994 , Page 4 of 23

-
=2 oA
PENSACOLA PATIAMA TALLAHASSEE ) JACKSONVILLE o
"" @
LEESBURG / O
OKAHUMPKA . ~
G, \ ORLANDO <
Y e 75\ <
CAP I:'
O TAMPA ANAVERAL
@6‘ ST. PETERSBURG MELBOURNE
o
b o
FT. PIERCE
) \
u WEST PALM
BEACH

0 50 100 MILES NAPLES ‘
MIAMI
APPROXIMATE SCALE: .
FIGURE 1-1 PROJECT OPERATIONS PLAN
REGIONAL MAP
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 940321WEM

NTC_Orl.POP
MVL07.94 1-4

S




Chapter No. 1 » Revision No.__0

Date July 13, 1994 , Page 5 of 23

)

A Lake MAI N
ﬂ ‘ Druid BASE

NOT TO SCALE

Lake
Baldwin

Lake
Susannah _S.F. 50

SR.438 4 ]

F i
1

HERNDON
ANNEX

e

AREA "C"

BEELINE

McCOY ANNEX

.S. 441

FLORIDA TURNPIKE

To
East Lake
Tohopekaliga

FIGURE 1-2 PROJECT OPERATIONS PLAN

VICINITY MAP

NAVAL TRAINING CENTER
ORLANDQ, FLORIDA

8519-03 94032 1WEM

NTC_Orl.POP
MVI_07.94 1-5




Chapter No._1 , Revision No._0

g |

Daite July 13, 1994 , Page 6 of 23

1-2 and 1-3). The Main Base is surrounded by urban development, including single
and multi-family housing, schools, and commercial buildings. Land uses directly
west and northeast of the area are primarily residential. Small areas of
commercial development occcur to the southwest. Herndon Airport is located 1.5
miles south of the Main Base. No industrial facilities exist adjacent to the
Main Base, with the exception of automotive repair facilities along Bennett Road
on the southwest property line.

Area "C" occupies 46 acres and is located approximately 1 mile west of the Main
Base off Maguire Boulevard (Figure 1-3). Area "C" 1is surrounded by urban
development with multi-family residential development to the north, an office
park to the east, single family residences to the west and south, and a single
family residential development to the north, across Lake Druid. No industrial
facilities exist adjacent to Arez “C".

Herndon Annex occupies 54 acres approximately 1.5 miles south of the Main Base
(Figure 1-3), within the confines of the general aviation Herndon Public Airport
and on the fringe of a major residential area.

The McCoy Annex includes 877 acres and is located 12 miles south of the Main
Base, west of Orlando International Airport (Figure 1-4). The western boundary
of the McCoy Annex is flanked by industrially zoned property. The zoning allows
heavy industry and aviation related development, although the area is not
currently developed. The Beeline Expressway, a major highway running east and
west through Orange County, forms the northern boundary of the Annex. The
property north of the Beeline and within 0.75 mile of the McCoy Annex is used..
primarily by businesses directly related to the airport, such as rental agencies,
hotels, and restaurants. Adjacent to the southern boundary are undeveloped
woodlands (C.C. Johnson, 1985).

1.3.2 History of Operations The land use history of NTC, Orlando dates to the
construction of the original Orlando Municipal Airport prior to 1940. 1In August
1940, the municipal airport was taken over by the Army Air Corps. Shortly
thereafter, the construction program for Orlando Air Base began, culminating in
its official opening on December 1, 1940. During the following 2 years, the Army
Air Corps acquired additional property, and auxiliary landing fields were built
in the surrounding area. The Army Air Corps conducted operations at the Main
Base and Area "C" from 1940 to 1947.

In 1947, the Air Force assumed command of the facilities as the Orlando Air Force
Base (OAFB). The base was deactivated on October 28, 1949, and remained on
standby status until January 1, 1951, when it was reactivated as an Aviation
Engineers’ training site. Other Air Force units arrived, and the Military
Airlift Command (MAC) assumed full jurisdiction of the base in 1953.

The Navy began moving its Training Device Center from Port Washington, New York,
to OAFB on September 15, 1965, and finished the move in June 1967. 1In 1968, the
Air Force ceased operations at OAFB, Area "C", and Herndon Annex. The property
was commissioned as the Naval Training Center Orlando on July 1, 1968.

The history of McCoy Annex dates to 1941 with the construction of Orlando
Municipal Airport No. 2 in Pinecastle, Florida. The new airport was needed due
to the acquisition of the original municipal airport for construction of Orlando
Alr Base to the north. Prior to construction of the new airport, the property

s
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was undeveloped swampland. In 1942, the city leased the Pinecastle property to
the Army Air Corps to construct Pinecastle Army Air Field with acquired
additional lands. The field was ready for operation in April 1943. At the end
of World War II, the base was deactivated and the property returned to the City.
The terms of the property transfer included a "reverter for reactivation" clause
in case of a national emergency. This clause was exercised in 1952 during the
Korean Conflict and the base was reopened as Pinecastle Air Force Base. The base
was renamed McCoy Air Force Base in honor of Colonel Michael N.W. McCoy on May
7, 1958. On August 5, 1959, the Capehart Housing project, a large construction
program consisting of 668 family quarters for officers and airmen, was begun.
The last unit was completed in March 1961. The Air Force retained command of the
base until its closure in 1973. At that time, NTC, Orlando acquired title to
part of the property and changed the name to McCoy Annex. McCoy Annex was
acquired to serve as a community support annex for NTC, Orlando. The majority
of the property, including runways, aircraft hangars, and maintenance facilities
previously used by the Air Force, was never acquired by the Navy. Currently,
that property is owned and used by the Orlando International Airport (ABB-ES,

19964b) .

'1.3.3 Current Operations The stated mission of NTC, Orlando is to exercise

command over, and coordinate the efforts of, the assigned subordinate activities
in recruit training of enlisted personnel; provide initial skill, advanced,
and/or specialized training for officer and enlisted personnel of the regular
Navy and Naval Reserve; and to support other activities as directed by a higher
authority (ABB-ES, 1994b).

The Main Base is. comprised primarily of operational and training facilities.
Area "C" mainly serves as a supply center for NTC, Orlando, and includes a dry
cleaner and the Defense Reutilization and Marketing Office (DRMO).

The Herndon Annex provides research, design, development, testing, evaluation,
procurement, fabrication, maintenance, and logistic support for naval training
devices and equipment. The Herndon Annex includes a computer center, flight-
training building, uniform supply warehouse, and several office buildings.

The McCoy Annex serves primarily as a housing and community support activity for
NTC, Orlando (C.C. Johnson, 1985).

1.4 ENVIRONMENTAL SETTING. The four discrete land areas comprising what is now
known as NTC, Orlando, located in the city of Orlando, Florida (Figures 1-3 and
1-4), have functioned as military facilities since 1940. During that time, the
city has developed and surrounded NTC, Orlando. The following paragraphs
describe the climate, topography, surface water, drainage, geology, hydrogeology,
and potential environmental receptors associated with NTC, Orlando.

1.4.1 Climate The climate of Orange County is subtropical, with an average
annual temperature of about 72 degrees Fahrenheit (°F). Orange County receives
an average of 52 inches of rainfall each year. More than 50 percent of this
precipitation is received from June through September, during thunderstorms that
occur an average of 83 days per year (Lichtler and others, 1968).

1.4.2 Topography, Surface Water, and Drainage NTC, Orlando is situated in
central Orange County, Florida, part of the Atlantic Coastal Plain physiographic

NTC_Or.POP
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province as defined by Meinzer (1923). Most of the city of Orlando, as well as
the NTC, Orlando facilities, are considered to be in the highland topographic
region of the county, where elevations are generally greater than 105 feet above
mean sea level (msl). The topography of this region is characterized by closed
depressions and sinkhole lakes, which commonly facilitate groundwater recharge
(Lichtler and others, 1968).

The topography in the Orlando area is generally flat, with elevations ranging
from approximately 65 feet to 125 feet above msl. The lakes in the area are
prone to flooding. Regional drainage is poorly developed, but generally flows
toward the south. All surface waters in the vicinity of NTC, Orlando are
classified by the State of Florida as Class III waters suitable for fish and
wildlife propagation and water contact sports (Department of Navy [DON], 1992).

The area of the Main Base varies in elevation from approximately 125 feet above
msl at the Recruit Training Command to approximately 91 feet above msl at Lake
Baldwin. Surface water runoff from th main base flows through the storm drainage
system and small intermittent streams to Lake Susannah and Lake Baldwin, and
eventually to the Little Econlockhatchee River, approximately 3 miles east of the
Main Base (DON, 1992; Figures 1-2 and 1-3).

Area "C" land surface elevations range from approximately 115 feet above msl near
the southeast corner of the facility to 99 feet above msl along Lake Druid, which
receives most of the surface water runoff from the area (U.S. Geological Survey
{USGS], 1980a).

The Herndon Annex land surface slopes from a high of approximately 120 feet above
msl at the southwest corner to its low point of about 93 above feet msl at the
northeast corner, adjacent to Lake Barton. Surface water runoff flows into Lake
Barton or to a closed depression with a small sinkhole lake located on the east
side of the area (USGS, 1980b; Figure 1-3).

The land surface at McCoy Annex is generally flat, with a very gentle slope from
north to south. The land surface elevations range approximately from 85 feet to
95 feet above msl. Surface water flows south through drainage canals into Boggy
Creek Drainage Basin, approximately 4 miles south of McCoy Annex. Surface water
from Boggy Creek then flows into East Lake Tohopekaliga approximately 12.5 miles
south of McCoy Annex (DON, 1992; Figure 1-2).

1.4.3 Regional Hvdrogeology

1.4.3.1 Soils and Geology The surface and near-surface deposits in the Orlando
area range from unconsolidated sands to well indurated limestones and dolomites.
The soil at the Main Base and Area "C" is primarily of the Lakeland-Eustis-
Blanton-Orlando type and is excessively to moderately well drained (Figure 1-5).
The soil at the McCoy and Herndon Annexes is primarily of the Leon-Immokalee-
Pomello-St. Johns type, which is generally poorly drained. The surface soil at
NTC, Orlando consists of clayey sands with limestone deposits underneath. Soil
conditions are favorable for development and do not pose any constraints to
development. However, sinkholes have been known to develop in the Orlando area.
No sinkholes have been found on NTC, Orlando property to date (DON, 1992).
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The geologic units of interest in the vicinity of NTC, Orlando are, in descending
order: undifferentiated sediments of Recent and Pleistocene age, the Miocene-age
Hawthorn Group, and the Eocene-age Ocala Group, Avon Park Limestone, and Lake
City Limestone (see Figure 1-6). The Recent and Pleistocene sediments occur at
a thickness of 0 to 200 feet and consist predominantly of quartz sand with
varying amounts of clay and shell (Lichtler and others, 1968).

The Hawthorn Group in the study area consists of gray-green, clayey, quartz sand
and silt; phosphatic sand; and buff, phosphatic limestone, mostly near the base
of the unit, and may include shell or gravel beds (Lichtler and others, 1968).
Included in the Hawthorn Group are, in descending order, the Peace River
Formation and the Arcadia Formation (Scott, 1988), This group varies in
thickness from O foot (not present) to 200 feet (Lichtler and others, 1968).

The Ocala Group consists of cream to tan, fine- to medium-grained, soft to hard,
limestone, which is locally dolomitic. This unit varies in thickness from O feet
(not present) to 125 feet (Lichtler and others, 1968).

The Avon Park Limestone is composed of an upper section of cream to tan, granular
limestone with abundant cone-shaped foraminifera and a lower section of mostly
dense, hard, brown, crystalline dolomite. 1In total, this unit ranges from 400
to 600 feet in thickness (Lichtler and others, 1968).

The Lake City Limestone consists of alternating layers of dark brown crystalline
dolomite and chalky, fossiliferous limestone. The total thickness of this unit
exceeds 700 feet (Lichtler and others, 1968).

1.4.3.2 Aquifer Systems Three aquifer systems are present in the Orlando area:
the surficial aquifer system, an intermediate aquifer, and the Floridan aquifer
system. The surficial aquifer system is composed of Recent, Pleistocene, and
Pliocene-aged sediments. The Floridan aquifer system is composed of carbonate
rocks of the Eocene Epoch (Miller, 1990). The Hawthorn Formation forms an
intermediate aquifer between these two systems. The relationship between the
geologic units and the hydrostratigraphic units in the area is presented
. schematically in Figure 1-6. . o ‘

The surficial aquifer system extends to depths of 70 feet below land surface
(bls) (Figure 1-6) and is composed primarily of quartz sands with varying amounts
of clay and shells. The lower part of the surficial aquifer system contains
predominantly marine sediments. Water is generally found at depths of 3 to 9
feet bls. Depth to water in the surficial aquifer system varies with the seasons
and proximity to discharge areas. Seasonal fluctuations range from a few feet
in eastern Orange County, where the topography is predominantly flat, to
approximately 15 feet in the western highland areas (Board of County Commission-
ers [BOGCG], 1991). The direction of groundwater flow in the surficial aquifer
is variable (Figures 1-7 and 1-8) and generally follows topography, according to
data collected from very limited areas during the previous investigations (see
Section 1.5 of this document).

The Hawthorn Formation underlies the surficial aquifer system throughout most of
the region. The thickness of the Hawthorn Formation varies from zero (not
present) in northwest Orange County to 200 feet thick in southeast Orange County.
The thickness at NTC, Orlando is approximately 85 feet (C.C. Johnson, 1985).
Lithology of the Hawthorn Formation is highly variable, ranging from interfin-
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gered sands, clayey sands, and sandy clays in the upper parts to limestones and
dolomites in the lower part of the unit. Variable amounts of clays and sands are
also present with the carbonate rocks. The sandy layers comprise an intermediate
artesian aquifer within the clayey confining beds. The Hawthorn Formation, where
present, is also considered an upper aquitard for the Floridan aquifer system
(BOCC, 1991).

The Floridan aquifer system 1lies below the Hawthorn Formation and is the
principal water supply source for Orange County. The Floridan aquifer system is
over 1,400 feet in thickness and consists primarily of limestones and dolomites.
Three major rock units make up the Floridan aquifer system. These are the Ocala
Group, the Avon Park Limestone, and the Lake City Limestone.

At NTC, Orlando, two major water producing zones are present in the Floridan
aquifer system. The two zones correspond to the Avon Park and Lake City
Limestones (Figure 1-6). The upper zone lies approximately 150 feet to 600 feet
bls, and the lower zone lies approximately 1,100 to 1,500 feet bls. The lower
zone 1s the primary water supply source in the vicinity of NTC, Orlando (BOCC,
1991). '

Recharge to the Floridan aquifer system in Orange County has been divided into
four areas based on the estimated amount of recharge likely to occur in 1 year.
These areas have been defined as: (1) generally no recharge, (2) very low
recharge (less than 2 inches per year), (3) low to moderate recharge (2 to 10
inches per year), and (4) high recharge (up to 20 inches per year). The Main
Base is located in an area of high recharge and the McCoy Annex is in an area of
low recharge (BOCC, 1991).

1.4.4 Potential Human Receptors NTC, Orlando is located within the Orlando
Standard Metropolitan Statistical Area (SMSA), which is composed of Orange,
Osceola, and Seminole Counties, and has been one of the fastest growing
population centers in Florida in recent years. From 1984 to 1990, the population
in the SMSA increased from 818,721 to 960,000 people. Orange County is the most
populated county in the SMSA (ABB-ES, 1992).

The following subsections describe the land use, population characteristics, and
potential human and ecological receptors that may be exposed to contamination at
the four distinct facilities that comprise NTC, Orlando (Main Base, McCoy Annex,
Herndon Annex, and Area "C"). Unless indicated otherwise, the information
contained in the following subsections was obtained from the NTC, Orlando Hazard
Ranking System II (HRS II) scoring document (ABB-ES, 1992).

1.4.4.1 NTC, Orlando Land Use The Main Base occupies approximately 1,095 acres
within the Orlande city limits and is comprised mainly of operational and
training facilities. These facilities are used for training new and recently
graduated recruits, as well as enlisted and officer persommel in the nuclear
engineering program. Land use at the Main Base 1is dominated by barracks,
training facilities, administrative buildings, drill fields, and recreational
areas. The population near the Main Base is transitional because of the influx
of military personnel for temporary (1l to 3 years) periods of time. There are
approximately 15,820 enlisted personnel onsite at the Main Base at any given
time, along with an average of 4 dependents, with approximately 50 children
attending the day care facility each day. There are two lakes within the Main
Base property (Lakes Baldwin and Susannah) and four lakes (Spier, Forest,
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Shannon, and Gear) located in the residential areas adjacent to the facility
(Figure 1-3) (ABB-ES, 1992).

The McCoy Annex occupies 877 acres and is located adjacent to Orlando Interna-
tional Airport, approximately 12 miles south of the Main Base and outside of the
Orlando city limits (Figure 1-4). There are two elementary schools located
within 1 mile west of the McCoy Amnex. Between 1974 and 1984, approximately
12,000 military and 2,600 civilian personnel were assigned to the McCoy Annex
(C.C. Johnson, 1985). At McCoy Annex, there are approximately 676 enlisted
personnel and 1,900 dependents. The goif course at the Annex is used by
approximately 2,500 to 3,000 people per month (ABR-ES, 1992).

Area "C" covers approximately 46 acres and is located approximately 1 mile west
of the Main Base. This region mainly serves as a supply center for the NTC,

Orlando installation.

Herndon Annex, a S54-acre parcel of property, is located approximately 1.5 miles
south of the Main Base, adjacent to the Herndon Public Airport. This developed
parcel of property is used to provide a variety of support services for the Navy,
including research, development, design, and logistics support.

1.4.4.2 Water Supply Both the Main Base and McCoy Annex facilities obtain their
potable water supplies from the Orlando Utilities Commission and Winter Park
Utilities. Potable water is supplied by numerous wells completed in the Floridan
aquifer system. The Orlando Utilities Commission operates one of these supply
wells at the southeast corner of the Main Base, obtaining water from a depth of
1,400 feet bls. There are 10 utility companies in Orange County providing
potable water to residents and businesses. There are 10 irrigation wells at the
Main Base and 3 at McCoy Annex. None of these wells are used for potable water
and each of them draws water from a depth of 500 feet bls, within the Avon Park
Limestone unit, which is the upper of the two producing zones of the Floridan
aquifer system.

A wellhead protection program is being established in Orange County through the
utility companies in cooperation with the South Florida and St. Johns River Water
Management District offices. An interim Wellhead Protection Plan is currently
being enforced by the Orange County Planning Department, but no wellhead
protection areas have been delineated.

Regional drainage is poorly developed but generally flows toward the south to the
canals and tributaries leading to the Kissimmee River. Surface water drainage
at the Main Base is directed to Lake Susannah and Lake Baldwin, which are used
for fishing and recreation. The most likely contaminant migration pathway to
these lakes is through small intermittent streams and the storm drainage system
at the facility. Water from each of these lakes eventually flows into the Little
Econlockhatchee River and then to the St. Johns River. Both of the lakes are a
source of fish and wildlife habitat, and may be habitats for endangered or
threatened species.

All surface waters in the vicinity of NTC, Orlando are classified by the State
of Florida as Class III waters suitable for fish and wildlife propagation and
water contact sports.
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1.4.4.3 Ecological Setting NTC, Orlando is within the Florida section of the
Atlantic Coastal Plain; the four areas at NTC, Orlando all share similar
ecological features (C.C. Johnson, 1985). Of the 2,072 acres of land at NTC,
Orlando, approximately 100 acres (5 percent of the total area at NTC, Orlando)
is undeveloped. Although not extensive, these undeveloped areas may provide
habitat for a variety of terrestrial and aquatic ecological receptors.

Terrestrial and Wetland Vegetative Cover. In addition to a variety of ornamental
plantings, three species of native flora are predominant at the Main Base: live
oak (Quercus virginiana), slash pine (Pinus elliottii), and cabbage palm (Sabal
palmetto). These native woody species are also found at Area "C", along with a
non-native tree, Australian pine (Casuarina equisetifolia). Virtually all
undeveloped land at Area "C" occurs in the areas bordering Lake Druid (Figure
1-3). The limited undeveloped areas at the McCoy Annex include uplands dominated
by slash pines and live oak, as well as wetland habitat dominated by bald cypress
(Taxodium distichum) (C.C. Johnson, 1985).

Aquatic Flora and Fauna. Lake Baldwin and Lake Susannah are both located
partially within the boundaries of NTC, Orlando. Lake Baldwin is approximately
196 acres in size. Several other smaller lakes are located adjacent to the
installation. Lakes Baldwin and Susannah are infested with an invasive weed,
Florida elodea (Hydrilla verticillata) (C.C. Johnson, 1985). Fish species
oceurring in the lakes at NTC, Orlando include bass (Micropterus salmoides),
bluegill (Lepomis macrochirus), redear sunfish (Lepomis microlophus), golden
shiner (Notemigonus crysoleuca), yellow bullheads (Ictalurus natalis), and
killifish (Fundulus spp.). According to the NTC, Orlando Master Plan Update
(SOUTHNAVFACENGCOM, 1985), grass carp (Ctenopharyngodon idella), an oriental
species, have been introduced into several of the larger lakes at NTC, Orlando
to control Florida elodea.

Fauna. Limited information is available regarding faunal ecological receptors
at NTC, Orlando. It is likely that the invertebrate biomass at the installa-
tion's few undeveloped sites serves as a forage base for fish and wildlife
species, including amphibians, reptiles, birds, and mammals.

Amphibians that may occur at NTC, Orlando include several species of mole
salamander (Ambystoma spp.) that spend at least part of the year in woodlands.
A number of other salamanders, frogs (including members of the genera Hyla, Rana,
and Pseudacris), and toads (Bufo spp.) may also occur at NTC, Orlando. Several
lizard species and various colubrid snakes may also occur in the pine forest
communities at the installation (Ashton and Ashton, 1988). Turtles and other
aquatic reptiles may occur in Lake Baldwin and some of the other lakes in the
vicinity of NTC, Orlando.

Small mammals that may occur at the site include the cottontail rabbit
(Sylvilagus floridanus), hispid cotton rat {Sigmodon hispidus), and cotton mouse
(Peromyscus gossypinus). Predatory mammals such as the red fox (Vulpes vulpes)
and gray fox (Urocyon cinereocargenteus) may feed on small mammals at NTC,
Orlando. In wetland regions at the installation, mammals such as the raccoon
(Procyon lotor) and beaver (Castor canadensis) may occur.

Birds of prey such as the black wvulture (Coragyps atratus), turkey wvulture
(Cathartes aura), red-tailed hawk (Buteo jamaicensis), and red-shouldered hawk
(B. lineatus) may search for prey items in the more open regions at NTC, Orlando,
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and granivorous birds such as the mourning dove (Zenaida macroura) are likely to
occur in the grassy cover type habitats at the facility. Other avifauna that may
occur at NTC, Orlando include the brown-headed cowbird (Molothrus ater), brown
thrasher (Toxostoma rufum), bobwhite quail (Colinus virginianus), mockingbird
(Mimus polyglottus), common grackle (Quiscalus quiscula), killdeer (Charadrius
voviferus), northern cardinal (Cardinalis cardinalis), blue jay (Cyanocitta
cristata), rufous-sided towhee (Pipilo erythrophthalmus), common flicker
(Colaptes auratus), and red-bellied woodpecker (Centurus carolinus). Birds that
may occur in wetland regions at NTC, Orlando include swamp sparrow (Melospiza
georgiana), Carolina wren (Thryothorus ludovicianus), northern cardinal, and
common yellowthroat (Geothlypis trichas), as well as waterfowl such as the
mallard duck (Anas plaryrhynchos).

Rare and Endangered Species. Limited information is currently available
regarding rare and endangered species at NTC, Orlando. Additional information
will be requested from State and Federal authorities and will be included in
revised versions of this POP. Based on information contained in the 1985 Master
Plan Update (SOUTHNAVFACENGCOM, 1985) and in the Initial Assessment Study (IAS)
(C.C. Johnson, 1985), the following rare and endangered species may currently
exist (or have historically occurred) at NTC, Orlando.

Status
Scientific Name Common Name

Federal State
Florida mouse Podomys floridanus C2 SsC
Southeastern kestrel  Falco s. sparverius C2 T
Short-tailed snake Stilosoma extenuatum C2 T
Eastern indigo snake  Drymarchon corais T T

couperi

Gopher tortoise Gopherus polyphemus C2 SsC
American alligator Alligator mississippiensis T(S/A) SSC

Notes: SSC = Species of Special Concern {Florida Game and Freshwater Fish Commission
[FGFWFC], 1991). '
T = threatened (FGFWFC, 1991).
C2 = Federal candidate species.
T(S/A) = threatened, rare to similarity of appearance.

1.5 SUMMARY OF PREVIOUS INVESTIGATIONS. The Defense Environmental Restoration
Program (DERP) requires the Department of Defense (DOD) to expeditiously
remediate envirommental contamination from hazardous substances due to past
practices. The Installation Restoration (IR) program, a subcomponent of DERP,
is designed to identify, investigate, and clean up contaminated sites in a manner
that is consistent with the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA). The IR program is conducted in multiple phases. To
date, the IR program has identified 10 potentially contaminated sites at NTC,
Orlando (Table 1-1). Investigation or remedial action has been implemented at
some of these sites. In addition to the IR program sites, other sites have
undergone contamination assessment and/or remedial action. Results of
investigations conducted under IR and non-IR programs formed the basis for future
SS/SI/RI activities to be conducted under BRAC through the IR program.
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Table 1-1

Summary of lnstallation Restoration Program Sites

Project Operations Plan for Site Investigations
and Remedial investigations
NTC, Ortande, Orlando, Florida

Sitt\?\l o. POl Name g::a"r):tig; Expected Waste Types git'a'::‘:;‘: Current Use
1 North Grinder 1958 to 1967  Film, photographic chem- 194,000 cubic Training opera-
Landfilt icals, paint thinner, yards of waste, tions, administra-
perchioroethene still bot- one-third of which tive functions,
toms, garbage from mess  was removed and housing.
halls, cardboard boxes, during dormitory
biological wastes (syring- construction.
es from hospital), paper,
plastic, tree limbs, and
construction materials.
2 Filled WWTP 1977 to 1978  WWTP sludge, tree limbs, Unknown None
Lagoons yard wastes, dirt, sand,
asphalt, demolished
building debris, and
stainless-steel mixing
tank.
3 McCoy Annex 1960 to 1978  Paint, paint thinner, >1,000,000 cubic Golf course
Landfill asbestos, transformers yards of waste
(possibly with transformer
oil containing PCBs),
hospitat wastes (syringes,
dressings, blood, and
urine), radioactive waste,
automabile batteries,
steel cable, airplane parts,
brick, fire hoses, para-
chutes, trees leaves, pa-
per, plastic, scrap wood,
scrap metal, sections of
pipe, and waste oil.
4 Disposal Area 1968 to 1969  Yard wastes (tree limbs Site was a pit 30 None
Near the Main and grass clippings). feet in diameter
Base Magazine and 8 or 9 feet
No. 123 deep.
5 Old Laundry ? to 1972 Asbestos containing ma- Unknown Demolished in
Boiler Building terials. 1979; building
was used to
house boilers for
the laboratory.
6 McCoy Annex 1984 to Used motor oil, anti- 1,000-4,000 gal- Drum and trans-
DRMO present freeze, hydraulic fluid lons estimated to former storage.

(containing PCBs), and
Soilax Liquid 'S’ Plus
Multipurpose Cleaner
(containing NaOH and 2-
butoxy ethanol).

have been spilled.

See notes at end of table.
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Table 1-1 (Continued)
Summary of Installation Restoration Program Sites
Project Operations Plan for Site Investigations
and Remedial Investigations
NTC, Orlando, Orlando, Florida
Sitl:?\lo. POI Name g;g:ﬁi:; Expected Waste Types Eit:::;ee: punent LJge
7 Barracks Burial 1968 Building debris Unknown Barracks were
Area demolished and
bulldozed into a
quarry at the
southwestern
end of McCoy
Annex.
8 Old Pesticide Early 1950's Chlordane, phenyl mercu- At least 300 gal- Grassy area on
Storage Area to 1972 ric compounds, baygon, lons were buried perimeter of golf
diazinon, anticoaguiant, when the building  course (building
malathion, pyrethrum, was demolished; was demolished
diron, 2,4-D, monuron, ~62,000 gallons in 1981).
dieldrin, paraquat, and ~46,000
kepone, endothail, naled, pounds of pesti-
mineral oils, arsenic, cides were used
dchlorvos, hydrothol, and per year (based
dimethoate. on 1970 data).
9 Lake Baldwin Early 1950's Drainage from building Unknown Recreational
to 1978 2088 of film, photograph- fishing, boating,
ic developers, fixers, and and swimming
activators. by Navy person-
nel and the
public.
10 McCoy Annex Unknown iron, manganese, sulfate, Unknown Demolished
wwTtp _ Ditrate, arsenic, and zinc
Source:  Hazard Ranking System I (ABB-ES, 1992) and Initial Assessment Study (IAS) (C.C. Johnson, 1985).
Notes: WWTP = wastewater treatment plant.
PCBs = polychiorinated biphenyis.
DRMO = Defense Reutilization and Marketing Office.
NaOH = sodium hydroxide.
2,4-D = 2,4-Dichlorophenoxyacetic acid.
POl = points of interest.
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1.5.1 Installation Restoration Sites The first phase of the IR program at NTC,
Orlando was the IAS conducted in 1985 (C.C Johnson, 1985). This program included
an archival search and site walkovers at all four parcels of NTC, Orlando. Nine
potentially contaminated sites were identified. The IR program sites are all
located on one of three parcels: Main Base, McCoy Annex, or Area "C". The sites
included two trench and fill landfills (Sites 1 and 3), a wastewater treatment
sludge lagoon (Site 2), a yard waste disposal area (Site 4), a boiler room with
extensive asbestos-containing material (Site 5), the former Defense Property
Disposal Office (DPDO) (now the DRMO, Site 6), a demolition debris landfill (Site
7), a pesticide storage building (Site 8), and Lake Baldwin (Site 9). A site
verification study was recommended for Sites 1, 3, 6, 8, and 9. The verification
study was perfermed in 1986 and an additional IR program site (Site 10, a
wastewater treatment plant at McCoy Annex) was identified (Geraghty & Miller,
1986) .

The verification study suggested that the contamination at Lake Baldwin (Site 9)
did not represent a significant risk to human health or the environment, although
a risk assessment was not performed (Geraghty & Miller, 1986). The study also
determined that the spillage noted in the IAS at the former DPDO at McCoy Annex
(Site 6) had not contaminated the soil. The former landfill at the Main Base
(Site 1), the former landfill at McCoy Annex (Site 3), the pesticide storage
building (Site 8), and the wastewater treatment plant at McCoy Annex (Site 10)
were recommended for additional investigation. A brief workplan for the RI of
these four IR program sites was prepared in 1987; however, the workplan has not
been implemented (ABB-ES, 1994b).

1.5.2 Non-Installation Restoration Program Sites Non-IR program sites that have
involved remedial actions include the dry cleaning facility and DRMO, both
located in Area "C"; and the Rusk Memorial Chapel (Building 250) at the Main
Base.

Both the DRMO and the dry cleaning facility had perchloroethylene (PCE) spills
in 198%. 1In each case, the soils containing greater than 1 part per million
(ppm) PCE were excavated. Contaminated soil from the DRMO spill was disposed at
a hazardous waste disposal facility by DRMO. Contaminated soil at the dry
cleaning facility was disposed at a hazardous waste landfill by the consultant
responsible for the spill. Prior to May 1989, a spill of PCB-contaminated oil
from an electrical transformer occurred in the uncovered (outdoor) mechanical
room of Rusk Memorial Chapel. Contaminated soil was excavated, containerized,
and removed by DRMO. Laboratory analyses detected approximately 68 ppm PCBs in
the remaining soil. No regulatory concurrence of cleanup has been obtained (ABB-
ES, 1994b).

Three other non-IR program sites inveolved petroleum spillage or leakage from
underground storage tanks (USTs). A detailed discussion of these sites can be
found in the BRAC Cleanup Plan (ABB-ES, 1994b).

1.5.3 Installation-Wide Source Discovervy and Assessment Status There have been
two installation-wide environmental assessments conducted after the IAS. The
first survey, performed as part of the general permit application process for a
National Pollution Discharge Elimination System (NPDES) stormwater discharge
permit, was conducted by Post, Buckley, Schuh, & Jernigan, Inc. (PBS&J), in 1993
to identify potential 1illicit (i.e., non-stormwater) discharges from the
stormwater discharge system at the facility. The second survey is the EBS, part
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of the bottom-up program review for all BRAC installations (ABB-ES, 1994a). The
field component of the EBS, which involved the inspection of more than 600
buildings, is complete. These results were used to identify points of interest
(POIs), defined as base properties that are potentially contaminated and may
require further investigation prior to transfer. Investigation and pctential
remedial actions at these POIs will be conducted in accordance wirh this
document.

PBS&J investigated stormwater outfalls at all four parcels that comprise the
installation. For the purpose of the EBS, the sources of illicit discharges to
the outfalls were considered to be POIs that may require further investigation.
The POIs that were identified from a review of the PBS&J report include the Fire
Training Facility (Building 200), the Automotive Hobby Shop, the Pest Control
Facility, and the Bulk Fuel Storage Area on the Main Base. At McCoy Annex, the
Motor Pool and the fuel storage area of the Construction Battalion are suspected
of discharging petroleum products to discharge ditches and swales (ABB-ES, 1994b)

Approximately 85 properties have been identified by the EBS as areas where
potential environmental concerns are present. Properties surveyed in the EBS
that are POIs have been assigned to a category based on the following DOD
guidance for EBS:

. Category 7 (Grey), properties requiring further investigation,
excluding those sites that have been assigned this category only
because of the presence of an UST or an aboveground storage tank (AST);

. Category 6 (Red), properties where a release of hazardous substances
has occurred excluding those sites that have been assigned this
~category only because of the presence of damaged friable asbestos; and

. Category 5 (Yellow), properties where storage, release, disposal,
and/or migration has occurred, and action is underway, but not final.

The majority of the sites identified by the EBS as requiring additional
investigation are those that have been assigned a grey classification (74). Some
properties identified in the EBS are IR program sites where no restoration has
occurred (e.g., Site 1, the North Grinder Landfill). Ten properties have been
tentatively assigned a classification of red (release of a hazardous substance
has occurred and no remedial action has been taken) (ABB-ES, 1994b). All sites
identified as requiring additional investigation will be evaluated through the
SS/SI/RI process.
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2.0 PROJECT ORGANIZATIONb AND RESPONSIBILITIES

This portion of the POP addresses project organization, and specifically outlines
QC coordination and responsibilities. Those individuals assigned to a project
or task (i.e., the project team) are responsible for conducting project work by
using the resources assigned by the project management organization. In this
way, resources are available to each task, but responsibility for initiating
services and for ensuring acceptable results remains within the project
organization. This responsibility carries with it the authority to initiate,
modify, and, if necessary, stop activities as appropriate for the assurance of
project quality. It is the QA Manager’'s (QAM) role to assist the Task Order
Manager (TOM) in meeting project goals while providing an independent evaluation
of product quality to the TOM.

2.1 PROJECT STAFFING AND RESPONSIBILITIES.

2.1.1 BASE REALIGNMENT AND CLOSURE (BRAGC) ENVIRONMENTAL COORDINATOR. The BRAC
Environmental Coordinator (BEC) for NTC, Orlando is Mr. Wayne Hansel. Mr. Hansel
is the Navy representative on the BRAC Cleanup Team (BCT) and the primary project
contact. He is responsible for the execution of all environmental cleanup
programs related to the transfer of NTIC, Orlando’s real property. This
responsibility includes acting as the liaison and coordinator with appropriate
NTC, Orlando and SOUTHNAVFACENGCOM personnel, and negotiating appropriate cleanup
and abatement actions with USEPA and FDEP BCT members.

2.1.2 Southern Division, Naval Facilities Engineering Command (SOUTHNAVFACENG-
COM) Engineer-in-Charge (EYC) The SOUTHNAVFACENGCOM EIC, Ms. Barbara Nwokike,
is responsible for the technical and financial management of the IR program
activities at NTC, Orlando. She prepares the project statement of work; manages
the project scope, schedule, and budget; and provides technical review and
approval of all deliverables. Ms. Nwokike will be responsible for approving
changes in the IR program scope of work.

2.1.3 Consultant Task Order Manager (TOM) The consultant TOM for BRAC
activities at NTC, Orlando is Mr. Jim Manning. Mr. Manning is responsible for
evaluating the appropriateness and adequacy of the technical and engineering
services provided. He is responsible for financial and schedule management and
for ensuring that the project fulfills and remains within the contracted scope
of work. Mr. Manning will be responsible for identifying necessary changes in
the scope of work. Mr. Manning is also responsible for the daily conduct of
work, including integration of input from supporting disciplines and subcontrac-
tors and will serve as the primary project contact.

2.1.4 Project Review Committee Mr. Ken Busen, P.G., will serve as chairman of
the review committee. The function of this group of senior technical and
management personnel is to provide guidance and oversight on the technical
aspects of the project. This is accomplished through periodic reviews of the
services provided to ensure they: represent the accumulated experience of the
firm, are being produced in accordance with corporate policy, and live up to the
objectives of the program as established by ABB-ES and the client.
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2.1.5 Quality Assurance Manager (QAM) The TOM is supported by a QAM. The QAM,
Mr. Thomas Campbell, will oversee the implementation of appropriate NEESA, USEPA,
and FDEP protocols. The QAM will also work with the TOM to establish QA
procedures.

2.1.6 Health and Safety Manager The Health and Safety Manager, Ms. Cynthia
Sundquist, is responsible for project team compliance with corporate health and
safety requirements and the NTC, Orlando project HASP. Conformance with safety
protocols will be assessed through periodic site visits and daily supervision by
the site leaders.
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3.0 QUALITY ASSURANCE OBJECTIVES

Data quality objectives (DQOs) have been developed for the NTC, Orlando project
to ensure that analytical data collected during the field investigations will be
of sufficient quality to support the data’s intended use. Specific objectives
will be addressed in the applicable task-specific workplans. Task-specific
questions such as how the data will be used and how much data are required will
be considered when developing DQOs.

3.1 GENERALIZED SCOPE OF WORK. The SS, SI, and RI field efforts will involve
several activities relative to the acquisition of physical and chemical data.
Each investigation will involve a task-based approach that will allow the
decision-making process to modify future investigative and remedial tasks. The
DQOs for soil, groundwater, surface water, and sediment sample collection and
analysis performed in the field will be applicable to the confirmation of the
presence or absence of contamination and the nature and extent of any contamina-
tion encountered in those media. TerraProbe™ sampling and field GC, infrared,
and immunoassay analyses will, in some instances, be the initial chemical data
gathering task. Field analysis will not be used alone to evaluate a study area.
The results of these field analyses will be used to confirm or modify the
proposed sample locations from which samples will be collected for laboratory
analysis.

3.2 DATA QUALITY OBJECTIVES. DQOs are qualitative or quantitative statements
developed by the data user to specify the quality of data needed from a
particular data activity to support specific decisions. The DQOs are the
starting point in the design of the investigation. The DQO development process
matches sampling and analytical capabilities to the data targeted for specific
uses and ensures that the quality of the data does not underestimate project
requirements. The USEPA has identified five general levels of analytical data
quality as being potentially applicable to field investigations conducted at
potential hazardous waste sites under the CERCLA. These levels are summarized
as follows.

(1) Level I, Field Screening. This level is characterized by the use of
portable instruments that can provide real time data to assist in the
optimization of sampling point locations and for health and safety
support. Qualitative data can be generated regarding the presence or
absence of certain contaminants (especially volatiles) at sampling
locations.

Level I sampling requirements include the use of equipment and sampling
containers that are clean (soap and tap water), visibly free of contami-
nation, and free of analytes detectable by the screening method employed
(USEPA, 1991c).

(2)"  Level II, Field Analysis. This level is characterized by the use of
" 'portable analytical instruments that can be used onsite or in mobile
laboratories stationed near a site. Depending on the types of contami-
‘nants, sample matrix, and personnel skills, qualitative and quantitative

data can be obtained.
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(3)

(4)

(5}
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Level II sampling and equipment requirements include the use of sampling
equipment constructed of material that is compatible with the parameters
being analyzed (e.g., polyvinyl chloride [PVC] for inorganic parameter
analyses, or chrome-plated material for organic parameter analyses) and
field cleaning procedures that include a potable water and soap scrub
followed by a potable water rinse (or steam cleaning or high pressure
washing) (USEPA, 1991lc).

Level TII, Laboratory analysis. This level is characterized by the use
of methods other than the CLP Routine Analytical Services (CLP-RAS).
This level is used primarily in support of engineering studies using
standard USEPA-approved procedures. Some procedures may be equivalent to
the USEPA CLP-RAS, without the CLP requirements for documentation.

Level III field methods, decontamination procedures, and sampling
equipment construction materials are as specified in the USEPA ECBSOPQAM
(USEPA, 1991c). Cleaning of down-hole drilling or excavation equipment
must be performed as with Level IV requirements with the exclusion of the
deionized water rinse, the double rinse with pesticide grade isopropanol,
and the rinse with organic-free water. All other cleaning and decontami-
nation guidance must be followed.

When wells are constructed using materials that are not inert with
respect to the contaminants being analyzed, data collected from those
wells are DQO Level III or lower for those incompatible analytes, even if
DQO Level IV analytical procedures are used.

Level III QA/QC sampling blank requirements include:

. a minimum of one equipment rinsate blank per week for each week
sampling equipment is field cleaned;

. if samples are preserved, a preservative blank must be collected
and analyzed at the beginning and end of the study; and

. a blank of the rinse water must be collected and analyzed prior to
beginning the study and at the end of each week that sampling
equipment is field cleaned.

A minimum of 5 percent of samples collected for DQO Level III analysis
will be split for DQO Level IV analysis. These samples must be represen-
tative of all samples submitted for Level III analysis (USEPA, 1991c).

Level IV, Laboratory Analysis CLP-RAS. This level is characterized by
all requirements for Level III, plus more rigorous QA/QC protocols and
documentation, and provide qualitative and quantitative analytical data
(USEPA, 1991c).

Level V, Non-standard methods. This level includes analyses that may

require modification and/or development. CLP Special Analytical Services
(SAS) are considered Level V (USEPA, 1991c).
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NEESA has adopted three of these levels, C, D, and E, as QA requirements, that
correspond with USEPA Levels III, IV, and V (NEESA, 1988). For the purposes of
this document, the USEPA nomenclature (Levels I through V) will be used.

3.2.1 Task Specific DQOs Tasks for the S$S/SI/RI at NTC, Orlando will involve
data collection with DQOs expected to range from Level I through Level IV. The
following discusses the typical SS/SI/RI tasks for NTC, Orlando and the
associated DQO level. The tasks performed for each POI will be specified in the
task-specific workplans.

. Air Quality Monitoring, Level I: Readings from an organic vapor
analyzer (OVA) or photoionization detector (PID) and MSA Model 260
02/Explosimeter will constitute Level I field analytical data.

. Geophysical Survey, Level I: Terrain conductivity (TC), magnetometer,
or ground-penetrating radar (GPR) surveys will be used to define
potential or suspected contaminant plumes. Data generated as a result
of the surveys will indicate the presence or absence of metallic
objects and the relative subsurface conductivity. Data requirements
are primarily qualitative.

. Soil Sample Screening, Level I: TerraProbe™ soil samples and split-
spoon samples from discrete depths in soil borings will be screened in
the field with an OVA or flame ionization detector (FID) and a PID
providing Level I data concerning the presence or absence of volatile
compounds. A field GC may be used to augment field screening methods.

. Field Parameter Analysis, Level II: More sophisticated instrumentation
(such as the HNu Model 311 GC and the Mach Portable Infrared Spectrome-
ter) used for onsite analysis of wvolatiles and total petroleum
hydrocarbons will generate Level II analytical data. These data are
supported by more extensive logbook documentation, calibration, and
quality control. Immunoassay test kits may also be used for Lewvel II
analytical data. These analyses will be performed in accordance with
the manufacturers’ and USEPA recommendations for quality control.

. Passive Soil Gas Survey, Level II: Passive soil gas samples will be
analyzed at an offsite laboratory. The data conform to Level II DQOs
and are used to provide a preliminary survey of the presence and
distribution of shallow VOC contamination.

. Soil Headspace and Active Gas Screening, Level II: Soil gas will be
collected from TerraProbe™ soil borings (onsite) using headspace and
active gas methods. The resulting data will conform to Level II DQOs.

. Grain-Size Distribution Analysis, Level II: Subsurface soil samples
will be collected for grain-size distribution analysis. These data
will conform to Level II DQOs. -

+  Total Organic Carbon Analysis, Level III: Soil and sediment samples
. will be collected for TOC analysis. These samples will be collected
/'Uégéyagalyzed to conform to Level III DQOs. ’
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. Soil, Sediment, Surface Water, and Groundwater Analysis, Level III:
Environmental samples obtained during site screening investigations
will be collected and analyzed to conform to Level IIT DQOs. These
data will be used to further characterize the presence and extent of
contamination at each POI.

. Characterization and Confirmatory Sampling, Level IV: Groundwater and
soil samples collected from monitoring wells and split-spoon soil
samples will be collected and analyzed in accordance with Level IV DQOs
for confirmatory investigations. Surface water and sediment samples
collected during RI-stage field programs will be collected and analyzed
to conform to Level IV DQOs.

. Treatability Studies, Level III: Samples collected to evaluate the
effectiveness and feasibility of selected remedial alternatives will be
analyzed to conform to Level TII DQOs.

. Remedial Monitoring and Confirmatory Sampling, Level 1IV: Samples
collected to monitor or confirm the input and output of treatment
methods and samples collected to confirm the effectiveness of remedial
actions will be analyzed to conform to Level IV DQOs.

Risk Assessment, Levels II, III, and IV: Levels II, III, and IV data may be used
in preliminary risk screening evaluations. For more quantitative risk
assessments, Level III and Level IV data are preferred.

The sampling approaches presented in Chapter 4.0 of this POP and the laboratory
analytical procedures described in Chapter 7.0 have been selected to meet the
applicable DQOs.

3.3 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) APPROACH. The approach to
providing reliable data that meet the DQOs will include QA/QC requirements for
each of the analytical data types generated during the field investigation. The
details of field measurement QA/QC are included in Chapter 4.0 of this POP where
sample collection techniques are presented. The QA/QC efforts for laboratory
analyses will include collection and submittal of QC samples and the assessment
and validation of data from the subcontract laboratories.

DQOs are based on the premise that different data uses require different levels
of data quality. Data quality refers to a degree of uncertainty with respect to
precision, accuracy, representativeness, completeness, and comparability (PARCC).

Parameters used within the data validation process to evaluate data quality
include determination of PARCC. The achievable limits for these parameters vary
with the DQO level of the data. The limits used for laboratory analytical data
in this program will be those set by the CLP for Level IV DQOs and as specified
in the USEPA methods for Level III DQOs. These parameters are defined here and
methods of calculation are shown.

Precisjon. Precision is defined as the agreement among individual measurements
of the same chemical constituent in a sample, obtained under similar conditions.

NTC_Orl.POP
MVL07.94 3-4




Chapter No.__3 _, Revision No.__0
Date July 13, 1994, Page 5 of 6.

@

Field precision will be expressed as relative percent difference (RPD) of field
duplicates using the formula: '

. lx1-x2 | | 1
RPD= 225 X100 (1
where
RPD = relative percent difference between duplicate results,
X1 and X2 = results of duplicate analyses, and
|X1 - X2| = absolute difference between duplicates Xl and X2.

Field duplicates take into account the level of error introduced by field
sampling techniques, field conditions, and analytical variability. The RPD of
field duplicates will be calculated during the data wvalidation process to
evaluate the sample precision.

Accuracy. Accuracy is defined as the degree to which the analytical measurement
reflects the true concentration level present. Accuracy will be measured as
percent recovery for matrix spikes as the primary criteria and for surrogate
spikes as a secondary criteria.

A matrix spike is a sample (of a particular matrix) to which predetermined
quantities of standard solutions of certain target analytes are added prior to
sample extraction, digestion, and analysis. Samples are split into replicates,
one replicate is spiked and both aliquots are analyzed.

Accuracy can also be evaluated using the recovery of surrogate spikes in the
organic analyses. These spikes consist of organic compounds that are similar to
the analytes of interest in chemical composition, extraction, and chromatography,
but that are not normally found in environmental samples. These compounds are
spiked into all blanks, standards, and samples prior to amnalysis,

Percent recoveries of the surrogate, blank spike, and matrix spikes will be
reported by the laboratory for all analytes associated with the samples.
Variations from 100 percent recovery may be due to matrix interferences,
laboratory spike handling procedures, or sample heterogeneities between
replicates. The percent recovery of the spikes can be calculated from the
following equation:

Percent recovery = (-}%‘2) x 100 (2)

where

= measured amount in sample after spiking,
background amount in sample, and

amount of spike added.

X
B
T

Accuracy is difficult to evaluate for the entire data collection activity,
especially the sampling component. Field and trip blanks will be used in
addition to the matrix and surrogate spiked samples to evaluate data accuracy in
the investigations.

Representativeness. Representativeness is defined as the degree to which the
data accurately and precisely represents the true environmental condition
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existing at each POIL. Representativeness is accomplished through proper
selection of sampling locations and sampling techniques and collection of a
sufficient number of samples.

The sampling locations in this SS/SI/RI will be chosen in a biased approach based
on previous analytical data, screening data collected in the field, and apparent
and measured flow directions.

Representativeness of samples will be achieved to the greatest degree possible
by adhering to the applicable task-specific workplan and the sampling procedures
described in Chapter 4.0.

Completeness. Completeness is a measure of the amount of valid data obtained
compared to the amount of data originally specified in the workplan. Complete-
ness will be evaluated by carefully comparing project objectives with the
proposed data acquisition and resulting potential shortfalls in needed
information. The completeness goal for DQO Level III and IV has been chosen as
80 percent, which is consistent with the CLP requirement of 80 to 85 percent.

Field activities performed at DQO Levels I and II are onsite measurement
techniques that provide information in real-time or after minimal delay. The
completeness achieved for these methods may be more variable than those for
standard analytical methods. A higher degree of completeness may be achieved
because measurements can be readily repeated. However, site conditions may
constrain the use of some techniques, resulting in fewer valid analyses than
anticipated.

Comparability. Comparability expresses the confidence with which one set of data
can be compared with another. Quantitatively, comparability can be assessed in
terms of the precision and accuracy of two sets of data. Qualitatively, data
subjected to strict QA/QC procedures will be deemed more reliable than data
obtained without the use of these procedures. To maintain comparability, proper
sampling methods, COC protocols, CLP analytical methods, and strict QA/QC
procedures will provide the basis for uniformity in all data collection and
analysis activities.
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MVL07.94 3-6




Chapter No.__4_, RevisionNo. 0
Date July 13, 1994, Page 1 of 70

4.0 FIELD PROGRAM PROCEDURES AND REQUIREMENTS

4.1 FIELD SAMPLE NUMBERING. Samples, other than those collected for in situ
measurements or analyses, will be identified by using a sample label attached to
a sample container. Each sample label will be numbered to correspond with.the
appropriate sample(s) to be collected.

Samples collected for laboratory analysis during the field investigation will be
labeled in accordance with the standard sample identification (ID) protocol
described below. Specific sample numbering schemes will be included in workplans
for individual tasks. :

The standard sample identifier consists of four fields, each containing a code.
These fields, including their length in characters, are:

1. site identifier, 2 characters (alphanumeric, characters 1 and 2);
2. sample type, 1 character (alphabetic only, character 3);

3. sample location number, 3 characters (numeric only, characters &
through 6); and

4. sequence or qualifier indicator, 2 characters (alphanumeric, characters
7 and 8).

A data dictionary for these fields follows.

1. Site identifier: an identifier for the largest area of interest within a

base; for instance, a POI number, a building number, or a study area
number.
2. Type of sample being taken, including information about media, matrix, and

field quality control samples. Categories and codings include:

H = groundwater, filtered I = test pit
G = groundwater, unfiltered F = field blank
X = surface water, filtered T = trip blank
W = surface water, unfiltered R = rinse blank
S = surface soil C = blind sample
B = so0il boring N = animal tissue
D = sediment L = sludge
A = air U = toxicological
Q = TerraProbe, water J = potable water source
P = TerraProbe, soil/sediment K = tap water source blank
M = microbiological V = soil wvapor .
Y = organic-free water source blank Z = other
E = plant tissue
3. Sample location number within the site and matrix. This number would be

unique within a site and matrix, i.e., the first surface water sample taken
would be 001, the fifth groundwater sample would be 005, and the first soil
boring would be 001. The last available sample location number is 999.
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4. Sequence or qualifier indicator: a project specific (but consistent within
a project) indicator. The intended use is a sequential indicator of
relative depth (or height) of a sample, relative to other samples of the
same type at the same sample location, if appropriate. With this use, the
sample closest to the land or water surface will be coded as 01; the sample
that is ninth closest to the land or water surface will be coded as 09.
Using this convention, if depth or height of sample has no meaning (plant
tissue, for example), the sample may be coded as 00 (zero, zero).

Project specific coding in this field is acceptable. Any such project-
specific coding must be documented in permanent records.

Duplicates, matrix spikes, and matrix spike duplicates will be indicated by
appending a "D," "MS," or "MSD" (respectively) to the end of this basic
sample identifier. :

4.2 PREPARATION OF SAMPLE GCONTAINERS. For the majority of sampling episodes,
ABB-ES will obtain sample containers from a subcontract laboratory with an FDEP-
approved Comprehensive Quality Assurance Plan (CompQAP). However, there may be
instances when sample containers will be obtained in a pre-cleaned condition from
a commercial source. The origin of sample containers for each project will be
noted in the project field log. The consultant may obtain sample containers from
suppliers that provide USEPA certification. Records of pre-cleaned bottles and
the certification paperwork for each bottle lot will be maintained by the
consultant’s equipment manager.

In general, sample container selection will be based on the following standards
for water:

. Teflon™ septum-sealed glass vials for volatile compounds,

- amber glass bottles with Teflon®-lined lids for organic constituents
other than wvolatiles, and

. polyethylene bottles for inorganic analytes.

For soil and sediment samples, wide-mouth glass bottles will be used. All sample
bottles will be prepared in accordance with the procedures specified in the
Florida and Comprehensive Long-term Environmental Action, Navy (CLEAN) Operations
CompQAP (ABB-ES, 1993).

A summary of specific containers and representative sample volumes is provided,
by parameter, in Table 4-1 along with preservation and holding time requirements.

4.3 DECONTAMINATION. The following methods of decontamination will be
implemented to prevent cross contamination between sampling points and
exploration locations. All sampling, drilling, and excavation equipment will be
decontaminated before arriving and prior to leaving the base, and between each
exploration location.
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Table 4-1
Sample Container and Preservation Requirements
Project Operations Plan for Site investigations
and Remedial Investigations
NTC, Ortando, Orlando, Florida
) Holding Time (from . . Minimum
Parameter Matrix time of collection) Container Presewatwg Sample Size'
Volatile organic aromatics  Water 14 days Two 40 mi vials 4 drops concen- 40 mi
: with Teflon™-lined trated HCI, 4 °C
caps
Soil 14 days Glass with Teflon™- 4 °C 10g
lined septum
Volatile arganic Water 14 days Two 40 ml vials 4 drops concen- 40 mil
halogenated with Teflon™-lined trated HCl, 4 °C
compounds 4 °C caps
Soil 14 days Glass with Teflon™- 4 °C 10g
lined septum
Extractable organics Water 7 days extraction 1 & amber glass 4°C 1,000 ml
40 days analysis with Teflon™ liner
Soil 14 days extraction Amber glass jar 4°C 50g
40 days analysis with Teflon™ liner
or core tube
Acrolein 40 days analysis ~ Water 14 days Glass with Teflon™-  0.008% Na,S,0, 40 mi
lined septum adjust pH to 4 to
5,4 °C
Soil 14 days Glass with Teflon™- 4 °C enough to fill
lined septum 2-40 ml vials
Organophosphorus Water 7 days extraction 1 £ borosilicate Adjust pH to 6.0 1,000 ml
pesticides 40 days analysis glass to 8.0 with H,80,
or 10 N NaOH, 4
°C
Soil 7 days extraction 1 £ borosilicate 4 °C 100 g
30 days analysis glass
Chlorinated Water 7 days extraction 1 2 borosilicate 4°C 1,000 mi
herbicides 30 days analysis glass
Soil 7 days extraction 1 £ borosilicate 4 °C 100 g
30 days analysis glass
Organochlorine Water 7 days extraction 1 2 borosilicate 4 °C 1,000 ml
pesticides and PCB 30 days analysis glass
Soil 7 days extraction 1 2 borosilicate Adjust pH to 6.0- 100 g
30 days analysis glass 8.0 with 1:1
H,$0, or NaOH,
4 °C
Metals (other than chro- Water 180 days Polyethylene or HNO; to pH <2? 100 mi
mium VI and mercury) glass
Soil 180 days Polyethylene or 4°C 109
glass
See notes at end of table.
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Table 4-1 (Continued)
Sample Container and Preservation Requirements

Project Operations Plan for Site investigations

and Remedial Investigations
NTC, Orlando, Orlando, Florida

VSS, TDS)

glass bottle

. Holding Time (from . . Minimum
Parameter Matrix time of collection) Container Preservative Sample Size’
Chromium Vi Water 24 hours Polyethylene or 4 °C 100 mi
glass
Soil 24 hours Polyethyiene or 4°C 10g
glass _
Mercury Water 28 days Polyethylene or HNO, to pH <2? 100 ml
glass
Soil 28 days Polyethylene or 4 °C 10g
glass
Cyanide Water 14 days Polyethylene or 0.6 g ascorbic 100 mi
giass acid, NaOH to
pH > 12,4 °C
Soil 14 days Polyethylene or 4 °C 10g
glass
Dioxins/furans Water 7 days extraction Glass 4°C 1,000 mi
40 days analysis
Soil/waste 14 days extraction Core tube 4°C 50 g
40 days analysis
Petroleum hydrocarbons Water 14 days Two 40 ml vials 4 °C, HCl to pH 40 mi
as gasoline with Teflon™ liners <2
Soil/waste 14 days Core tube 4 °C 50g
Petroleum Water 14 days extraction Glass 4°C 500 mi
hydrocarbons as diesel 40 days analytical
Soil/waste 14 days extraction Core tube 4 °C S0 g
40 days analytical
Total Petroleum Water 28 days Glass 4 °C, HCI to pH 1,000 mi
hydrocarbons (TPH) <2
Soil 28 days Glass jar with Tef- 4 °C §0g
lon™ liner or core
tube
Oil and grease Water 28 days Glass bottle Adjust pH to 1,000 mi
<2.0 with H,S0,,
4 °C
Soil 28 days Giass jar with Tef- 4 °C S0g
fon™ liner
Residue, settable Water 48 hours Polyethylene or 4 °C 1,000 mi
glass bottle
Residue, all others (TSS, Water 7 days Polyethylene or 4 °C 500 ml

See notes at end of table.
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7~ Table 4-1 (Continued)
- Sample Container and Preservation Requirements
Project Operations Plan for Site Investigations
and Remedial Investigations
NTC, Ortando, Orlando, Florida
. Holding Time {from . . Minimum
Parameter Matrix time of collection) Container Preservative Sample Size'
Biochemical oxygen Water 48 hours Polyethylene or 4 °C 1,000 mi
demand glass bottle
Chemical oxygen Water 28 days Polyethylene or Adjust pH to 1,000 mi
demand glass bottle <2.0 with H,S0O,,
4°C
Metals (ICP) Water 6 months Polyethylene HNO, to pH <2 100 il
Soil 6 months Core tube or glass 4 °C 10g
jar
Arsenic (GFAA) Water & months Polyethylene HNO,topH <2 100 mi
Soil/waste 6 months Core tube or glass 4 °C 109
jar
Mercury (CVAA) Water 28 days Polyethylene HNO, to pH <2 100 mt
Soil/waste 28 days Core tube or glass 4 °C 109
. jar
Selenium (GFAA) Water 6 months Polyethylene HNO,; to pH <2 100 ml
f. % Soil/waste 6 months Core tube or glass 4 °C 10g
' jar
Thallium (GFAA) Water 6 months Polyethylene HNQ, to pH <2 1001
Soil/waste 6 months Core tube or glass 4 °C 10g
jar
Lead (GFAA) Water 6 months Polyethylene HNQ,; to pH <2 100 mi
Soil/waste 6 months Core tube or glass 4 °C 10¢g
jar
Chromium (VI) Water 24 hours Polyethyiene 4 °C 100 mi
Soil/waste 24 hours Core tube or glass 4 °C i0g
jar
Cyanide Water 14 days Poiyethylene or 0.6 g ascorbic 100 m!
glass acid, NaOH to
pH =12, 4 °C
Soil/waste 14 days Polyethylene or 4 °C 10¢g
glass bottle
Coliform, fecal and total Water "~ 6 hours Polyethylene or 0.08% Na,S,0, 500 mi
glass bottle 4 °C
Fecal streptococci Water 6 hours Polyethylene or 0.08% Na,S,0; 500 mi
glass bottle 4 °C
See notes at end of table.
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Table 4-1 (Continued)
Sample Container and Preservation Requirements

Project Operations Plan for Site Investigations

and Remedial Investigations
NTC, Orando, Orlando, Florida

. Holding Time (from . . Minimum
Parameter Matrix time of collection) Container Preservative Sample Size'
Nitrogen, organic and Water 28 days Polyethylene or Adjust pH to 500 mi
Kjeldahi glass bottle <2.0 with H,S0,,
4°C
Nitrate Water 48 hours Polyethylene or 4 °C 125 mil
glass bottle
Nitrate + nitrite Water 28 days Polyethylene or Adjust pH to 125 ml
glass bottle <2.0 with H,S0O,
Phosphorus, total Water 28 days Polyethylene or Adjust pH to 1256 mi
glass bottle <2.0 with H,SO,
Sulfate Water 28 days Polyethylene or 4 °C 125 mi
glass bottle
Sulfide Water 7 days Polyethylene or Adjust pH to 500 mi
glass bottle >9.0 with zinc
acetate plus
NaOH, 4 °C
Surfactants Water 48 hours Polyethylene or 4¢C 1,000 ml
glass bottle
Radiological tests: alpha, Water 6 months Polyethylene or Adjust pH to
beta, radium glass bottle <2.0*
Total organic Soit 28 days Polyethylene or Adjust pH to 10g
carbon glass bottle <20
4°C
Total organic Water 28 days Glass with Teflon™-  Adjust pH to 40 mi
halogens lined cap <2.0
4 °C

Notes: mil = milliliter.

g = gram.
£ = liter.

HNO; = nitric acid.

HC! = hydrochloric acid.
°C = degrees Celsius

! Additional sampie must be collected for matrix spike or matrix spike duplicate samples.
2 Must be preserved in the field at time of collection.

Na,S,0; = sodium thiosulfate.

NaOH = sodium hydroxide.

H,SQ, = sulfuric acid.

TSS = total suspended solids.

VSS = visible suspended solids.

TDS = total dissolved solids.
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To assure that analytical results reflect the actual concentrations present at
sampling locations, chemical sampling and field analytical equipment must be
properly decontaminated prior to the field effort, during the sampling program
(i.e., between sampling points), and at the conclusion of the sampling program.

This section addresses the decontamination procedures for chemical sampling and
field analytical equipment as well as for drilling equipment. These cleaning
procedures are based on USEPA Region IV Standard Operating Procedures (SOPs)
(USEPA, 1991c). To clarify the decontamination procedures, the following
definitions have been used.

Detergent will be a standard brand of phosphate-free laboratory detergent such
as Alconox 41™ or Liquinox™.

Acid solution will be made from reagent-grade nitric acid and deionized water.

Iap or potable water will be treated water from any municipal water supply
system.

Deionized water will be tap water that has been treated by passing through a
standard deionizing resin column to remove cations and anions.

Organic-free water will be tap water that has been treated with activated carbon

and deionizing units. It should contain no detectable pesticides, herbicides,
extractable organic compounds, and less than 5 micrograms per liter (pg/4) of
purgeable organic compounds as measured by a low level gas chromatograph/mass
spectrometer (GC/MS) scan. This organic-free water will be used for blank
preparation and for final rinse in decontamination (where applicable). The
consultant may use an onsite generated source of organic-free water.

Solvent will be pesticide-grade isopropanol.

4.3.1 In-House Cleaning Procedures Prior to transport to the field, sampling
equipment will be decontaminated using the procedures described below. To the
extent feasible, enough sampling equipment will be made available to conduct a
sampling episode without field decontamination. All decontamination procedures
conducted in-house will be documented in an equipment room logbook.

The following subsections describe cleaning procedures for sampling, pumping, and
measurement equipment that will be conducted "in-house" prior to transport of the
equipment to the field.

4.3.1.1 Teflon™ or Glass Sampling Equipment (Trace Organies and/or Metal
Analyses) In-house decontamination procedures for Teflon™ or glass sampling
equipment used to collect samples for trace organic and/or metal analysis are
listed below.

1. Wash and scrub equipment thoroughly with laboratory detergent and hot
water.

2. Rinse thoroughly with hot tap water.
3. Rinse with at least a 10 percent nitric acid solution.
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4.3.1.2

Analyses)

Rinse thoroughly with tap water.

Rinse thoroughly with deionized water.

Rinse twice with solvent (pesticide-grade isopropanol).
Alr dry for at least 24 hours.

Wrap equipment in aluminum foil. Roll the edges into a "tab" to allow
easy removal. Seal the foil-wrapped equipment in plastic and date.

After use in the field, rinse the equipment thoroughly with tap water
as soon as possible, i1f full field decontamination procedures are not
used.

Stainless-Steel or Metal Sampling Equipment (Organic and/or Metal
In-house decontamination procedures for stainless-steel or metal

sampling equipment used to collect samples for trace organic and/or metal
analysis are listed below.

1.

4.3.1.3

Wash and scrub equipment thoroughly with laboratory detergent and hot
water.

Rinse thoroughly with hot tap water.

Rinse with deionized water.

Rinse twice with solvent (pesticide-grade isopropanol).
Alr dry for at least 24 hours.

Wrap equipment in aluminum foil. Roll the edges into a "tab" to allow
easy removal. Seal the foil-wrapped equipment in plastic and date.

After use in the field, rinse the equipment thoroughly with tap water
as soon as possible, if full field decontamination procedures are not

used.

Submersible Pumps and Hoses In-house decontamination procedures for

submersible pumps and hoses used for purging monitoring wells are listed below.

1.

NTC_Orl.POP
MVL07.94

Pump a sufficient amount of soapy water through the hose to flush out
any residual purge water.

Using a brush, scrub the exterior of the contaminated hose and pump
with hot soapy water. Rinse the soap from the outside of the hose with
tap water. Next rinse the hose with deionized water and recoil onto
the spool.

Pump a sufficient amount of tap water through the hose to flush out
soapy water,

Pump a sufficient amount of deionized water through the hose to flush
out the tap water.
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5. Rinse the outside of tﬁ;:pump housing and hose with deionized water
(approximately 1/4 gallon).

6. Equipment will be placed in a polyethylene bag or wrapped with
polyethylene film to prevent contamination during storage or transit.

4.3.1.4 sampling and/or Filtering Tubing In-house decontamination procedures
for Teflon™, PVC, stainless-steel, and glass tubing used for groundwater sampling
and/or filtering are listed below. In-line disposable filter cartridges should
be rinsed with tap water and disposed.

4.3.1.5 Teflon™ Tubing Use only new, food-grade Teflon™ tubing. This tubing
is not pre-cleaned, but should be stored and transported in its original
container or wrapped in polyethylene to prevent contamination. Tubing should be
flushed in the field with the sample medium before sample collection to remove
any residues. Tubing will not be reused.

4.3.1.6 Polyvinyl chloride (PVC) Tubing Use only new PVC tubing. PVC is not
to be used for samples being submitted for organics analyses. This tubing is not
pre-cleaned, but should be stored and transported in its original container or

- wrapped in polyethylene to prevent contamination. Tubing should be flushed in

the field with the sample medium before collection to remove any manufacturing
residues.

4.3.1.7 Stainless-Steel Sampling Tubing Pre-clean tubing as follows.

1. Wash and scrub equipment thoroughly with laboratory detergent and hot
- water.

2. Rinse thoroughly with hot tap water.

3. Rinse with deionized water.

4. Rinse twice with solvent (pesticide-grade isopropanol).
5. Air dry for at least 24 hours.

6. Wrap tubing and cap ends with aluminum foil and seal in plastic to
prevent contamination during storage and transport.

4.3.1.8 Glass Tubing Use only new glass tubing, pre-cleaned as follows.

1. Wash equipment thoroughly with laboratory detergent and hot water using
a brush to remove any particulate matter or surface film.

2. Rinse equipment thoroughly with hot tap water.
3. Rinse equipment thoroughly with deionized water.

4. Rinse equipment twice with solvent and allow to air dry at least 24
hours.

5. Wrap tubing and cap ends in aluminum foil and seal in plastic to
prevent contamination during storage and transport.

NTC_Orl.POP
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4.3.1.9 Well Sounders and Groundwater Measurement Tapes In-house decontamina-
tion procedures for Teflon™, PVC, stainless-steel, and glass tubing used for
groundwater sampling are listed below.

1. Wash with laboratory detergent and tap water.

2. Rinse with tap water.

3. Rinse with deionized water.

4. Wrap equipment in aluminum foil. Roll the edges into a "tab" to allow
easy removal. Seal the foll-wrapped equipment in plastic and date.

4.3.1.10 Ice Chests and Shipping Containers In-house decontamination procedures
for ice chests and shipping containers are listed below. Noticeably contaminated
containers should be thoroughly cleaned and properly disposed.

1. Wash inside and out with laboratory detergent and tap water.

2. Rinse with tap water.

3. Air dry.
4.3.1.11 Field Parameter Measurement Probes Field parameter measurement probes,
(e.g., pH or specific ion electrodes, geophysical probes, or thermometers) that
come in direct contact with the sample will be decontaminated using the-.
procedures listed below, unless manufacturer’s instructions indicate otherwise.
Probes that make no direct contact (e.g., OVA equipment) will be wiped with clean
paper towels.

1. Rinse with tap water.

2. Rinse with deionized water.

3. Solvent rinse, if obvious contamination remains after rinsing and if
solvent will not damage probe.

4. Rinse with deionized water.

4.3.2 Organic-Free Water Containers New containers that will be used to store
and transport organic-free water will be cleaned as follows.

1. Wash containers thoroughly with hot tap water and laboratory detergent,
using a bottle brush to remove particulate matter and surface film.

2. Rinse containers thoroughly with hot tap water.

3. Rinse containers with at least 10 percent nitric acid.
4. Rinse containers thoroughly with tap water.

5. Rinse containers thoroughly with deionized water.

6. Rinse twice with solvent and allow to air dry for at least 24 hours.
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7. Cap with aluminum foil or Teflon™ film.

8. After using, rinse with tap water in the field, seal with aluminum foil
to keep the interior of the container wet, and return to the
laboratory..

Used containers will be capped with aluminum foil immediately after being used
in the field. The exterior of the containers will be washed with laboratory
detergent and rinsed with deionized water if necessary. The interior of the
container will be rinsed twice with solvent. The interior of the container will
be thoroughly rinsed with organic-free or Milli-Q™ water. The container will be
filled with organic-free or Milli-Q“ water and capped with aluminum foil for
storage.

4.3.3 Field Decontamination Procedures When practical, sufficient equipment
should be staged in the field so that the entire study can be conducted without
the need for field cleaning. However, when this is not possible, the following
USEPA Region IV field decontamination procedures will be followed (USEPA, 1991c).

¥

4.3.3.1 ”ééﬁpiingm‘Eqﬁipmeﬁt for Classic Water Quality Parameters Sampling

equipment for classic water quality parameters (dissolved oxygen [DO], biological

oxygen demand [BOD], TOC, etc.) including, but not limited to, Kemmerers,
buckets, DO dunkers, and dredges, will be cleaned in the field prior to use and
between sampling locations as follows.
1. Rinse and scrub with water to be sampled or tap water.
2. Rinse with deionized water.
4.3.3.2 Sampling Equipment for Organic and Metal Analysis Teflon™, stainless-
steel, glass, or metal sampling equipment used to collect samples for organic and

metal analysis will be cleaned between sample locations as listed below.

1. Wash and scrub equipment thoroughly with laboratory detergent and tap
water.

2. Rinse thoroughly with tap water.

3. Rinse thoroughly with deionized water.

4. Rinse twice with solvent (pesticide-grade isopropanol).

5. Rinse with organic-free water and allow to air dry as long as possible.

6. If organic-free water is not available, allow equipment to air dry as

long as possible. Do not rinse again with deionized or distilled
water.
4.3.4 large Equipment Decontamination Large equipment (e.g., drill rigs,

backhoes, augers, drill pipe, casing, and screen) will be cleaned prior to use
and between sample locations in accordance with USEPA Region IV SOPs as outlined
below. ’
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4.3.4.1

Cleaning Procedures Prior to Initiation of Field Work All equipment to

be used onsite will be in good working order and free of leaks. Any part of the
drill rig or backhoe that will be over the borehole or sampling location (e.g.,
kelly bar or mast, backhoe buckets, drilling platform, hoist or chain pulldowns,
spindles, cathead, etc.) will be decontaminated prior to arriving at the site as
described below.

1.

2.

3.

4.

4.3.4.2

Steam clean and wire brush to remove soil and rust.

Inspect to assure that seals and gaskets are intact and that there are
no residual oils, grease, or hydraulic fluids that could drip into the
sample location.

If necessary, use Teflon™ string to tighten drill stem.

Steam clean the drill rig prior to drilling each borehole.

Cleaning Procedures for Downhole Equipment Drilling, sampling, and

associated equipment that will come in contact with the downhole sampling medium
will be cleaned as outlined below.

1.

2.

10.
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Wash and scrub with tap water and laboratory-grade detergent.

Steam clean and/or high pressure wash, if necessary, to remove soils,
The steam cleaner or high pressure washer should be capable of
generating a pressure of at least 2,500 pounds per square inch (psi)
and producing hot water and/or steam (200 degrees °F and above). If it
is necessary to steam clean PVC well materials, care must be taken to
control steam temperature so as to maintain the integrity of the PVC.

Rinse thoroughly with tap water.
Rinse thoroughly with deionized water.

Rinse twice with solvent (pesticide-grade isopropanol). Note: do not
rinse PVC materials with solvent.

Rinse thoroughly with organic-free water and allow to air dry. Do not
rinse again with deionized or distilled water.

If organic-free water is not available, allow equipment to air dry. Do
not rinse again with deionized or distilled water.

Where appropriate, wrap with aluminum foil to prevent contamination
during storage. Augers, drill stems, casings, and other large items
can be wrapped in clean plastic if necessary.

If caked mud, rust, and/or paint is present that can not be removed by
steam or high pressure wash, the downhole equipment will be sandblasted
prior to step number 1 above, and prior to arrival onsite.

Printing and/or writing on well casing, screens, tremie tubing, etc.,

will be removed with emery cloth or sand paper prior to arrival onsite.
Where possible, materials without printing or writing will be ordered.
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4.3.4.3 Decontamination Staging Area and Fluid Disposal Cleaning and
decontamination of all equipment will occur at a designated area at each POI or
study area that is downgradient and downwind (prevailing wind direction) of the
clean equipment drying and storage area. The cleaning and decontamination area
will contain an excavated pit, lined with heavy duty plastic sheeting, for
containment of washwater and waste. The decontamination area will be designed
such that washwater will drain into the pit. Solvent rinsates will be collected
in separate containers. Large portable equipment (drill rods, auger flights,
well casing and screen, etc.) will be cleaned on saw horses or other supports
constructed above the plastic sheeting.

The water will be pumped into 55-gallon drums and the sediment will be collected
in separate drums. The plastic sheeting will be washed and the washwater will
be containerized as contaminated washwater. The plastic sheeting will then be
properly disposed. The pit will be backfilled with the originally excavated
material.

The drums containing waste will be properly labeled, sealed, and staged for
storage until laboratory analytical results are received. Drum labels will
include the contents (medium), the POI or study area of origin, the investigation

‘location ID, and the date of generation. The contaminated material will be

treated as discussed in Section 4.10.

4.4 FIELD INVESTIGATION TECHNIQUES AND PROCEDURES.

4.4.1 Mobilization To streamline field tasks and minimize project delays at

commencement of field activities, the following mobilization tasks will be
implemented prior to initiating field investigative activities.

l. A central office facility (e.g., trailer or permanent structure) will
be established to function as headquarters for field program activi-
ties. The field office will, at a minimum, have electrical power,
sanitary sewage, public water, and telephone communication. Addition-
ally, based on the size of the field program, the field office may
contain a two-way radio base station, portable computer, and copy
machine. The office will also serve as the location for field project
files and field equipment storage.

‘2. Subcontractor drilling and excavation equipment and supplies are to be
staged in a designated location during mobilization, prior to the
initiation of subsurface exploration activities. The equipment will be
decontaminated prior to arrival onsite as prescribed in Section 4.3.

3. A temporary, centrally located decontamination pad will be constructed
during drilling and excavation equipment mobilization and prior to the
initiation of field activities (see Section 4.3).

4. All sampling and health and safety equipment and materials will be
staged in the field office.

5. Team meetings will comprise the final phase of mobilization. Meetings
will focus on project health and safety requirements, installation
policies and procedures to be followed (e.g., utility clearances),
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field sampling procedures, site preparation and access requirements,
and drilling requirements (e.g., decontamination, waste handling, and
well installation).

6. During field programs, morning health and safety meetings will be held
prior to commencement of the day's field activities.

4.4.2 Unexploded Ordnance Clearance Survey Unexploded ordnance (UXO) clearance
surveys will be conducted by a qualified UXO consultant or Navy explosive
ordnance disposal (EOD) personnel to determine the location of UX0O located both
within the surface and subsurface of a POI. Clearance surveys will be conducted,
prior to any field exploration activities, at POIs that have been designated as
potential UXO sites. The clearance survey consists of conducting records review,
visual sweeps, and geophysical survey sweeps of designated areas. Results of the
survey will be used to assess the need of removing UXO from any exploration
location, including borehole clearance during drilling.

4.4.2.1 Records Review The UXO consultant will initially collect all pertinent
data available including (1) review of base records and (2) conductance of
interviews with appropriate base personnel. The information will be evaluated
and combined with the actual onsite clearance data to evaluate the levels, types,
and boundaries of potential UXO within designated POIs.

4.4.2.2 Visual Sweep Survey A surface, visual sweep team, consisting of a
minimum of two EOD trained specialists, will conduct a wvisual search and
clearance of the designated areas. Hazardous UXO items visually located by the
sweep team will be marked with stakes. Removal of hazardous UXO items will be
conducted by either the UXO consultant or EOD installation personnel. Hazardous
UXO items that can be safely moved will be collected and placed at a designated
ordnance holding area.

4.4.2.3 Geophysical Sweep Survey Following the visual sweep survey, the UXO
consultant will perform a geophysical sweep survey of designated areas. Using
marking stakes and lines, as necessary, the UXO specialist will mark the outer
perimeter of each survey site. The geophysical survey team will conduct a
subsurface electromagnetic search of the survey area using a military-approved
ordnance locator. This hand-held unit is the most recent military-approved
locator currently in use for detecting subsurface ordnance items by the U.S.
Military EOD forces. An ordnance locator uses two fluxgate magnetometers that
are aligned and mounted a fixed distance apart to detect changes in the earth'’s
ambient magnetic field caused by ferrous metal or disturbances caused by soil
conditions.

The EOD specialist will use the ordnance locator and move along each line of the
survey grid. When a subsurface anomaly is detected, the specialist will check
the ground with his hand to determine if the contact is on, or just below, the
surface. 1If the contact is buried, the UXO consultant will mark the spot and
continue until the fade out zone is established for each contact.

Any excavation deemed necessary will be completed by hand, or with hand tools,
in accordance with EOD procedures. Items located by the UXO team will be marked
and subsurface diagnosis will be performed by an EOD team with non-sparking
tools. An EOD technician will be present to ensure safety and to verify all
excavations. The items will then be recorded on the survey grid data sheets.
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4.4.2.4 Borehole Clearance Prior to any drilling activities in UXO designated
areas, the EOD specialist will surface sweep the access to the boring sites. The
sweep will encompass a minimum access way of 25 feet and a drilling site area of
approximately 70 feet in diameter and 10 feet deep at designated boring
locations. Both ferrous and nonferrous locators will be used to achieve a high
effectiveness of the surface sweep. At designated sites, boreholes may be
cleared at the surface and every 5 feet thereafter by removing the augers and
inserting the probe of the ordnance locator to the bottom of the borehole. This
procedure will be followed to a minimum depth of 10 feet.

4.4.3 Surface Geophysical Survey Geophysical surveys can be used to identify
buried objects or features such as utility lines or pipes, former disposal
trenches or pits, buried drums, and/or waste material. Geophysical techniques
commonly used as part of field investigations include GPR, magnetometry, and TC.
Using more than one individual survey technique in a given area provides for
correlation of anomalous features and a more comprehensive interpretation.

4.4.3.1 Magnet'ometry Magnetometers can be used to locate buried steel
containers, define boundaries of pits or trenches filled with ferrous debris, and

.ylocate ferrous underground utilicy pipes and electrical conduits. Magnetometers
“measure the intensity of the earth’s magnetic field. Buried ferrous objects can

cause variations in the magnetic field, which, in turn, can be detected by the
magnetometer.

Measurements can be collected at individual stations located on a grid, or
continuously along traverse lines. Presentation of the data is typically limited
to profile lines or contour maps showing the location of the magnetic anomaly.

The magnetic gradiometer consists of a pair of total field magnetic sensors
mounted on a survey pole. The sensors are designed to measure magnetic field
strength. Simultaneous readings from each sensor with the survey pole held
vertically provides the gradient value by calculating the difference in total
field strength between each sensor. The magnetometer thus provides both total
field and magnetic gradient values at the same time. The unit is equipped with
a portable data logging device to record individual gradient and total field
strength readings. The particular advantage of this surveying technique is that
it is fully portable and self contained. Access limitations associated with some
geophysical surveying methods (e.g., cables and the need for field support
vehicles) need not be considered with this form of geophysical survey.

Data will usually be collected at pre-established grid nodes within a survey
area. The grid nodes will be marked in the field with flagged stakes for
collecting data and locating interpreted magnetic anomalies later. Data stored
in the portable data logger is down-loaded to a personal computer for processing.
Processing includes establishing a uniform grid data set over the area surveyed
and contouring the results. At the completion of the survey, interpretation of
the contoured gradient and total field data will be conducted and anomalies
marked in the field with labeled flagged stakes. Surveying limitations may occur
in areas where interference from fences, railroad tracks, power lines, and
surficial ferrous metal debris exist. These areas will be avoided, where
possible, during the survey.

The magnetometry method requires a two-person crew consisting of one instrument
operator to collect data at the designated survey nodes, and an assistant to
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maintain field mapping notes on observed landmarks and surficial features that
may affect magnetic readings. Field maps will be used as an integral part of the
interpretation of magnetic anomalies. A magnetic base station will be
established and total magnetic field data collected periodically to monitor
diurnal variations in the earth’s magnetic field so that corrections to the total
field data from the survey can be made if necessary.

4.4,3.2 Ground Penetrating Radar GPR uses electromagnetic waves in the
frequency range of 80 to 1,000 megahertz to define subsurface stratigraphy. With
the GPR technique, electromagnetic energy is radiated downward into the
subsurface from an antenna that is pulled slowly across the ground at speeds
varying from about 0.25 to 5 miles per hour (mph), depending on the amount of
detail desired and the nature of the target. The radio wave energy is reflected
from surfaces where there is a contrast in the electrical properties of
subsurface materials. These surfaces may be naturally occurring geologic
horizons (e.g., soil layers, changes in moisture content, voids, and fractures
in bedrock) or manmade (e.g., buried utilities, tanks, drums, or dunnage). The
reflected energy is processed and displayed as a continuous strip chart recording
of distance versus time, where time can be thought of as approximately
proportional to depth. The depth of penetration of a GPR system is highly site
specific, and generally depends on the soil types at the site (clean sands are
best), moisture conditions (dry is best), and the frequency of the antenna (the
lower the frequency, the deeper the penetration and the less the resolution).

The GPR unit will generally be operated from a utility vehicle with the remote
transmitter and receiver antenna towed either manually or behind the vehicle.
Reflected radar signals, transferred to a graphic strip chart recorder on the GPR
unit, will be interpreted directly in the field. Interpreted reflectors will be
marked at the surface with flagging or spray paint during the survey.

Several factors may adversely affect the quality, and the ability to collect
interpretable data. They include: physical access limitations for both the
utility vehicle and towed antenna, contrasts in electrical properties between

soil and subsurface targets (clay pipe and concrete tanks are more difficult to

locate than metallic objects because of the lower contrast), the size and depth
of subsurface objects (deeper and smaller objects are more difficult to locate),
and the clay content and degree of water saturation of soils. Wet, clay-rich
soils can significantly attenuate the radar signal making interpretation
difficult and sometimes impossible.

Proposed survey lines will be concentrated in areas where the targets are likely
to exist for better resolution. Because of the inherent flexibility in data
collection, actual GPR survey lines can be easily modified in the field based on
preliminary interpretations. Survey line spacings will be increased or decreased
in response to success of data collection efforts at the time of the survey. The
survey will generally be conducted by a two-person crew.

4.4.3.3 Terrain Conductivity (TC) TC surveys have traditionally been used in
mineral exploration for tracing conductive ore bodies (i.e., massive sulfides).
More recently, TC surveys have been widely used not only for tracing conductive
contaminant plumes in groundwater, but for mapping landfill boundaries and zones
with high concentrations of metal, as would occur in a drum repository, and
conductive soil.
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Because the instrument never comes in contact with the ground, data acquisition
is quite rapid. However, quantification of conductivity data to yield a layered-
earth solution as is commonly done with earth resistivity techniques yields only
simple solutions that should be regarded as approximate.

This instrument consists of a transmitter and receiver. When a measurement is
made, the transmitter is energized by an alternating current that produces a
primary magnetic field. This artificial magnetic field induces small electric
currents to flow in the earth, which, in turn, produce a secondary magnetic field
made up of two components: the quadrature-phase and in-phase components. The
secondary magnetic field is related to the transmitter and receiver separation
and to the operating frequency of the transmitter, both of which are selected by
the operator. The ratio of the quadrature phase of the secondary field to the
primary field is linearly proportional to the terrain conductivity. This ratio
is measured by the receiver and converted into conductivity values in units of
millimhos per meter.

Field measurements may be recorded on a digital data logger, which is capable of
recordlng ‘simultaneously both the quadrature-phase and in-phase components of the

“induced magnetic field. The quadrature-phase component gives the ground

conduct1v1ty value in mllllmhos per meter. The in-phase component is signifi-
cantly more sensitive to metallic objects and may be useful for rough screening
for buried metal objects. Data from the in-phase component may be thought of as
being equivalent to a metal detector survey. Data will be logged continuously
along survey lines yielding conductivity profiles, or at selected grid nodes.

In either case, data will be down-loaded from the data logger and processed into
a map to provide for a comprehensive interpretation of conductivity anomalies.

Physical access is generally not a problem because of the inherent portability
of TC equipment. Surficial features, such as chainlink fences, automobiles,
buildings, and railroad tracks can, however, cause significant interference in
TC data. Areas possessing these types of features will be avoided, to the extent
practical, during surveying.

The survey method is commonly conducted by a two-person crew. One person
operates the TC unit and data logger; the other logs surface landmarks and
reference points on a hand-drawn map. The map is used in conjunction with

processed TC data to provide a more accurate interpretation of anomalies. The
map will also be used to assist in flagging areas in the field where TC anomalies
have been identified.

4.4.3.4 Seismic Refraction Profiling Seismic refraction profiling is an
indirect means of determining the thickness and velocity values of the various
seismic layers underlying a site. There is often a direct correlation between
geologic strata and the layers defined during a seismic refraction investigation.

The basis for the interpretation of data is the amount of time required for
elastic waves, generated at a point source, to travel to a series of sensitive
listening devices called geophones, or seismometers. Geophones are placed at
known intervals along a straight line on the ground surface and connected by
special multi-conductor cables to the seismograph. The cables are known as
seismic spread cables and the array of geophones and cables is called a seismic
spread. The seismograph is the device that records the elastic wave arrivals
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from the energy source along the seismic spread, acquiring separate data for each
geophone position.

The seismic waves detected in a seismic refraction survey and used for depth
calculations and the identification of materials are "P" (compressional) waves.
This wave travels through earth materials as a series of compressions and
rarefactions. Just as sunlight bends when it passes through a glass prism
(refraction), so sound waves bend as they travel deeper into the earth through
the various layers of soil and rock. Because they are bent, they eventually
return to the surface as refracted seismic waves. Careful measurement of the
transit times between the energy source and each geophone enables interpretation
of subsurface structure. The thickness and velocity values of various soil and
rock layers can be computed. In the same manner, seismologists have learned
about the interior of the earth by carefully measuring the arrival of seismic
waves generated by distant earthquakes.

Field Procedure for Data Acquisition. Seismic spread cables, which have
pre-measured shotpoint and geophone locations, are positioned along the lines of

investigation. Geophones, which have a spiked base to provide good ground
contact, are positioned at measured locations along the seismic spread cables.
Either a weight impact (sledge hammer) or small buried charges of explosives
provide the seismic energy source. If explosives are necessary, shotholes are
usually prepared with a driven rod (not excavated) to ensure good ground
coupling. The blaster tamps the explosives tightly and notes the depth and
amount of explosives in each shothole.

Seismograms are obtained using a portable signal enhancement seismograph. This
instrument records the wave arrivals from the energy source along the seismic
spread, acquiring separate data for each geophone position. Timing lines across
the entire recording allow direct reading of wave arrivals to an accuracy of 1
millisecond. The signal enhancement capability refers to the ability of the
instrument to record the seismic waves from several impacts (or explosions), add
them electronically, and retain these data in its internal digital memory for
later processing and interpretation. The enhanced signal improves data quality
and greatly simplifies interpretation.

Generally, the field party will obtain several recordings (seismograms) along
each seismic spread. Seismograms are generated with the energy source at each
end, and others may be obtained by energy generation in the middle, and at other
positions along an individual seismic spread as necessary.

Continuous profiling is accomplished by having an end shotpoint of one seismic
spread coincident with an end or intermediate position shotpoint of the
succeeding spread. The length of each spread is determined by the required depth
of penetration. Seismic spreads of varying lengths can be used in a study; the
deeper the required penetration, the longer the spread must be.

Interpretation. The data are interpreted by first accurately measuring the
individual transit times at each geophone position, then constructing a graph of
these times versus their distance from the energy source. The geophysicist then
determines by inspection of the time-distance graphs the number of subsurface
seismic layers present. Straight line segments of best fit are drawn onto the
graphs with each layer represented by a line of different slope. The inverse of
the slope of each line is the (apparent) velocity value for each layer. The
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distance, x, from the energy source ‘to the "crossover point" between two layers
1s proportional to the thickness, D, of the overlying layer.

Depth calculations are made using standard critical distance formulae of the form
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where D is the thickness of the nth layer, Xp+3, and is the critical distance for
the deepest refractor, designated as the n+I layer of seismic velocity value
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“There are several limitations, discussed below of seismic refractlon exploration

that should be restated whenever such a study is planned so that expectations are
reasonable.

Accuracy. The accuracy of any measurement or calculation (depth, velocity, or
critical distance) is generally limited to within plus or minus 10 to 15 percent
of its "true" wvalue. For éxample, if a depth to a refractor (bedrock) is

calculated from refraction measurements to be 50 feet, then one might reasonably
expect that if one were to confirm the depth to rock through drilling, that
bedrock would be encountered at a depth of 50 plus or minus 5 to 7.5 feet, or
42.5 to 57.5 feet bls.

Laver Thickness and Velocity Relationships. To be detected by seismic
refraction, a target refractor must have sufficient thickness and velocity
contrast with overlying layers. A general guideline that can be used is that a
target refractor should have a seismic velocity value of at least 1.2 to 1.5
times the velocity of the overlying layer and a thickness of from 0.5 to 1.0
times the combined thickness of the overlying layers. The greater the contrast
in velocity between the target refractor and the overlylng layer, and the greater
its thickness, the more accurately it can be mapped. Conversely, the smaller the
contrast in velocity and the thinner the target refractor, the less likely that
it will be mapped accurately. 1In fact, as the velocity contrast or thickness
approaches smaller and smaller values, there is a point at which the layer will
no longer be detected by seismic refractlon

Seismic Velocity Increases with Depth. Interpretation and data processing of all
seismic refraction data make the assumption that the velocity value at which

sound waves travel through subsurface materials will increase with depth.

Generally, this assumption is both reasonable and valid, although there are
notable exceptions. When seismic refraction measurements are made on asphalt or
concrete surfaces, the asphalt or concrete "layer" is always of higher velocity
than the underlylng fill or soil materials. These data must be used with caution
and with the knowledge that sometimes such data will not be useable. Refraction
surveys in karst terrain with limestone deposits underlain by shale or weathered
bedrock would also fall into this category.
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Uneven Terrain and Crooked Traverses. There are many pitfalls to the successful
interpretation of seismic data that are not controllable, but two common pitfalls
that are controllable are avoiding uneven terrain and avoiding unnecessary bends
along seismic traverses. Uneven terrain along a traverse causes otherwise flat-
lying layers to behave as if they were dipping alternately in one direction, then
in the other, depending on which side of a slope the observer is., If traverses
can be positioned generally parallel to topographic contours, interpretation will
generally be more reliable.

For crooked seismic traverses, the measured distance between geophones and the
energy source will be different (shorter) from that of a straight traverse. This
will shorten the arrival times between the energy source and each geophones.
Traverses with significant bends will need to be time-corrected in accordance
with the geometric relationships between the energy source and each geophone.

Low Velocity Effects from Organic Surface Materials. Care must be taken to
position individual geophones (generally fitted with a spiked base) such that
root matter and peat zones are avoided. Each foot of low velocity surface
material through which seismic waves travel is equivalent to perhaps 5 to 10
times an equivalent thickness of saturated overburden materials. Not accounting
properly for these time delays can lead to erroneous interpretation. The
identification of various materials can be made with a knowledge of seismic
velocity values based on other engineering studies, and on correlations with
various test borings taken near seismic lines.

4.4.4 Test Pits Test pits may be excavated to collect subsurface soil samples
and characterize shallow subsurface soil conditions. The following discussion
outlines test pit excavation procedures: collection of test pit soil samples is
outlined in Paragraph 4.5.1.2. Test pit excavation will be directed by the field
geologist.

To expedite the sampling and record keeping efforts and to minimize periods of
potential exposure during the excavation of test pits, the sampling crew will
have sufficient tools and equipment to sample each pit prior to requiring
decontamination. The backhoe, bucket, and boom will be decontaminated before
each new test pit in accordance with procedures outlined in Subsection 4.3.4.

The actual layout of each test pit, temporary staging area, and spoils pile will
depend on site conditions and wind direction at the time the test pit is made.
During excavation, sampling, and logging of each test pit, the backhoe operator
and all site personnel will remain upwind or crosswind of the test pit and spoils
pile. Wind direction will be monitored by means of a wind sock or other banner
located in a prominent position visible to all personnel.

Preselection and the use of hand and horn signals is important during completion
of test pits due to noise levels around the machine. The sampling crew and
backhoe operator will rehearse appropriate signals ahead of time and be
thoroughly familiar with their meaning.

Test pits will be logged by the field geologist as they are excavated. Records
of each test pit will be made on prepared forms or in a field book (Figure 4-1).
If the log is made in a field book, it will be transcribed to prepared forms.
These records include plan and profile sketches of the test pit showing all
materials encountered and their depth and distribution in the test pit and sample
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locations. These records will also include safety and sample screening
information. This format provides a cross check with COC records and sample
label counts. Photographic logs will be recorded in the field loghooks.

The actual depth of samples obtained from each test pit will be selected at the
time the test pit is excavated. Additional samples of each residue phase and any
fluids encountered in each test pit may also be collected.

Before the test pit is excavated, the backhoe and backhoe bucket will be
decontaminated as discussed in Subsection 4.3.4. Test pits will be excavated in
the following manner.

1. The sampler and subcontractor (including the backhoe operator) will
plan the excavation.

2. After the area to be excavated has been cleared, the backhoe operator
will excavate the test pit proceeding in increments as planned by the
sampler and subcontractor.

3. After each increment, the operator will wait while the sampler inspects
" the test pit to decide if conditions are appropriate for sampling.

4. TIf conditions are suitable for sampling, discrete samples from
appropriate intervals may be collected from the bottom or sides of the
test pit with the backhoe bucket. Normally, test pits are not entered
by any personnel for sampling. Test pits must never be entered unless
the excavation conforms to OSHA requirements (see Volume II, Appendix
J). Note proper depths and locations of sample collection in the field
log.

5. The backhoe operator, who will have the best view of the test pit, will
immediately cease digging if:

. any fluid phase or groundwater seepage is encountered in the test
pic,

. any drums or other potential waste containers are encountered,
. distinct changes of material are encountered, or
. the field geologist directs the operator to cease digging.

This action is necessary to permit proper sampling of the test pit and to prevent
a breach of safety protocol. For instance, should any fluids or seepage be
encountered, they could, after suitable screening and monitoring, be sampled.
Waste and sludge deposits could likewise be sampled before proceeding. Should
uncollapsed drums be encountered, the test pit will be terminated, backfilled
carefully to avoid damage from rocks, etc., flagged to identify the location of
the buried drums, and redug at an adjacent location. Under no circumstances will
any personnel open and/or sample any buried drums. The field investigation task
leader will immediately notify the project manager and other personnel, as
appropriate, so that a course of action, including health and safety consider-
ations, may be initiated.
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Test pits will be secured, when open, during the day and backfilled at the end
of each day. Cleanup procedures at the conclusion of a test pit exploration
include proper disposal of cuttings, decontamination of the backhoe and sampling
equipment, removal of plastic sheeting, and completion of the field logbook
and/or data sheets.

4.4.5 TerraProbe™ Surveys The TerraProbe™ system can be used to conduct soil
vapor, soil, and groundwater surveys. These surveys provide screening
information that can be used to optimize the location of soil borings and
monitoring well installations and to assess VOC contamination in the vadose zone.

The TerraProbe™ system consists of a hydraulic ram unit with the capability of
driving 3/4-inch diameter rods and stainless-steel sampling probes into the
subsurface for sample collection. The entire system is mounted in, and operates
out of, a standard cargo van. The system is unfolded from the rear of the van
and the steel probe assembly is advanced to the desired depth. The closed probe
point is then released using internal rods, allowing the point to recede into the
probe when it is advanced further. To obtain a soil sample, the probe is then
advanced another 12 inches, collecting a sample inside the tube. Water samples
are collected by allowing formation water to flow into a slotted probe tip.
Water within the probe is then purged and sampled using a low flow rate sampling
pump or a bailer. The collection of groundwater samples via the TerraProbe™
method is dependent on sufficient saturated thickness of overburden soils and an
adequate rate of inflow through the probe tip. For soil vapor, a vacuum is
applied to the drive rods and a sample is collected in a syringe.

Soil gas surveys are performed by driving a probe into unsaturated soil to a
designated depth (i.e., 5 feet). Probe depth depends on site-specific factors
such as type of soils, depth to groundwater, location of underground utilities,
and potential source and type of contamination anticipated. After the probe is
in place, a soil gas sample is extracted and analyzed using an FID or PID and an
electron capture detector.

As an alternative to sampling gaseous soil organic vapors, soil samples may be
obtained from discrete depths in the vadose zone and GC screened. An extraction
will be performed on the soil samples in the field laboratory and each sample GG
screened using purge and trap techniques (see Section 4.6). The purge and trap
soil screening will improve data quality while assessing the distribution of VOC
contamination in the vadose zone.

Groundwater and soil samples may be field analyzed according to the field
laboratory analyses outlined in Section 4.6 (see Paragraph 4.5.1.3 for
TerraProbe® sampling procedures).

4.4.6 Exploratory Drilling Soil borings will most often be drilled using
hollow-stem auger (HSA) drilling and split-spoon sampling techniques where
confirmatory soil and groundwater sampling is needed and where exploration depths
exceed 5 feet. If conditions are encountered where the HSA method cannot be used
(i.e., caving or running sands), or another method becomes advantageous, other
investigative techniques, such as mud or air rotary or cased borehole methods may
be used. Split-spoon samples will be collected either continuously (i.e., the
0- to 1-foot interval, then every 2 feet thereafter to the water table) or at S-
foot intervals, depending on site-specific data needs.
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A qualified drilling subcontractor will supply fhe necessary type and number of
drilling rigs capable of performing the drilling technique appropriate for the

existing subsurface conditions. Prior to implementing the proposed drilling

plan, the drilling subcontractor will:
. secure and comply with any required boring or well drilling permits,

. arrange drill sites (e.g., the drilling subcontractor will have
containment materials on hand) to minimize the potential for the
possibility of spills and leaks from the drilling operation entering
the borehole,

. clean drilling equipment prior to movement to the site (see Section
4.3), and

. store well drilling equipment and well installation supplies in the
staging area. At each drill location, clean equipment and supplies
‘'will be temporarily stored on sheets of disposable polyethylene

" sheeting to eliminate contamination from the native soils at the well
““location.

Soil borings will be used to obtain characterization and confirmatory samples for -

laboratory analyses. A geologist will be present during the drilling of borings
and installation of monitoring wells. The geologist will maintain drilling logs,
collect appropriate samples, and be equipped as required to perform this task
appropriately. Subsurface split-spoon soil samples will be collected and logged
using the Unified Soil Classification System (USCS). Typically, soil samples
will be collected in accordance with Level III or IV DQOs, depending on the
requirements of the task. In general, samples collected for laboratory analyses
will be selected based on previous field screening results, field monitoring
results (i.e., elevated PID, FID, or GC readings), visual examination, and/or at
pre-designated depth intervals. Most soil boring locations will correspond with
monitoring well installations. Soil borings not used for monitoring well
installations will be abandoned and grouted to ground surface.

Drilling of shallow borings will be conducted using 4.25-inch inside diameter
HSAs.. If the site geologist determines that due to geologic conditions, augers
cannot be used, borings will be advanced using an alternmative method. If a
boring is to be completed as a bedrock monitoring well, a surface casing will be
placed through the overburden to the bedrock surface, followed by mud rotary
drilling until the desired depth has been attained.

. Potable water for drilling and decontamination will be obtained from a
source that has been approved by the Navy (Section 4.3).

. Drilling will be conducted by an approved drilling consultant.

. Drilling tools and rigs will be steam-cleaned prior to being delivered
onsite. Drilling rigs and tools will be decontaminated in accordance
with procedures outlined in Subsection 4.3.4 prior to beginning any
borings, and between borings and well installations.

. Well screen and riser will be cleaned prior to installation. Well
materials will be cleaned at the decontamination area in accordance
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with Section 4.3, and wrapped in plastic sheeting prior to transport to
the drill site. All surfaces coming into contact with decontaminated
well materials will be covered with plastic sheeting.

Drill cuttings and drilling fluids will be inspected visually for discoloration
or other indications of contamination and screened with a PID or FID every 5 feet
drilled or at every split spoon collected, whichever is more frequent. Drilling
fluids or cuttings will be contained and disposed as described in Section 4.10.

The boring methods employed at a given site are selected on the basis of
subsurface conditions. The Consultant will prepare detailed drilling specifi-
cations that govern the drilling subcontractor’s effort. These specifications
will be modified on a site-specific basis to reflect the needs of each project.

4.4.6.1 Auger Borings With this technique, HSAs are advanced into the soil.
Drill cuttings are compressed laterally and carried upwards on the auger flights.
The bottom opening in the hollow stem of the auger is blocked with a plug while
the auger is advanced. When the desired sampling depth is reached, the plug is
removed and a sample is obtained from below the bottom of the auger. The
advantages of the HSA technique include:

. simplicity of procedure,
. low risk of personnel exposure,

* can be used to obtain soil samples from a wide range of subsurface
conditions,

. drilling fluids are generally not required, and
. availability of equipment.
The disadvantages of the HSA technique include:
. difficulty in penetrating excessively cobbled or bouldered soils, and

. difficulty in sampling granular soils below the water table because,
without drill fluids, there are no practical means to maintain
hydrostatic equilibrium in the borehole. When the plug is withdrawm,
water and sediment from outside the augers may enter the borehole,
potentially causing contamination and difficulty in sampling undis-
turbed soil below the bottom of the augers.

4.4.6.2 Water Rotary Drilling fluid is pumped down the drill rods and through
a bit that is attached to the lower end of the drill rods. The fluid circulates
back to the surface by moving up the annular space between the drill rods and the
wall of the borehole. At the surface, the fluid discharges through a pipe and
enters into a segregated or baffled sedimentation tank. The settling tank
overflows into a suction tank where a pump recirculates the fluid back through
the drill rods. The advantages of this drilling technique are:

. simplicity of procedure,

. low risk of personnel exposure,
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. can be used to obtain soil samples from a wide range of subsurface

conditions,
. can be used to obtain samples from depths greater than 100 feet, and
. availability of equipment.

The disadvantages arise from the need to use a drilling fluid. The drilling
fluid used will be from an approved water source. Drilling additives will not
be used unless soil pore-pressures or other down-hole conditions require a
heavier drilling fluid. The drilling fluids and cuttings removed from the
borehole will require collection, containerization, and transportation to a
suitable onsite disposal or staging site.

In sediments such as limestone, loss of drilling fluid circulation may occur,

necessitating other rotary drilling techniques, such as air rotary. This
procedure is essentially identical to water rotary, except pressurized air is

pumped through the drill rods and drill bit, forcing formation water and drill
‘;cuttlngs up the annulus to land surface

4.4.6.3 Monltorlng Well Installatlon Monitoring wells will be constructed of

materials in accordance with National Sanitary Foundation (NSF) Standard 14 and
SOUTHNAVFACENGCOM Guidelines for Groundwater Monitoring Well Installation
(Appendix A), and installed in accordance with USEPA Region IV ECBSOPQAM (USEPA,
1991c) guidelines. The reader is also referred to Statement On Use of Alternate
Monitoring Well Materials (Appendix A, Part 5). In the event of a conflict, the
USEPA specifications will be followed with the exception of the use of well

materials. Care will be used in steam cleaning well materials to ensure

integrity is maintained.

A geologist will be present during monitoring well installation to record details
of the well installation. Monitoring wells will be installed in borings unless
the lithology requires abandoning the boring. Abandoned borings will be grouted
in the presence of the site geologist.

For purposes of well abandonment or monitoring well installation, grout will
initially be mixed to consist of 20 parts Portland Type II or V cement to one
part bentonite by weight, with a maximum of 8 gallons of approved water per 94-
pound bag of cement; however, these proportions may be modified to meet field
conditions, with Navy approval. This grout mixture will also be used as
necessary for backfilling soil borings not completed as wells. All grout
materials will be combined in an above-ground rigid container or mixer and
mechanically, not manually, blended onsite to produce a thick, lump-free mixture
throughout the mixing vessel. The mixed grout will be recirculated through the
grout pump prior to placement. Grout will be placed using a grout pump and
tremie pipe. The grout pump for recirculation and placement will be a
commercially available product specifically manufactured to pump cement grouts.
The tremie pipe will be of rigid, not flexible, construction. Drill rods, rigid
PVC, or metal pipes are acceptable tremies. Hoses and flexible PVC are
unacceptable. Grout placement, via gravity and the grout head, using an elevated
grout tank 1s expressly prohibited.

All well installations will begln immediately after boring completion. Once
begun, they will continue uninterrupted, to the extent possible, until
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completion. In all cases, the well screen and casing will be cleaned in
accordance with procedures described in Subsection 4.3.4. All well screens will
have a bottom plug.

The following materials will be used in monitoring well construction.

. Two-inch inside diameter, Schedule 40, threaded, flush-jointed, PVC
screen and riser pipe will be used. No PVC solvent will be used. The
well screen will be factory-slotted, with a slot width of 0.010 inch.
A loose-fitting PVC cap will be used to cover the top of the well riser
and to allow equilibration-.of the well water level with atmospheric
pressure. Water table well screen lengths will typically be 10 to 15
feet in length. Monitoring well depths and screened intervals will
depend on POI-specific data objectives. Whenever possible, shallow
wells will be installed so that the screen will intersect the water
table during all seasons.

. Clean silica sand used in the filter envelope around the well screen
will be selected to be compatible with both the screen slot size and
aquifer materials. The sandpack will extend a maximum of 2 feet below
the bottom of the well screen to 2 feet above the top of the screen.

. A minimum of 2 feet of bentonite pellets or slurry will be used in the
seal, and will be a commercially available product designed for well
sealing purposes. The bentonite or slurry seal will be allowed to
hydrate for the manufacturer’s recommended hydration time. As an.
alternative, fine-grained sand may be used in place of hydrated
bentonite for monitoring wells that straddle the water table. The
decision to use bentonite or fine-grained sand will be made on a case-
by-case basis.

. A cement-bentonite grout will be placed in the annular space above the
seal layer. The cement-bentonite grout seal will extend from the top
of the bentonite seal to ground surface. Grouting will be completed as
a continuous operation in the presence of the field geologist. The
grout will be pumped into the annular space under pressure using a
tremie pipe placed at the top of the bentonite seal to ensure a
continuous grout seal. The protective casing will be sealed in the
grout.

. At least one sample each, 0.5 pint in volume, of the granular backfill,
bentonite, mud, or other material used as part of a well installation
will be taken from each shipment of materials and stored with the soil
samples.

. Monitoring wells will either be flush-mounted with protective steel
casing at ground surface or will have aboveground protective casings to
protect the well riser. Aboveground wells in high traffic areas will
be surrounded by four protective steel posts. Protective steel casings
will be equipped with locking covers. The same key will be used for
all padlocks that will be placed on new monitoring wells at NTC,
Orlando. A concrete seal and concrete pad will be placed from the top
of the grout to the ground surface around each protective casing to
secure the casing, prevent surface runoff from entering the borehole,
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and to direct runoff away from the casing. The concrete pad shall
measure 3 foot by 4 foot by 6 inches. The aboveground parts of both
the well riser and protective casing will be vented. The protective
casing will have two weep holes near ground level to allow water to
drain from inside the casing. A reference mark will be placed on each
PVC monitoring well riser pipe for water level measurements. Wells
will be permanently and properly identified as specified in SOUTHNAV-
FACENGCOM guidance (Appendix A) and USEPA ECBSOPQAM guidance (USEPA,
1991c).

* A sketch of the well installation will be included with the boring log.
It will show, by depth, the bottom of the boring, screen location,
granular backfill, seals, grout, water level, cave-in, and height of
riser above ground surface. The actual composition of the grout,

seals, and granular backfill will be recorded on each sketch. Figure'

4-2 illustrates a typical well installation diagram.
. Well sketches will include the protective casing detail.

Modifications to monitoring well installation requirements may be necessary if
the depth to groundwater is shallow. The bentonite seal and sand-pack extension

~ 'méy be reduced, though it is preferred that the bentonite seal be not less than

2 feet. Modifications to installation requirements will only be implemented with
prior approval from the Navy.

4.4.6.4 Monitoring Well Development The development will be performed as soon
as practical after well installation, but not sooner than 24 hours after grout

'set time and optimally after the protective casing installation. The following

data will be recorded during well development
. well designation;
. date and time well installation completed;
. date and time of development;

. static water level before and after development, including depth to
water and depth to well bottom;

. quantity of drilling fluid lost during drilling;

. quantity of standing water in well and filter pack (30-percent porosity
assumed for calculation) prior to development;

. specific conductivity, temperature, turbidity, and pH measurements
taken and recorded during development after removal of each well volume
(calibration standards will be run prior to and after each day’s
operation in the field);

. screen length;
Distaeice

. depetrTrom top of well casing to top of sediment inside well, before
and after development;
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DEPARTMENT OF THE NAVY

SOUTHERN DIVISION
NAVAL FACILITIES ENGINEERING COMMAND
CHARLESTON, SC.

€7 27 7 7 7 7 T 7 7
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WELL CONSTRUCTION DETATL

WELL NUMBER:
DATE OF INSTALLATION:

1. Height of Casing above ground: .

2. Depth o first Coupling: ae..
Coupling Interval Depths:

3. Total Length of Riser Pipe:

4, Type of Riser Pipe:

§. Length of Screen:

6. Type of Screen:

1. Length of Sump. —
8. Tota! Depth of Boringg
8. Diameter of Boring: ..

10. Depth to Bottom of Screen:

it Type of Screen Fiter:

Guantity Used: Size:

12. Depth to Top of Filler:

13. Type of Seat

Guantily Usea:

14. Depth to Top of Seat ..
15. Type of Grovt:

Grout Mixture:

Method of Placement:

18. Tot. Depth of 8 in. Steel Casing:

COMMENTS ON INSTALLATION

-
FIGURE 4-2 PROJECT OPERATIONS PLAN h
WELL CONSTRUCTION DETAIL
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 940308WEM
NTC_Orl.POP
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. physical character of removed water, including changes during devel-
. opment in clarity, color, particulates, and odor;

. type, size, and capacity of pump and/or bailer used;
* height of well casing above ground surface; and
. quantity of water removed and time for removal.

This information will be documented on a Well Development Record (Figure 4-3)
and/or in the field log book. Well development will be performed using a bailer,
hand pump, air-activated surge pump, or electric-powered submersible pump.
Bailers will be used to develop wells only where the recharge rate of the well
is so slow that other development methods are clearly inappropriate. The pump
will be periodically raised and water in the piping allowed to drain back into
the hole in order to induce flow out through the well screen. A surge block may
be used, in instances where field personnel expect that development may be
improved by its use. Generally, neither water or air will be added to the well

©to aid iIn development. However, if deemed appropriate, water jetting and

simultaneous pumping may be used if the water source is known to be free from
contamination. All well development equipment will be decontaminated prior to
use in the next monitoring well (see Section 4.3). Development flulds will be
containerized and handled as described in Section 4.10.

A well is considered to be fully developed when all the following criteria are
met: ‘

. the well water is visually clear to the unaided eye and/or field
parameters of pH, specific conductance, and temperature have stabilized
to within 10 percent; and

. the total volume of water removed from the well equals five times the
standing water volume in the well (including the well screen and casing
plus saturated annulus, assuming 30 percent porosity) plus five times
the volume of drilling fluid lost.

The well must be allowed to stabilize a minimum of 24 hours after well
development before groundwater sampling.

4.4.7 Soil Gas Surveys Soil gas analysis can be performed using different
methodologies, each with unique DQOs. The methods to be used will be soil
headspace analysis, active soil gas collection, and passive soil gas collection.
The TerraProbe™ or other push-probe technology may be used for obtaining soil gas
samples at discrete intervals. Where the target soil horizon is greater than 20
feet below ground surface, a passive soil gas collection technique will be used.

Soil-gas surveys can be targeted to identify the areal extent of waste deposition
and to define areas for sample collection. Soil headspace samples and soil gas
samples may be collected and analyzed using an onsite GC. All soil gas analyses
will be performed in accordance with Level II DQOs. Soil gas sampling points
should be selected based on information about historical practices at a site and
any other information that suggests where subsurface contamination might be

expected.
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WELL DEVELOPMENT RECORD
Project: Well Instaliation Date and Time: Project No.
Client: Well Development Date and Time: Logged by: Checked by:
Well/Site I.D.: Weather: Start Date: Finish Date:
Volume of Drilling Fluid Lost {gal.} Volume of Water in Well Start Time: Finish Time:
and Filter Pack (gal.)

Instalied Depth From Top of Well Casing to Bottom of Weli:
initial Depth to Water (ft): Initial Depth to Well Bottom:
Water Level during Initial Pumping/Purging (ft):
Depth to Water at Termination of Pumping/Purging (ft): Depth to Well Bottom at Termination of Pumping/Purging (ft):

BEGINNING OF WELL DEVELOPMENT

Approximate
Time Temperature pH Conductivity Turbidity Other Pumping Rate
{gal/min.)
END OF WELL DEVELOPMENT
Notes: (inciude Physical character of removed water, type and size of pump, voiume of water removed.)
Well Developer's Signature
FIGURE 4-3 PROJECT OPERATIONS PLAN
EXAMPLE WELL DEVELOPMENT RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 94032 1WEM
NTC_Orl.POP
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Other methods for manually collecting soil gas samples include creating a %-inch
diameter hole using a manual slide-hammer sampler or other impact hammer. The
hole will be opened to a predetermined depth generally between 2 and 5 feet below
ground surface. Samples are collected using a hollow %-inch diameter stainless-
steel probe with perforations in the bottom 0.5 foot. The probe is placed in the
hole and is pushed or driven until the end of the probe is embedded approximately
0.5 foot into undisturbed soil at the bottom of the hole. Soil gas is extracted
using a portable PID or FID through a Teflon™ transfer tube attached to the
sampling probe. As soil gas is extracted from the hole, total VOC concentrations
are monitored on the PID or FID. When readings are observed to stabilize (i.e.,
measurements fluctuate by <2 ppm), the PID or FID measurement is recorded and
soil gas is collected through a septum in the transfer line, using a glass gas
syringe. The sample is transferred immediately to an onsite GC for analysis.

Passive soil gas techniques involve placement of a gas collector at a prescribed
depth. After a period of time (1 to 2 weeks), the collectors are retriewved and
analyzed for the presence of velatiles. Several types of collectors are
available. One type uses one or more adsorbents to collect VOCs. This method

‘relies on thermal or chemical desorption of VOCs in the laboratory, followed by
_analysis of the desorbed vapor. A second type of collector uses a permeable

membrane surrounding a glass sampling container. VOCs pass through the membrane
by gaseous diffusion. Upon retrieval, the vial contents are analyzed by gas
chromatography.

Sampling probes will be decontaminated before use at each sampling point by
washing with approved decontamination water. Care will be taken to ensure that
the perforations are clear of residual soil particles.

4.4.8 Ecological Surveys To identify potential receptors and exposure pathways,
ecological communities at and in the wvicinity of the POIs will be identified
through literature review, consultation with known experts in the field (i.e.,
U.S8. Fish and Wildlife Service, Florida Game and Freshwater Fish Commission
(FGFWFC), Florida Natural Heritage Program, local government, and non-profit
environmental organization sources), and review of relevant information sources
including maps and historical records. Information previously gathered regarding
ecological receptors at NTC, Orlando will be supplemented with additional data
from the information source review, and from consultation with local, State, and
Federal aquatic, wetlands, and terrestrial authorities. Existing information
sources related to flora, fauna, and ecological communities at the installation
will be reviewed and standard taxonomic sources and references will be
identified.

Following the information review, a qualitative field reconnaissance program will
be initiated to characterize aquatic, wetland, and terrestrial habitats at and
in the vicinity of selected POIs at NTC, Orlando. This qualitative field program
will involve a site walk-over by a two person team consisting of a terrestrial
biologist and wetland-aquatic specialist. Ecological receptors in the vicinity
of the POIs that could potentially be exposed to contaminated environmental media
will be identified. Any possible site-specific exposure pathways through which
ecological receptors could be exposed to contaminated media will be evaluated,
and possible signs and symptoms of stress on biological receptors at the site
will be observed.
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If necessary, a qualitative aquatic survey will be conducted to examine the
macroinvertebrate communities associated with aquatic and wetland systems at
selected POIs to determine whether or not environmental contamination from the
installation is resulting in any gross community level impacts. Depending on the
habitats present at the site, macroinvertebrate fauna will be collected with a
benthic dredge, surber sampler, aquatic dip net, and/or seine net upstream,
within, and downstream of identified sites (see Subsection 4.5.4).

A terrestrial survey will identify and verify major vegetative cover types and
dominant taxa at the various areas of concern at the installation. This will
include a qualitative walkover survey to confirm ecological habitat types, flora,
and fauna at and in the vicinity of each selected POI. Belt and/or line transect
surveys of community types in the upland and wetland communities associated with
the selected POIs will be conducted. Evidence of ecological stress in plant
species (e.g., yellowing, wilting, or insect infestations) and animal species
(e.g., disease, parasitism, death, and reduced diversity or abundance) will be
noted. Any State or federally listed rare and endangered plants encountered at
the installation will be documented:

When appropriate, habitat types present at the site, including wetlands, will be
field mapped onto existing base maps (not-surveyed-to-scale); however, no
flagging of wetlands or jurisdictional determinations regarding wetlands will be
made, unless specifically required by the Navy (see Subsection 4.4.10). When
appropriate, lists of flora and fauna encountered or expected at the site will
be generated. Observations of plants, fish, invertebrates, amphibians, reptiles,
birds, and mammals, and their sign will be noted for each habitat present and -
mapped.

If necessary, quantitative ecological programs (i.e., macroinvertebrate survey,
biomonitoring studies, small mammal trapping) will be conducted at NTC, Orlando.
Separate workplans will be prepared for any required quantitative ecological
programs. Information collected in the ecological survey will be used in risk
or threat evaluations at NTC, Orlando.

4.4.9 Public Health Surveys A public health survey will consist of site
reconnaissance, interviews, and records search to evaluate regional land use at
and in the vicinity of NTC, Orlando. Selected POIs will be studied to evaluate
current and foreseeable future land uses. During the public health survey,
populations that may come into contact with contamination and exposure pathways
through which human receptor exposure could occur will be identified. If
necessary, contacts will be made with local authorities (i.e., board of health)
and relevant files of local authorities will be reviewed. Information collected
in the public health survey will be used in risk or threat evaluations at NTC,
Orlando.

4.4.10 Wetlands Delineation If required by the Navy, wetlands will be delineated
at selected POIs at NTC, Orlando. The primary objective of this task will be to
identify and delineate wetlands in the known contaminated regions at selected
POIs. Wetlands at these selected POIs will be identified and delineated in
accordance with applicable Federal and State guidelines, rules, and regulations.

The Florida wetlands boundary will be defined according to Chapter "17-301,
Florida Administrative Code, and the FDEP (formerly Florida Department of
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Environmental Regulation [FDER]) regulations on Surface Waters of the State.
These regulations state that: :

"The line demarcating the landward extent of surface waters, as defined by
Section 403.031, F.5., shall be established for any water body, pursuant to
Section 403.817, F.S., by dominant plant species. Dominance shall be
determined in a plant stratum (canopy, sub-canopy, or ground cover). The
canopy is composed of all woody plants with a trunk 4 inches or greater in
diameter at breast height (dbh). DBH is measured at 4.5 feet above the
ground. The subcanopy is composed of all woody plants with a trunk or stem
and between 1 and 4 inches and a height greater than 3 feet. The ground
cover includes all other plants...”

If required, the Federal wetlands boundary will be determined using criteria for
hydric soils, hydrophytic vegetation, and wetland hydrology as provided in the

- 1987 U.S. Army Corps of Engineers (USACE) Wetlands Delineation Manual (Environ-

mental Laboratory, 1987). This manual presents technical guidance for
identifying wetlands and for distinguishing wetlands from aquatic habitats and
other non-wetlands.

When required, wetland and upland boundary stations will be flagged with orange
surveyor's flagging or staked with surveyor’'s pin flags.

4.5 SAMPLING TECHNIQUES. The procedures described in the following subsections
of Section 4.5 will govern the collection of samples. Additional detail
regarding sample collection methods is described in the CLEAN Operations CompQAP
(ABB-ES, 1993) and USEPA Region IV ECBSOPQAM (USEPA, 1991c).

4.5.1 General Soil Sampling Methodology The soil sampling program at NTC,
Orlando has been developed to define the location, nature, and concentration of
contaminants in surface and subsurface soils at the site. Development of a soil
sampling plan to evaluate the distribution and magnitude of contamination at a
specific site requires at a minimum:

. an assessment of the site conditions, including site topography and
surface drainage;

. evaluation of site waste disposal practices;
. consideration of site soil types, geology, and hydrogeology;

. evaluation of the methodology and results of any previous sampling and
analysis programs that may have been completed at the site; and

. definition of the scope and objectives of the project.

A number of techniques have been developed to obtain samples from various depths
below the ground surface. The techniques described herein have been selected to
provide a practical and efficient means of obtaining samples in a manner
consistent with safety protocols and QA/QC requirements. Additionally, they
employ equipment that is normally available for use.
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The selection of sampling techniques to be employed at a given site is based upon
the depth from which samples must be obtained, the types of exploration, and/or
the nature of the soils to be sampled. The sampling techniques are categorized
by the depths or the types of explorations from which they are obtained:

. shallow soil samples, from depths of less than approximately 5 feet,
usually less than 2 feet (surface soil is defined as samples from the
0- to 1l-foot interval);

. test pit samples from depths up to approximately 15 feet;

. subsurface soil samples from test borings and TerraProbe™ explorations
at variable depths; and

. sediment samples from depths of less than 6 inches.
Maintaining proper records is an important aspect of sample collection. All soil
samples collected will be logged in the field at the time of sampling by the
field geologist. Soils will be classified in accordance with the USCS. Soil
samples will be described fully on the appropriate sampling 1logs. The
descriptions for intact samples (e.g., undisturbed split spoons or test pit
walls) will include the following parameters:

. general description;

. USCS symbol;

. secondary components and estimated percentages;

. color;

. plasticity;

» . consistency and density;

. relative moisture content;

. texture, fabric, and bedding;

. grain angularity; and

. depositional environment or formation (unit) name, if appropriate.
If disturbed samples must be described (e.g., auger flight samples, wash samples,
or backhoe bucket samples), the parameters outlined above will be used to the
extent practical. In general, a substantially reduced level of detail will be
appropriate for disturbed samples.
If required, soil pH will be measured in the field and will be recorded on the
Sample Data Sheet. A minimum of approximately 25 grams of soil will be placed
in a clean glass jar or beaker. An approximately equal volume of organic free
water will be added to the soil. The mixture will be vigorously stirred or

shaken and then allowed to stand for approximately 1 minute before measurement.
Soil pH will be measured with a calibrated pH meter or with pH paper.
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Measurements will be made within 24 hours after sample collection, and as soon
after collection as practical.

4.5.1.1 Surface Soil Sampling Soil samples will be collected to determine the
nature and extent of near-surface contamination. For the NTC, Orlando program,
surface soil is defined as soil from the 0- to 1-foot interval. Where
appropriate, surface soil samples will be based on a sampling grid established
in the field. A grid system will be laid out within the POI. Grid systems will
be established by staking the corners of each individual grid block and labeling
the stake with the appropriate distance from the origin. Right-angle prisms may
be used to facilitate grid set-up. Origin points for grids will be determined
in the field, and recorded in the field notebook. A compass and 200-foot cloth
tape will be used in the grid setup to ensure that stakes are located along
straight lines and that the lines are perpendicular. The 200-foot cloth tape
will be used to locate the stakes at the proper distances from one another. The
stakes will be appropriately marked and flagged.

 Surface soil samples will be collected using a decontaminated stainless-steel
- trowel, hand auger, tulip bulb planter, or stainless-steel spoon. Stones and

vegetation will be carefully removed from the sampling location surface; these
materials will also be removed from the sample prior to laboratory analysis. The
soil will be mixed prior to filling sample containers, with the exception of
containers for volatiles. These containers will be filled first, prior to
blending, to minimize loss of volatile constituents. The soil samples will be
placed in pre-labeled sample jars and sent for laboratory analysis. Appropriate
sample containers are described in Section 4.2. Information regarding sample
location, depth, and character will be recorded on a Surface Soil Sample Record
(Figure 4-4) and/or the bound field logbook. Further data and some of the

preliminary COC information will be recorded on the Surface Soil Sample Field

Data Record (Figure 4-5) and/or the bound field logbook.

Surface soil samples from any ditches, swales, or trenches will typically be
collected from the center line of the ditch and in sequence from the least to the
most contaminated point. Surface soil samples collected from any spill or
release areas will typically be collected from the outer extremities of the
stained area towards the heavily contaminated area.

In the event that it 1s necessary to remove asphalt to collect the sample, a
pickaxe or jackhammer may be used. All sampling and asphalt-removal equipment
will be decontaminated between sample collections as described in Section 4.3.

4.5.1.2 Test Pit Sampling To sample the test pit from the ground surface, two
methods may be used. The method will be selected in the field at the time the
test pit is sampled.

. Samples can be obtained from the backhoe bucket. The sampler or work
site geologist will direct the backhoe operator to remove material from
the selected depth or location within the test pit. The bucket will be
brought to the surface and moved away from the pit. The sampler will
approach the bucket and monitor its contents with the FID or PID and
record the reading in the log. If granular or loose soils and/or
uniform materials are encountered, the sample will be obtained directly
from the bucket. The sample will be collected from the center of the
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Point of Interest

SURFACE SOIL SAMPLING RECORD ‘
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SURFACE SOIL SAMPLE FIELD DATA RECORD

Project: Site:

Project Number: Date:

Sample Location ID; .

Time: Start: End: Signature of Sampler:

SOIL SAMPLE EQUIPMENT USED FOR COLLECTION:  DECONTAMINATION FLUIDS USED:
{ ]HAND AUGER s ALL USED
{ 1S.8. 8PUT SPOON [ JETHYL ALCOHOL
[ 1SHOVEL [ ]25% METHANOL/ 75% ASTM TYPE Il WATER
DEPTH OF SAMPLE [ }HAND SPOON { ]DEIONIZED WATER
[ JALUMINGM PANS { JUQUINOX SOLUTION
[ ]SS BUCKET [ }JHEXANE
{1} { ]HNO 3 SOLUTION
[ JPOTABLE WATER
TYPE OF SAMPLE COLLECTED: [ INONE
[ ]DISCRETE
[ JCOMPCSTE SOIL TYPE:
[ JCLAY
SAMPLE OZSERVATIONS: [ JSAND
{ JODOR i }JORGANIC
{ %coLoa [ JGRAVEL
FIELD GC DATA:| } FIELD DUPLICATE COLLECTED SAMPLE LOCATION SKETCH:
DUPUICATE ID [ JYES
{ INO
SAMPLES COLLECTED
MATRIX
e £
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bucket and placed in sample jars using a clean trowel or spatula.
Appropriate sample containers will be used as described in Section 4.2,

If cohesive soils or multiphase conditions are encountered (e.g., the
bucket contains a mixture of soil and sludge) so that obtaining a
sample from the bucket is not practical, the sampler may direct the
backhoe operator to empty the bucket onto the ground. The sampler will
then obtain the sample from the interior of soil clods or lumps of
sludge using a clean trowel or spatula.

. Samples can be obtained directly from the test pit. This is necessary
when soil conditions preclude obtaining suitable samples from the
backhoe bucket (e.g., caving or excessive mixing of soils or wastes
within the test pit) or when samples from relatively small discrete
zones within the test pit are required. In these circumstances,
samples will be obtained by means of extendable handle tools:
scrapers, trowels, spoons, or cups. The face of the test pit will be
scraped to remove the smeared zone that has contacted the backhoe
bucket. The material to be sampled, if a solid, will then be removed
from the test pit wall by means of long handled scoops or trowels.

4.5.1.3 Subsurface Soil Sampling Sampling procedures for obtaining subsurface
soil samples for the different drilling techniques are presented in the following
subsections.

Soil Test Borings. The field geologist will collect soil samples for physical
and analytical testing and geologic classification at predetermined boring
locations. The soil samples will be collected from pre-determined sampling
intervals or whenever subsurface conditions warrant. The latter condition will
be determined by the field geologist.

The samples for laboratory analysis will generally be collected using a 3-inch
outside diameter (OD) by 24-inch long split spoon that is driven with a 300 pound
hammer. If necessary, a thin-walled tube sampler or solid wall sampler in
conjunction with direct push technology will be used for sample collection.

Samples collected for geologic classification will be collected in accordance
with American Standards and Test Methods (ASTM) D-1586 Standard Penetration
Testing using a 2-inch OD by 24-inch long split-spoon sampler driven with a 140
pound hammer. The collection of the samples will be in accordance with the
following procedures.

+ The appropriate number and type of laboratory-cleaned samples bottles
will be available for use at the boring location. Refer to Section 4.2
for a summary of bottle requirements.

. Sample labels will be placed on the sample bottles prior to, or at the
time of sample collection. The sample labels will be filled out using
waterproof, permanent ink and will include sample identification,
location, date and time, as well as the initials of the sampler and the
analysis to be performed. Clear plastic tape will be placed around the
sample label to ensure its integrity.
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. The split spoon will be advanced ahead of the auger at the appropriate
depth using the 140 pound hammer. Blow counts will be recorded by the
inspecting geologist for every 6 inches the split spoon is advanced.

. The driller will remove the split spoon from the borehole and unscrew
the ends, slowly and carefully opening the split spoon as the in-
specting geologist monitors the sample with an ambient air monitoring
device. The geologist will quickly collect and place the sample in the
appropriate jars using a clean stainless-steel spatula. During this
process, the geologist will note lithologic changes observed in the
sample. The boring lithology will be recorded on a Soil Boring Log
(Figure 4-6) and/or the bound field logbook. Soil boring logs will be
transmitted to the Navy upon completion of the written report.

-+ The split spoons and stainless-steel sampling trowels will be decon-
taminated between samples using procedures outlined in Section 4.3.

TerraProbe™ Sampling. The TerraProbe™ sampling system will be used to obtain
discrete soil, groundwater, or soil gas samples that can be screened with an FID
or PID, onsite field GC, and/or submitted for laboratory analysis to determine
the presence or absence of contaminants in unsaturated soils. The TerraProbe™
system is described in Section 4.4.5. Samples will be collected and documented,
employing the procedure outlined below.

. Following removal of the assembly from the hole, the sample will be
extracted and placed within the appropriate sample bottles.

+  The appropriate number and type of ianratory-cleaned sample bottles
will be available for use at the boring location. Refer to Section 4.2
for a summary of the bottle requirements.

. If additional soil volume is required, then the procedure will be
repeated at a depth immediately beneath the previous sample.

. Sample labels will be placed on the sample bottles prior to, or at the
time of sample collection. The sample labels will be filled out using
waterproof, permanent ink and will include sample identification,
location, date and time, initials of the sampler, and analysis to be
performed. Clear plastic tape will be placed around the sample to
ensure its integrity.

Immediately after the TerraProbe™ samples are collected, all labeled vials and
jars will be checked for completeness and COC procedures will be initiated.
TerraProbe™ explorations will be documented on the field data record (Figure 4-7)
and/or in the bound field logbook. Field laboratory analyses are described in
Section 4.6,

Shelby Tube Sampling. Collecting and transporting soil samples in a nearly
"undisturbed" state is required for certain treatability, hydraulic, and
geotechnical tests. It 1is recognized that this cannot be done without some
degree of sample disturbance, but care will be taken to minimize disturbance.

Shelby tube sampling is a common method of "undisturbed sampling.” As applied
herein, Shelby tube sampler refers to any open-drive sampler consisting of thin-
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FIELD INVESTIGATION DATARECORD TERRAFPROBE SOIL/WATER SYSTEM
Project
Point of Interest
Sample ID Matrix Date  Time Depth Collection Method
O Water J Inches Q1 Soii Probe
Q Saii Q Surface Scil
Q Sediment O Feet Q Bail for Water
Observations (Texturs, Coier, Odor, Eiz) Sample Collected for:
Q Laboratory Analysis
QO Field Analysis
Sample ID Matrix Date Time Depth Collection Method
O Water Qinches| 9 Scil Probe
Q Seil Q Surtace Soit
Q Sediment QFeet | S Bail for Water
Observations (Texturs, Color, Odor, Etc.) Sample Collected for:
Q Laberatory Analysis
Q Field Analysis
Sample ID Matrix Date Time Depth  Collection Method
Q Water Qlnches| O Soil Probe
Q Soil Q Surface Soil
Q Sediment OFeet | S Bail for Water
- Observations (Texurs, Color, Oder, Etz.) Sample Collected for:
Q Laboratory Analysis
Q Field Analysis
Sampie ID Matrix Date Time Depth __ Collection Method
Q water Qinches] O Soil Probe
Q Soil Q Surface Soil
Q Sediment QFest | O Bail for Water
Observations (Texwre, Color, Oder, Etc.) Sample Collected for:
Q Laboratory Analysis
Q Field Analysis
Signature Date / /
FIGURE 47 PROJECT OPERATIONS PLAN
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walled seamless steel tubing with a sharp and drawn-in cutting edge, that can be
connected to a sampler head or adaptor conmtaining a check valve and vents for
escape of air and water. (Thin-walled refers to a wall thickness typically less
than 2.5 percent of the diameter of the sampler.) Shelby tubes are disposable
samplers that are used for sample collection and transportation, and typically
for testing as well.

Whenever possible, the Shelby tube will be forced into the soil by rapid,
uninterrupted pushing. A heavy drop hammer will be used where pushing provides
insufficient penetration. In both cases, care will be taken to minimize inter-
ruptions during sampler penetration and to eliminate rotation of the sampler.
Total penetration should not exceed the net length of the sampler (i.e., the
sampler should not be underdriven or overdriven).

To allow full development of adhesion and friction between the sample and the
sample tube, it is helpful to wait 10 to 20 minutes before beginning sample
withdrawal. The drill rods should be rotated through two or three full
revolutions to separate the sample from the subsoil, immediately after which the
sampler should be withdrawn slowly and smoothly.

The Shelby tube will be marked with the sample ID and date and with an indication
of which end of the tube is the stratigraphic top. Aluminum foil will be placed
against the soil at both ends of the tube; bubble-wrap or other suitable
cushioning material will be inserted between the foil and the end of the tube (if
the sample does not entirely £ill the tube), and plastic caps will be secured by
tape over both ends of the tube. Wax seals may be used only if provisions are
made to prevent contact between the wax and the soil. The samples will be kept
upright at all times.

Shelby tube samples will be stored and transported in a framework that supports
them in an upright position and cushions them from vibrations.

- 4.5.1.4 Geotechnical Testing Samples will be obtained from selected borings for
geotechnical laboratory testing. The purpose of geotechnical testing will be to
verify field soil classifications and to support the characterization of geologic
units encountered during the field investigation. Specific tests may include,
Atterberg limits, particle size analysis, and visual-manual description of soils.
This section describes sample collection and standard geotechnical testing to be
performed.

The test methods to be used do not require "undisturbed" samples; therefore,
special drilling procedures to limit sample disturbance will not be necessary.
The primary method for obtaining geotechnical test samples will be with split
spoons driven in accordance with the Standard Penetration Test procedure (see
Paragraph 4.5.1.3). Shallow test pit sampling and/or other sampling techniques
may also be employed. Immediately after opening the split spoon, an FID or PID
reading will be obtained from the sample and recorded on the boring log.
Following field identification and logging of the sample, a representative
portion will be selected and placed in a clean, standard 12-ounce reference jar.
A minimum sample size of 8 ounces will be obtained for all three types of
geotechnical tests to be performed. A label will be fixed to the side of each
jar that shows plainly, the project number, the boring and sample numbérs, the
depth of the sample below ground surface and the number of blows for each 6
inches of penetration or fraction thereof. FID or PID readings shall be obtained
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within the sample jar (head space), 1 to 2 hours after placement in the jar and
recorded on the jar label and the borlng log.

Soil Jars will be tlghtly closed to minimize moisture loss and to protect from
freezing. No other sample preservation requirements will be necessary. The
samples will be shipped to the geotechnical laboratory with appropriate packing
to prevent damage during shipment. Field boring logs will be sent to the
laboratory along with the instructions for testing for each sample. Upon

~completion of the testing, the geotechnical laboratory will ship back to

Consultant the unused or residual portions of the samples. The Consultant will
dispose of the residual material within one drill cutting drum used during the

field 1nvest1gatlon

All geotechnlcal testlng w1ll be performed in accordance with ASTM standard
procedures. Atterberg limit tests (ASTM D&318) will generally be performed on

soils exhibiting some degree of plasticity (i.e. clays and silts). Particle
size analyses (ASTM D422) will generally be performed on granular soils or soils
with appreciable amounts of sand and gravel material. Visual soil classification
will be performed on selected samples of cohesive and granular soils. The
classifications will be performed in accordance with ASTM D2488, Standard
Practice for Description and Identification of Soils, Visual Manual Procedure.
The determination of samples to be tested will be made in the field by the field
geologist.
4.5.2 General Water Sampling Methodology The water sampling program at NTC,
Orlando has been developed to define the location, nature, and concentration of -
contaminants in site surface water and groundwater. The location and distribu-
tion of contaminants at a given site are governed by many factors, including:

. site operation or waste disposal practices,

. site design,

. site closure,

. waste characteristics,

. site topography and surface drainage,

. flow rate,

. climate, and

. site hydrogeology.

Development of a water sampling plan that will effectively reveal the distri-
bution and magnitude of contamination at a specific site requires:

. an assessment of the factors listed above,

. an evaluation of the methodology and results of any previous sampling
and analysis program completed at the site, and

. a definition of the scope and objectives of the project.
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4.5.2.1 Surface Water Sampling Surface water is defined as water that flows
over or rests on land and is open to the atmosphere. Surface water samples may
be collected from streams, ponds, lakes, and ditches at NTC, Orlando to determine
the extent of contaminant migration via surface water and runoff. Sampling will
begin at the location farthest downstream and proceed upstream.

Each surface water sample will be collected in the following manner.

1. The sampler will collect the sample from the surface water body by
immersing a sample collection device, or sample bottle, below the
surface of the water to avoid collecting floating debris. If the
surface water sample is collected from a moving water body, the
inverted collection container will be turned upright and pointed
upstream. The sampling equipment and the individual collecting the
sample should always be positioned downstream of the sampling location.
For surface-water sampling from specific depths in the water column,
samples will be collected using a Teflon™ bailer; a submersible pump
and tubing; a specialized sampling device such as a Van Dorn, Kemmerer,
or Nansen bottle; or other suitable device. Reusable samplers will be
decontaminated with approved decontamination water before each
successive sample is collected. The sample will be collected from a
location in the water body that is, in the judgment of the sampler,
well mixed and, therefore, representative of the water body. Water
samples to be analyzed for dissolved inorganic compounds will be pumped
through a 0.45-micron, high capacity, inline disposable filter.

2. The appropriate sample containers, as outlined in Section 4.2, will be
directly filled from the sampling device if needed. Pre-preserved
containers will not be used as surface water collection containers. If
samples must be preserved, the preservative will be added to the
container after the sample is collected. For VOC samples, free air
bubbles adhering to the sides of the sample container will be removed
prior to capping. If possible, VOC samples will be capped under water.

3. The sampler will measure the following parameters, if possible, in the
water body, not the sample:

. PID or FID reading, above the water;

. temperature;
. pH;
. specific conductance; and

. any other site-specific field measurements required.

If direct measurement is not possible, the sampler will measure these
parameters from water remaining in the sampling device or another
sample bottle. This information will be recorded on the sample data
recoxrd, sample labels will be completed, and COC procedures will be
initiated.
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4. The sampler will complete a Surface Water and Sediment Sample Field
~Data Record (Figure 4-8) or record the information in the bound field
" logbook.

At surface-water sampling locations where surface water may not be present at the
time of sampling, sumps may be dug for collecting samples of shallow groundwater.
Sumps will be dug by hand to below the water table, and the sumps will be left
to stabilize for at least 24 hours before sample collection. During the period
before sampling, the sumps will be covered to minimize the introduction of
surface soil and debris. Samples will be collected by direct immersion of sample
containers. If the sump is too deep for direct immersion, stainless-steel or
Teflon™ sampling equipment may be used to collect and transfer the water to the

. sample containers. Digging tools and sampling equipment will be decontaminated
i prior to each use, as described in Section 4.3. ~

4.5.2.2 Groundwater Sampling The groundwater sampling of all monitoring wells
(or, under special circumstances, well points) will be conducted to delineate the
distribution of chemicals and to quantify, to the extent possible, the chemicals
in the aquifer(s) underlying the POIs. The products of monitoring well sampling
are as follows:

. groundwater samples from each well;

. measurements of specific conductance, temperature, turbidity, and pH;
and :

. depth to static water level at each new, and designated existing, well.

‘The purging and sémﬁliﬁg’téchniques outlined below help to ensure the collection

of representative groundwater samples.

Sampling Preparation Activities. Groundwater sampling equipment will be
decontaminated prior to use in accordance with the procedures outlined in
Section 4.3. Calibration of the sampling equipment will be in accordance with
the manufacturers’ suggested procedures and will be completed prior to each day’s
sampling activities. Daily instrument calibration data will be recorded on a
Field Instrumentation Quality Assurance Record (Figure 4-9) or in the bound field
logbook.

Groundwater samples will be collected from each monitoring well using one of the
procedures described in the following paragraphs. Data generated during ground-
water sampling will be recorded on the Groundwater Sample Field Data Record
(Figure 4-10) or in the bound field logbook. Groundwater Sample Data Records
will be submitted to the Navy upon completion of the written report.

Sampling of groundwater wells will proceed from the upgradient (background) wells
to the downgradient (contaminated) wells as best as can be determined, based on
existing data.

Pre-purging Activities. The following activities will be performed immediately
prior to purging each well. These activities will be conducted regardless of the
sampling method used.

1. Check the well for proper identification and location.
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SURFACE WATER AND SEDIMENT SAMPLE FIELD DATA RECORD
Project: Site:
Project Number: Date:
Sample Location ID:
Time: Start: End: Signature of Sampler:
SURFACE WATER INFORMATION TYPE OF SURFACE WATER; | 'DECONTAMINATION FLUIDS USED:
[ ]STREAM [ JRIVER ¢ ALLUSED
[ JPONDLAKE [ }SEEP { ]ETHYL ALCOHOL
{ ]25% METHANOU 75% ASTM TYPE it WATER
WATER OEPTH AND SAMPLE LOCATION e (% { ] DEIONIZED WATER
[ 1uaumgx SOLUTION
EQUIPMENT USED FOR COLLECTION: [ JHEXAN
DEPTH OF SAMPLE NTO BOTT! : MNO 3 SOLUTION
FROM TOP OF WATER " f } o o en_ L& E % POTABLE WATER
[ }PUMP { INONE
VELOCITY MEASUREMENTS OBTAINED?{ ] YES, SEE FLOW MEASUREMENT DATA RECORD
TEMPERATURE . : — Deg. C. SPEC.COND pmh pH Units  DISS. O, pem
FIELD GC DATA:[ ] FIELD DUPLICATE COLLECTED SAMPLE LOCATION SKETCH: METHOO USED:
DUPLICATE ID [ 1YES { JWINKLER
[ INO { }PROSE
SEDIMENT INFORMATION EQUIPMENT USED FOR COLLECTION:  DECONTAMINATION FLUIDS USED:
{ ] GRAVITY CORER ¢ ALLUSED L
{ ]5.5.SPUT SPOON ETHYL ALCOHOL
{ }DREDGE 25% METHANOU 75% ASTM TYPE Il WATER
DEPTH OF SEDIMENT SAMPLE (M [ ]HAND SPOON DEIONIZED WATER
{ JALUMINUM PANS UGUINGX SOLUTION
[ ]SS BUCKET HEXANE
[} HNO 3 SOLUTION
POTABLE WATER
TYPE OF SAMPLE COLLECTED: NONE
[ ]1DISCAETE
[ } COMPOSITE SEDIMENT TYPE:
CLay
SAMPLE OBSEAVATIONS: SAND
[ JODOA ORGANIC
E }COLOR ] GRAVEL
FIELD GC DATA:{ ] FIELD DUPLICATE COLLECTED
DUPLICATE 1D
SAMPLES COLLECTED
MATRIX
rmgme g
LOCATION gg é zvmwﬂa n\;gwn 7 T SAMPLE SAVIPLE BOTTLE [0S
{1 {1} [1] {1 {1 ! ! /.
{] [} {] {1 {1 /. J /
[ [} i1 {) —_— {1 !, ! !
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FIELD INSTRUMENTATION & MATERIAL QUALITY ASSURANCE RECORD
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GROUNDWATER SAMPLE FIELD DATA
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2. Measure and record the height of protective casing.

3. After unlocking the well and removing any well caps, measure and record
the ambient and well-mouth organic vapor levels using the FID or PID.
If the ambient air quality at breathing level reaches 5 ppm, the
sampler will use the appropriate safety equipment as described in the
HASP,

4. Measure and record the distance between the top of the well casing and
the top of the protective casing.

5. Using the electronic water level meter, measure and record the static
water level from the reference point to an accuracy of 0.01 foot. Upon
removing the water level wire, rinse it with water from an approved
water source.

6. Inspect the well head for any signs of forced entry which could
invalidate the sampling data.

Groundwater purging and sampling may be completed using one of several methods.
Two methods, referred to herein as the standard method and the low-flow method,
are described below. The standard method has been widely used and accepted for
many years. The low-flow method has developed out of a decade of research
supported by USEPA and others (e.g., Puls and Powell, 1992), which indicates that
excess disturbance of formation water during well purging and sampling
potentially compromises data quality. Use of a low-flow purge and sample method
is becoming increasingly commonplace and has been adopted as a standard procedure
by some regulatory agencies (e.g., USEPA, 1993). Both sampling and purging
methods are described below. Selection of a groundwater sampling method will be
made on a case-by-case basis and specified in the appropriate workplans.

Purging and Sample Collection, Standard Method. Wells will be purged prior to
sampling of groundwater to remove stagnant water so that a representative sample
can be collected. The following steps outline the purging and sample collection
activities using pumps and bailers.

1. The sampler will{) calculate the volume to be purged, assuming a total
of three to five well volumes. Well volume includes the volume of
standing water in the well, plus the volume of water in the filter pack
(assume 30 percent porosity).

2. 1In all shallow water table wells, the sampler will lower a submersible
pump intake to just below the top of the water column and begin purging
three to five well volumes. The pump intake will not be lowered below
the top of the well screen. If the well screen is dewatered, air may
enter the formation, altering the chemistry of the aquifer.

3. In all deep aquifer wells, the sampler will place the pump intake at
the static water level and begin purging three to five well volumes.
The pump intake will not be lowered below the top of the well screen.
In both water table and deep aquifer wells, low permeability formations
may require the pumping rate to be reduced to allow continuous pumping.
In this situation, the pumping rate will be reduced to allow the five-
volume purge without depressing the water level drastically. If the

NTC_Orl.POP
MVL.07.94 4-51




Chapter No._4 , Revision No._0
Date July 13, 1994 , Page 52 of 70

pumped flow rate drops below 1 gallon per minute, modifications to the
- standard purging procedures may be necessary.

4. Purging is considered complete when three to five well volumes have.

been purged and when the in-situ parameters (pH, specific conductance,
turbidity, and temperature) vary by less than approximately 10 percent.
For wells in low permeability locations (i.e., less than 1 gallon per
minute recharge), the well will be purged of one volume and then
sampled. Purging of less than five volumes, and sampling before
stabilization of in-situ parameters, will only be done with prior
approval of the ABB-ES onsite geologist or if the well purges dry.

5. The sampler will record the in-situ parameters (pH, specific conduc-
tance, turbidity, and temperature), once for every volume purged, on a
Groundwater Sample Field Data Record (Figure 4-10) or in the bound
field logbook. Redox potential may be monitored and recorded at the
completion of purging activities.

6. After purging and pump removal, the sampler will lower a Teflon™,
stainless-steel, or polypropylene bailer to the middle of the screened
interval or midpoint of the static water level.

7. The sampler will collect the sample(s) in appropriate containers as
listed in Section 4.2. Samples will be placed directly from the bailer
into the appropriate containers. VOC sample containers will be filled
with as little agitation as possible. Water samples to be analyzed for
dissolved inorganic compounds will be pumped through a 0.45-micron,
high capacity, inline disposable filter. Sample preservation methods
are discussed in Section 4.2, ‘

8. The pump assembly and bailer will be removed from the well.

9. Using the electronic water level meter, measure and record the static
water level from the reference point and the depth of the well to an
accuracy of 0.01 foot. Rinse the water level wire with water from an
approved source.

10. The sampler will record sampling data on a Groundwater Sample Field
Data Record (Figure 4-10) or the bound field logbook. ‘

11. The well cap and lock will be secured.

12. Pumps and discharge lines used to purge the monitoring wells will be
decontaminated between wells, as described in Section 4.3.

Purging and Sample Collection, Low-flow Method. Collection of groundwater
samples from monitoring wells is required to characterize the nature and extent
of contamination. Because of concerns about turbidity in the wells and the
effects on metals sampling results, the low-flow purge and sample method may be
used,

The low-flow method creates less disturbance and agitation in the well;
therefore, excess turbidity is not generated during the purging and sampling
process. The result is a more rapid stabilization of turbidity and other
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parameters (pH, temperature, specific conductivity, dissolved oxygen, and@iﬂ and
a sample more representative of conditions in the formation is collected.

The low-flow purge and sample method consists using a submersible or peristaltic
pump to purge the well at a very low flow rate (less than 1 liter per minute
[£/min]). The pump intake is set approximately in the middle of the well screen,
with a stagnant water column over the top of the pump. The well is purged at the
low-flow rate until the field parameters (temperature, pH, specific conductance,
turbidity, dissolved oxygen, and Eh) have stabilized. The sample is then
~collected directly from the pump discharge at a low-flow rate. The following
steps outline the purging and sampling activities.

1. The sampler will attach and secure the Teflon™-lined polyethylene tubing to
the low-flow submersible or peristaltic pump. As the pump is slowly
lowered into the well, secure the safety drop cable, tubing, and electrical
lines to each other using nylon stay-ties placed approximate 5 feet apart.

2. The pump should be set at approximately the middle of the screen. Be
careful not to place the pump intake less than 2 feet above the bottom of
the well as this may cause mobilization of any sediment present in the
bottom of the well. Start pumping the well at less than 1 2/min.

3. The water level in the well should be monitored during pumping and,
ideally, the pump rate should equal the well recharge rate with little or
no water level drawdown in the well (the water level should stabilize for
the pumping rate). There should be at least 1 foot of water over the pump
intake so there is no risk of the pump suction being broken or entrainment
of air in the sample. Record the pumping rate adjustments and depth(s) to
water in the logbook. If the recharge rate of the well is very low and the
well is purged dry, then wait until the well has recharged to a sufficient
level and collect the appropriate volume of sample with the pump.

4, The well should be purged at a low-flow rate (less than 1 £/min). During
purging, monitor the field parameters (temperature, pH, turbidity, specific
conductance, dissolved oxygen, and Eh) approximately every 3 to 5 minutes
(or as often as practical) until the parameters have stabilized to within
10 percent (plus or minus 5 percent) over a minimum of three readings.
Turbidity and dissolved oxygen are typically the last parameters to
stabilize. Note: once turbidity readings get below seven nephelometric
turbidity units (NTUs), then the stabilization range can be amended to 20
percent (plus or minus 10 percent) over a minimum of three readings.

5. The sampler will record the in-situ parameters (pH, temperature, specific
conductance, turbidity, dissolved oxygen, and Eh), along with the
corresponding volume purged, on a Groundwater Sample Field Data Record
(Figure 4-10) or in a bound field logbook.

6. Once the field parameters have stabilized, the sampler will collect the
samples directly from the end of the tubing. The bottles should be
preserved and filled according to the procedures specified in Section 4.2.
All sample bottles should be filled by allowing the pump discharge to flow
gently down the inside of the bottle with minimal turbulence. Cap each
bottle as it is filled. Volatiles and analytes that degrade by aeration
must be collected next. Volatile samples will be collected by shutting off

NTC_Orl.POP
MVL.07.94 4-53

-



wuapici ivO._4_, KRevision No.__0

Date July 13, 1994 , Page 54 of 70

the pump, disconnecting the tubing, holding a thumb over the end of the
tubing, and withdrawing the tubing from the well. The sample containers
will be filled by removing the thumb and allowing groundwater toc flow, by
gravity, into the containers containing preservatives.

7. Filtered samples should be collected for approximately 10 percent of the
wells sampled using the low-flow method for which metals analyses will be
" conducted. The remaining wells will only have unfiltered metals samples
analyzed. The filtered metals samples will be collected by pumping the
sample through a high-capacity, 0.45 micron, inline filter and collecting
the filtrate in an appropriate sample container (Section 4.2). Document

all field procedures used and any pertinent field observations.

8. Samples will be preserved, labeled, and placed immediately into a cooler
and maintained at 4 degrees Celsius (°C) throughout the sampling and
transportation period. Samples should be labeled, recorded on the COC, and
shipped according to the procedures specified elsewhere in Chapter 4.0.

9. The pump assembly should be carefully removed from the well. The Teflon™-
lined polyethylene tubing will be dedicated to each well, wherever
possible. The tubing should be placed in a large plastic garbage bag,
sealed, and labeled with the appropriate well identification number. The
tubing will be stored onsite until the next round of sampling. The pump
and discharge lines will be decontaminated between wells as described in
Section 4.3,

10. The sampler will measure and record the static water level from the
reference point and the total depth of the well, using an electronic water
level meter. Rinse the water level wire with water from an approved
source.

11. The sampler will record all sampling information on a Groundwater Sampling
Record (Figure 4-10) or in a bound field logbook.

12. The sampler will secure the well cap and lock.

4.5.3 General Sediment Sampling Methodology Sediment samples will generally be

collected in conjunction with surface water samples to help define partitioning
of chemicals between the sediment and water. The shape, flow pattern,
bathymetry, and water circulation patterns must all be considered when selecting

sediment sampling sites. Sediment samples will be preferentially collected from ~°

depositional areas, rather than areas with net erosional losses. In areas with
moving water, sediments will be collected from downstream locations prior to
upstream locations.

All sediment sample locations will be noted on a base plan or aerial photograph
and marked in the field with flagging and a 4-foot wooden stake or temporary
buoy. The stake will be labeled with an identification number.

When both water and sediment samples are to be collected at a given sampling
location, the water samples will be collected prior to the sediment sample The
sediment samples will be collected in the followxng manner.
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1. The sampler will select the sample location, identify it on a site map
or aerial photograph, and set the wooden stake, as close as practica-
ble, onshore. For offshore sampling locations, temporary buoys may be
set. Sediment samples will be collected from depositional areas.

2. Sampling devices include scoop samplers, core samplers, gravity corers,
and dredge samplers. A gravity corer, stainless-steel spoon, or dredge
will generally be used to collect river and pond samples. If the water
is shallow enough, the gravity corer will be pushed directly into the
substrate until approximately 1 inch (25 centimeters) or less of the
core is above the sediment-water interface. If the substrate is hard
or coarse, the corer will be gently rotated while it is pushed to
facilitate greater penetration, and reduce core compaction. The corer
or spoon will be gently removed from the sediment to avoid losing the
sample, and raised to the surface so the sample may be retrieved.
Dredges will generally be used when samples cannot be obtained with
coring devices. Three major types of dredges may be used at NTC,
Orlando: Peterson, Ekman, and Ponar dredges.

3. For collection of sediment samples beneath deep water and/or where
recovery of sediment and substrate is intended, a vibratory coring
system may be employed from a boat or floating platform. The system
will use a high frequency vibratory drive. Sediment-substrate core
will be collected in a core tube with a butyrate, acrylic, or poly-
ethylene liner. The sediment core and liner will be removed from the
core tube and will be logged by a geologist on a Sediment Core Log
(Figure 4-11) or the bound field logbook.

4, Sediment sampling information will be recorded on a Surface Water and
Sediment Field Data Record and COC procedures will be initiated
(Figure 4-9).

A minimum of 500 grams of sediment will be collected at each location for
chemical analysis. Sediment samples will be collected from the saturated zone
using a stainless-steel spoon or auger. Digging tools and sampling equipment
will be decontaminated prior to each use, as described in Subsection 4.3.3.

4.5.4 Aguatic Macroinvertebrate Sampling Sampling of aquatic macroinvertebrates
is conducted to determine the presence or absence, population density, and

taxonomic diversity of macroinvertebrate fauna; to perform statistical community
analysis; to evaluate bicaccumulation and bioconcentration of contaminants; and
to correlate macroinvertebrate community characteristics with concentrations of
contaminants found in sediments. ‘

To meaningfully evaluate biological conditions, sampling stations will be
selected in comparable habitats (similar water depth and movement, substrate
composition, and canopy coverage). Otherwise, community differences resulting
from dissimilar physical habitats may be incorrectly attributed to biological
degradation from chemical impact.

Typically, at each sampling station, sample(s) will be collected from vegetation
(phytomacrofauna) and from sediment (benthic infauna). Samples will be collected
in standardized unit areas that are clearly marked immediately prior to the
commencement of sampling. '
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Many methods are available to obtain macroinvertebrate samples. Sampling devices
include hand-held corers, dip-nets, grab samplers, dredges, and artificial
substrates. Phytomacrofauna will typically be collected from the water column
and from submerged macrophytes with D-frame aquatic dip nets (~600 microns) by
sweeping the entire marked water column both vertically and horizontally. The
contents of the dip net will be washed into a number 30 USGS brass sieve. Plant
matter and other debris will be discarded after removing any attached inverte-
brates. Material not passing through the sieve will be placed in labeled jars
containing approximately 70 percent ethanol.

Benthic organisms will typically be collected, using an Eckman dredge or similar
sampling device, from sampling stations with silt, muck, or sludge substrates.
The dredge contents will be washed through a number 30 USGS brass sieve.
Macroinvertebrates and smaller debris not passing through the sieve will be
placed in labeled jars containing approximately 70 percent ethanol, 1f
necessary, the 70 percent ethanol preservative will be replaced with fresh
preservative to avoid dilution.

For each sampling station, the physical attributes of the aquatic habitat
(including nature of the substrate and vegetative characteristics) and water
quality parameters (dissolved oxygen, temperature, pH, and conductivity) will be
recorded. When appropriate, voucher macroinvertebrates specimens will be
retained for taxonomic analysis.

4.5.5 Fish Sampling Fish sampling is conducted for ecological community
analysis and for pathological analysis. Fish and fish-tissue sampling is also
conducted to analyze whole fish and fish fillets for specified contaminants, as
a basis for determining potential ecological and human health risks. Because
fish are mobile organisms and contaminants in surface water bodies usually are
non-point source, fish-sampling locations should represent regions or areas,
rather than fixed points. Sampling can be conducted during the day and/or at
night. Target species will be selected based on the nature of the water body and
the following criteria: human fishery utilization, abundance, size, ecological
importance, position in food chain, metabolism, and the ability to collect suffi-
cient, duplicate, replicate, and/or laboratory QC samples.

It is often useful to use a variety of active and passive fishing techniques to
minimize sample gear bias. Available techniques include electrofishing, seining,
and trawling (active techniques), and gill netting and trap netting (passive
techniques). The objective of electrofishing is to stun and immobilize the fish
for collection. Electrofishing consists of sweeping sampling areas with a boat-
mounted electroshocking unit (e.g., Coffelt VVP-15), using moderate current
densities (amperes per square centimeter) that maximize the extent of the "stun"
field while minimizing the "kill" and "escape" fields. Seines nets vary
considerably in length and depth. Smaller seines are typically used for
biological sampling in shallow waters, whereas larger seines are often used in
ponds and lakes. Entire reaches of streams and shallows of ponds and lakes can
be sampled with seine nets. Trawls are bag- or fummel-shaped nets that are towed
through the water by one or more boats for straining fish from the water. They
vary in size and can be designed for bottom, midwater, or surface sampling.
Experimental gill nets are stationary, flat nets, suspended vertically in the
water, with variable meshes that entangle passing fish as they try to withdraw.
Trap nets are stationary, long, tapering mesh tubes or funnels, with mesh wings
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that channel and direct fish into the tube. Fish that reach the end of the tube
are unable to turn around and swim out.

When appropriate, after collection, the fish will be identified to species,
weighed to the nearest gram, and measured to the nearest millimeter. Fish will
be checked for external pathological gross abnormalities (e.g., tumors, lesioms,
structural or bone defects) through an evaluation of the conditions of the lips,
jaws, barbels (1f and as applicable), eyes, right gill, fins, urogenital cavity,
anus, body form, and body surfaces. Field processing will be minimized to avoid
contamination (e.g., skinning, filleting, etc. will be performed as necessary in
the laboratory).

When fish are collected for tissue analysis, after field classification and
examination, fish will be placed in sealed bags, labeled, and shipped on ice to
the laboratory via overnight courier. If necessary, separate workplans will be
developed for fish sampling at NTC, Orlando. '

4.6 FIELD LABORATORY ANALYSES. To develop screening information to aid in the
placement and selection of boring, monitoring well, and sample locations,
selected soil, sediment, soil vapor, and aqueous samples will be analyzed in the
field to evaluate the extent of contamination. Field analyses will be conducted
in accordance with the procedures and USEPA methods for field screening shown in
Appendix B. The analytical method references are shown in Chapter 7.0,
Analytical Procedures. Field screening analytical procedures will always be
supported by sampling for laboratory analyses. An onsite field laboratory will
be set up and used, as appropriate, for the analysis of VOCs, TPHs, PCBs, and
inorganic analytes. VOCs from the headspace of soil and water samples will be
measured in the field using a portable GC egquipped with an electron capture
detector and or a PID. The GC target compounds at NTC, Orlando will be: benzene;
toluene; ethylbenzene; meta-, para-, and ortho-xylene; PCE; and trichloroethene
(TCE). The target list of VOCs may be modified according to compounds of
interest at the individual POIs. Infrared spectroscopy will be used to measure
TPH concentrations in soil and water samples using a modified version of USEPA
Method 418.1. PCBs will be measured in soil according to the Draft USEPA Method
4020. The method is based on the use of immunoassay test kits. X-ray
fluorescence will be used to measure concentrations of selected inorganics in
soil and water samples.

Results of soil and sediment field analyses will be reported in micrograms per
kilogram dry weight. Liquid results will be reported in micrograms per liter.

Chemical Standards. Chemical standards will be purchased from Supelco, Inc.;
Chem Service, Inc.; or an equivalent supplier. All chemical standard preparation
records will be logged and coded in a project GC run logbook.

Standards Preparation. All standards will be prepared from neat solutions or
prepared mixes. Stock standards will be made by diluting neat standards or
prepared mixes with an appropriate solvent. For standards made from neat
solutions, the compound density will be used to determine the quantity of neat
compound to add to the solvent.
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All calibration standards will be made by serial dilution from stock standards.
The calibration standard concentrations will be determined by the expected range
of contaminant concentrations.

4.6.1 Calibration Prior to analyzing samples, instrument operation conditions
will be established and recorded in the instrument logbook or on an operation
conditions record sheet. Standard calibration techniques will be used; a
detailed description of external standard calibration is found in USEPA Method
8000 (USEPA, 1986).

Initial Calibration. At the initiation of each field program, a minimum three-
point initial calibration curve will be prepared covering the desired concentra-
tion range of analyses for the site,

Quantitation of volatile organics may be calculated from a point to point
calibration curve as described in USEPA Method 8000 (USEPA, 1986), but is not
required. If the relative standard deviation of response factors is less than
30 percent for a given target analyte, linear regression may be used for
determining the concentration detected in samples.

Continuing Calibration. Prior to sample analysis, a continuing calibration check
standard will be analyzed at or near the mid-level each day. The target analytes
must have percent differences (%D) of less than 30 percent when compared to the
initial calibration.

Samples may be run only if no more than one compound per detector, or a total of
10 percent of the target compounds, exceed the %D criteria of 30 percent. If the
above criteria are not met, a second standard will be analyzed. If the second
standard is unacceptable, a new calibration curve will be prepared. Following
analysis of an acceptable continuing calibration standard, samples can be
analyzed for a period of 24 hours from the time of standard injection. Sample
IDs for the continuing calibration standard will be entered into the instrument
logbook.

Additional details and procedures concerning instrument calibration can be found
in the SOPs and USEPA methods for field screening found in Appendix B.

Method Blanks. A method blank will be analyzed before samples are analyzed.
Blanks will be analyzed using the same procedures as field samples. Method
blanks will be deemed acceptable if no target compounds are present above the
detection limits established for the instrument. Samples will not be analyzed
until an acceptable method blank is run, demonstrating that the instrument is
free of contamination.

Cleaning Blank. Blanks will be analyzed after any high-level sample, to ensure
that carryover is not occurring. A high level sample is defined as being five
times higher than the highest calibration point. Blanks may be run more often
based on the judgment of the field analyst.

4.6.2 Sample Preparation Sample preparation techniques have been adapted from
protocols outlined in USEPA methods and are specified in the methods found in
Appendix B. Methods have been modified for the purpose of field application
where appropriate. Samples will be analyzed after instrument calibration and
method blank analysis has been completed.
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Soil Samples. Soil samples include subsurface soils, surface soils, or sediment
samples. Concentrations in soil samples will be calculated based on the dry
weight. Percent moisture adjustments will be made to the raw data results. An
automatic moisture balance may be used to determine percent solid as per the
manufacturers’ instruction.

4.6.3 Target Compound Concentrations Calculations The concentration of target
compounds detected in samples will be calculated using either point-to-point
comparison to the initial calibration curve, or by linear regression (if the
response factor [RF] is less than 30 percent).

4.6.4 Field Documentation Procedures A log of all GC analyses will be recorded
in a bound notebook with sequentially numbered pages. A separate logbook will
be maintained for each GC instrument used in the field. The logbook will record
the concentrations for all calibration standards injected, sample run number,
sample ID, date, standard preparation code, sample volume and /or weight, and any
additional information particular to the injection.

After conclusion of the field effort, data will be storaged by the Consultant.
Raw data includes chromatograms and calibration records from all standard, blank,
and sample analyses used in the field program.

4.6.5 Quality Control Procedures In addition to instrument calibration and
continuing calibration checks, duplicates and MS/MSD samples may be analyzed by
field screening methods. The number and/or frequency of QA/QC samples will be
determined and established on a POI specific basis dependent on the DQOs required -
for that particular field measurement. A minimum of 5 percent of samples
collected for DQO Level II analysis (field screening) will be split for Level IV
DQO confirmation.

The following procedures will be implemented by the field chemist to ensure
standardization of the operating procedures.

1. All appropriate standards will be preserved by storing them in a
refrigerator or cooler.

2. 1f a continuing calibration standard does not meet requirements, then
a second standard will be analyzed. If the second standard does not
meet requirements, a new initial calibration will be required.

3. The field chemist will review each sample analysis chromatogram before
analyzing the next sample. Target compound retention times will be
compared to calibration standards and carryover potential will be
evaluated.

4. Carryover target and non-target analytes: cleaning blanks will be
analyzed after samples containing high concentrations of target or non-
target compounds until, in the judgment of the field analyst, carryover
will not impact subsequent analytical runs.

Data from all sample analyses and relevant calibration and blank analyses will
be documented in the project instrument run logbook.
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4.7 SURFACE WATER HYDROLOGIC MEASUREMENTS. The following subsections describe
the procedures used to obtain streamflow estimates and surface water elevation
measurements.

4.7.1 Streamflow Estimates The flow of a stream or river may be calculated by
measuring the water velocity and the stream channel cross-sectional area. This
information is useful in evaluating site-wide surface water characteristics, and
potentially, the relation of surface water hydrology to groundwater hydrology at
the site. The transects used to generate velocity profiles will be selected such
that no surface flow influx features or impediments (i.e., running outfalls, side
channels, or bridge abutments) are located directly upstream of the profile line.
The procedure for measuring streamflow and cross-sectional area follows standard
USGS methods (1982) and is outlined briefly below.

1. Field personnel will select an appropriate stream reach, preferably
straight-channeled, with no bars or upstream impediments or surface

flow sources. The field personnel will identify marker points on
opposing stream banks that can be used for an elevation and location
survey.

2. A tape will be stretched across the stream width and marked into
15 to 30 equal segments that will define the subsections. Segments
will be numbered consecutively, starting with 1 at the left bank.
Total channel width will also be measured and recorded.

3. Channel depth will be measured at the mid-point of each section. The
nid-point verticals will be the point from which velocity measurements
for each subsection will be made. Total depth times 0.6 will be the
depth at which velocity measurements will be taken. (Controlled field
studies have shown that 0.6 times total depth is the point at which the
average stream velocity occurs.) It is assumed that the velocity
sample at each vertical represents the mean velocity in a rectangular
subsection. The subsection area extends laterally from half the
distance from the preceding observation vertical to half the distance
to the next, and vertically from the water surface to the measured
depth. Measurements will be recorded to the nearest 0.0l foot on data
sheets. A sample streamflow measurement data sheet is presented as
Figure 4-12.

‘4. A mechanical current meter will be lowered to the measured depth and
the meter will be left in place for 60 seconds. Meter counts will be
recorded on the data sheet. Flow velocity will be interpreted using
the calibration curve supplied by the manufacturer and recorded on the
data sheet. At least two, preferably three, flow measurements will be
collected at each transect.

5. Discharge (Q=VDW) will be calculated for each channel section using
channel subsection area and mean flow velocity normal to each subsec-
tion. Total discharge for the profile is the sum of all subsections.

0= 2%, g D)
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TOTAL CHANNEL WIDTH (it.):
TOTAL NO. SEGMENTS (M):
WIOTH/SEGMENT (w) (ft.):

Stream Flow Measurements

DATE:

TIME IN:

TIME OUT: .
TRANSECT LOCATION:
(Refer to site plan)

. STATION [ DEPTH.. :TIME - { "CTS ;] MEAN VEL ?;‘::DRISCI‘-IV..:,;.E:I'. STATION
S m) PR dE o (see) | (see) I ()(t¥s) |'q=wdv | (m)
SKETCH OF CHANNEL SECTION:
m=0 (left bank facing upstream)

PG _ of

FIGURE 4-12 PROJECT OPERATIONS PLAN
EXAMPLE STREAM FLOW MEASUREMENT
DATA SHEET
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 940321WEM
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where

= discharge ft’/min,

total number of segments, and
segment number,

I

ME O
I

The discharge for any subsection at vertical i is given by the equation:

gi = vi [b(i«vi) ; b(i-1)] di (5)

= discharge through subsection i,

measured mean velocity at wvertical i,

-1) = distance from initial point to preceding vertical,
i+l) = distance from initial point to next vertical, and
= depth of water at vertical.

Direct flow measurements can also be obtained using V-notch weir plates and
rectangular weir plates.

4.7.2 Surface VWater Elevation Measurements Surface water elevation measurements
will be taken at selected locations to augment groundwater elevation data
generated during water level measurement rounds. Because no permanent elevation
monuments or staff gages will be erected, the following method will be used.

1. The surveyor will select a suitable surface water measurement location .
(i.e., near a sampling point, easily accessible and quiet water).

2. A reference point onshore (e.g., tree, fencepost, or large boulder)
will be marked and labeled by the surveying team for inclusion in the
elevation survey. The reference point will be selected such that it,
along with the water’s edge, are readily visible from the surveyor’s
station. ‘

3. The relative elevation of the reference point will be surveyed to the
nearest 0.01 foot. The reference point elevation will be referenced to
the National Geodetic Vertical Datum (NGVD).

4. The surface water elevation and the reference point will be shot from
the same station.

4.8 AQUIFER CHARACTERIZATION. Aquifer testing will be conducted to characterize
groundwater flow patterns and to assess aquifer characteristics.

4.8.1 Water levels The depth to groundwater will be measured from a surveyor'’s
mark on the well riser or, in the absence of such mark, from the highest point
on the rim of the well casing or riser. Water level measurements at the various
wells will be obtained using an electronic water level meter. The water level
will be measured to the nearest 0.01 foot. The measured value will be checked
by raising the probe 1 to 2 feet and remeasuring the water level to obtain a
precise and accurate measurement. The probe end of the water level meter will
be properly decontaminated between monitoring wells.
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The water level elevations will be used to construct groundwater elevation
contour maps, from which groundwater flow directions will be interpreted.
Vertical hydraulic gradients can be calculated from water level data at well
pairs.

4.8.2 Hydraulic Conductivity Testing Permeability testing will be conducted in
(1) all new monitoring wells representative of each sampling interval and
(2) specific existing wells, as requested by the Navy. Permeability tests (or
slug tests) are useful for calculating estimated groundwater flow parameters, for
evaluating the heterogeneity of the aquifer, for identifying high permeability
zones, and for determining the viability of various remedial options. Tests will
be conducted using the following procedures. A PVC slug or compressed air will
be used to displace water in the well for testing. Compressed air will be used
only in wells screened below the water table, and care will be taken not to lower
the water table to the depth of the screen.

Slug tests can be categorized into falling head and rising head tests. Falling
head tests are typically performed by introducing a solid "slug" below the water
level and measuring the rate of water level decrease per time until equilibrium
conditions are reached (i.e., the rate of recovery). Rising head tests are
performed by withdrawing a solid "slug" and measuring the rate of recovery. The
change in water level with time is measured manually with a water level tape or
electronically with an In-Situ Hermit™ 1000B or 2000 Datalogger™ with 10- or
20-pound-per-square-inch transducers, or equivalent. Only rising head tests will
be performed on water table wells (wells with screened zones extending above the
water table). Rising and/or falling head tests will be performed on wells that
are screened below the water table; however, rising head tests will be preferred.

By observing the behavior of the recovery as a function of time, an estimate of
the hydraulic conductivity of aquifer materials surrounding the well can be
calculated using the Hvorslev (1951) or Bouwer and Rice (1976) technique. The
slug test data can also be analyzed using a method by Cooper, Bredehoeft, and
Papadopulus (1967).

An Aquifer Test Completion Checklist (Figure 4-13) will be completed for each
test conducted. In addition, a Field Permeability Test Data Sheet (Figure 4-14)
will be completed for each test.

Should field conditions render hydraulic conductivity tests using slugs
ineffective, the following alternmate method will be used. A submersible pump
will be used to remove water from the well. The discharge rate will be measured
and recorded. Two to three separate discharge rates will be selected to
adequately stress the aquifer. Changes in water levels will be measured as a
function of time during both pumping and recovery. By observing the behavior of
the drawdown, discharge, and recovery as a function of time, an estimate of the
hydraulic conductivity of the aquifer will be made. ’ ’

4.8.3 Groundwater Pumping Tests Pumping tests are employed to measure hydraulic
characteristics (transmissivity and storativity) over a large aquifer volume.
They also can determine the area of influence of a pumping well and the location
of hydraulic boundaries. The test typically consists of pumping water from one
well at a constant rate while measuring drawdown versus time in that well and in
observation wells located at wvarious distances from the pumping well.
Measurements are made both during pumping and after pumping (to observe water-
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CHECKLIST

AQUIFER TEST NO.

MONITORING WELL ID

DATE OF TEST

TYPE OF TEST

HERMIT TYPE/SERIAL#

TEST #

DATA COLLECTION RATE

SERIAL #

PSIG

SCALEFACTOR

OFFSET

INPUT CHANNEL

INPUT MODE (TOC/SUR)

STATIC WATER LEVEL (FT./TOC)

WELL DEPTH (FT./TOQ

XD DEPTH (FT.TOC)

INITIAL XD REFERENCE

SLUG DEPTH (FT./TOO)

TIME OF SLUG PLACEMENT

TIME OF WL EQUILIBRATION

NEW XD REFERENCE

START TIME OF TEST

END TIME OF TEST

NOTES:

FIGURE 4-13

EXAMPLE AQUIFER TEST COMPLETION CHECKLIST

PROJECT OPERATIONS PLAN

NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 940321WEM
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Field Permeability Test Data Sheet

Project No. Project Name:
Performed by: . Dats: Type of Test:
! Borehole Dia. (in.): Wall dia. L.D. (in.): Total Test
: Time:
Depth to static water level (ft.): Page _ of ___

All Measurements Taken from Top of Riser

Time Elapsed Time Dvev’:::::" AH Comments

FIGURE 4-14 PROJECT OPERATIONS PLAN
FIELD PERMEABILITY TEST DATA SHEET
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 84032 1WEM
NTC__Orl.POP
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level recovery). Interpretations of the time-drawdown plots will be the basis
for determining the specific aquifer characteristics.

Each planned pumping test will be designed to address the specific objectives of
the test and to reflect anticipated site conditions. A detailed design will be
included in each task-specific workplan.

4.9 ELEVATION SURVEY. The elevation and location survey will be conducted by
a Florida-registered professional land surveyor. Elevations will be referenced
to the NGVD of 1929 and will be measured to an accuracy of at 0.0l foot for
monitoring well casings and 0.1 foot for ground surfaces. Horizontal locations
will be recorded as State Planar coordinates to the nearest 0.1 foot.

The actual surveying techniques and the required equipment to be employed, and
the required accuracy and precision, are dependant upon the field conditions and
the nature of the sampling stations and/or techniques to be employed. All survey
observations and measurements will be properly recorded by the designated member
of the survey crew in bound field books, in accordance with the requirements of
these guidelines.

Any calibrations performed upon surveying equipment in connection with this work
will be properly documented with regard to personnel, date, instrument number,
calibration readings, procedures and standards employed, adjustments made,
comments and/or observations, etc.

All analyses employed in the reduction of field data, calculations, production
of maps, etc., will follow commonly accepted professional survey practices that
are ‘appropriate for the task at hand, including all appropriate procedures for
QC to check and review the work. Where a computer is used to reduce data, the
program employed will have first been certified to yield repeatable results
within the required limits of accuracy. All office calculations, data reduction,
map making, etc., will be performed in a neat, sequential, and logical order to
facilitate future review.

The installed locations of all benchmarks, baselines, and monuments will be
appropriately documented on a base map to indicate their relative locations.
Benchmarks will be described with respect to their construction and location, on
map, in addition to their grid coordinates.

If required, final maps will be submitted as an original or Mylar™, in the
specified map size. If one sheet is not sufficient, the mapped area may be
divided into sections, one per sheet, and appropriate references and match lines
provided. Maps will be of a suitable scale to show appropriate detail clearly.
Although this varies with the size of the site mapped, appropriate map scales
generally range from 1 inch equals 50 feet to 1 inch equals 200 feet. The scale
used will be clearly shown on the map both graphically (e.g., bar scale) and
numerically (e.g., 1 inch = 50 feet). Each map will also indicate a true north
meridian, preferably oriented toward the top of the page, and will be provided
with appropriate borders, legends, title boxes, notes, data references, and means
of identifying author, checkers, etc.

The following paragraphs summarize specific surveying requirements appropriate
to various sampling locales.
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4.9.1 Borings and Test Pits Horizontal locations and ground surface elevations
for borings and test pits are indicated on boring and test pit logs and may be
used to construct geologic sections or profiles. Horizontal locations will be
staked to the nearest foot, and ground surface elevations measured to 0.1 foot.
The surveyors may stake the location in advance, indicating the boring number,
grid coordinates and ground-surface elevation on the stake. They will also have
one or more tall witness stakes with colored flagging around the staked location
to make 1t more readily visible. 1In paved areas, it is usually more convenient
to spray paint the location and other information directly on the paving. A
greater degree of layout accuracy may be required in confined areas, where the
drilling or excavation must be performed carefully to avoid disturbance of
underground facilities (i.e., utilities, tunnels, foundations, etc.).

4.9.2 Monitoring and Pumping Wells and_ Piezometers In general, horizontal
location, well riser elevation, and ground surface elevation criteria for wells
and plezometers are similar to those of test pits or borings. However, the
surveyor will measure and mark the elevation of the top of the riser to 0.01 foot
as this point will be used as a reference to measure precise groundwater
elevations. The riser elevation will be noted, and also permanently recorded
directly on the outer protective casing, if possible. The well location and
ground surface elevation may be surveyed either before or after well installa-
tion, but the riser (i.e., top of casing) and outer protective casing (optional)
elevations must always be surveyed afterward. For monitoring wells, pumping
wells, and pilezometers, a permanent mark will be made on the riser, protect1ve»
casing, or other point of reference both for surveying purposes and to enable
reproducible depth to water measurements.

4.9.3 Surface Water and Sediment Sampling When grab samples are obtained from
the edges of surface water bodies, the samplers will install a location stake at
the shoreline marked with the station number and coordinates, if appropriate.
This stake may also be used as a reference point for measuring the water surface
elevation (to an accuracy of the nearest 0.0l foot). In certain cases, this may
not be required, because the sampler can estimate and mark the appropriate
location and elevation directly on a site topographic map. Such locations do not
require great locational accuracy (within several feet), because they are usually
only indicated graphically on the site map.

When samples are to be taken within the surface water body away from the
shoreline, better horizontal control is usually required. Sampling locations
will be determined by the sampler using on-shore baselines or ranges.

4.9.4 Surface Soil and Waste Sampling Measurement and layout requirements for
obtaining a single grab sample of soil or waste are comparable to those for
obtaining surface water grab samples from the shoreline. Where a composited
sample is to be collected from a sampling grid, the surveyors will stake out the
grid and indicate the station number(s), coordinates or orientation of the grid,
and ground elevation(s) on the stakes. Generally, a precision of no better than
the nearest foot for location, and 0.1 foot for elevation will sufflce from grab
or grid surface sampling.

4.10 CONTROL AND DISPOSAL OF INVESTIGATION-DERIVED WASTE (IDW). As part of the

field activities, a certain amount of IDW material will be generated in
association with personal protection, sample handling, multimedia sampling, soil
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boring, well installation, well development, well purging, and decontamination.

_Every effort will be taken to minimize the IDW generated. The majority of the

material will be uncontaminated, but some material will come in contact with
media suspected to be contaminated.

The IDW will be segregated by medium (i.e., solids or liquids) and by location
(i.e., boring or well) into storage containers. Labels will be attached to the
storage containers that describe the content of the specific container (soil or
water), the POI or Study Area of origin, the specific location (boring or well),
and the date of generation. The storage containers will be stored on pallets
that are underlain by plastic sheeting. A tarpaulin will be used to cover the
storage containers and provide protection from the elements. The tarpaulin will
be anchored by sandbags or an equivalent tie-down method. The storage area will
be bermed to contain any potential leakage. The storage contdiners will be
segregated by PCI of origin. The storage container pallets will be arranged so
as to allow access between them for container inspection. A column and row grid
numbering system will be used to facilitate the storage and inspection of the
storage containers. A storage container logbook will be maintained with the
previous information located in it, as well as a sketch map of the storage area
showing the location of POI-specific storage containers. The IDW storage area
will be designated by the Navy. To avoid transporting IDW on public roads, each
discrete NTC, Orlandoe facility will designate at least one storage area,.
Quarterly inspections of the IDW storage areas will be conducted to determine
that all of the above requirements are being met and that the integrity of the
storage containers has not been compromised.

Liquid IDW will come from three sources: (1) groundwater generated during the
sampling and purging of existing and new monitoring wells, (2) water generated

“during decontamination procedures, and (3) drilling fluids.

Laboratory analysis of groundwater samples from the representative monitoring
wells will be used to determine if the liquid IDW is acceptable for disposal at
a suitable treatment facility agreed to by the Navy, the Consultant, and State
and Federal regulators. These analyses will consist of target compound list
(ICL) VOCs, SVOCs, pesticides, and PCBs and target analyte list (TAL) inorganics.
The analyses will be conducted in accordance with Level III or IV DQOs.

Decontamination fluids will be containerized and a composite sample representing
each POI will be collected and analyzed as described above for groundwater. The
fluid will be treated in the same manner as the groundwater IDW.

Solid IDW will come from three sources: (1) the advancement of soil borings, (2)
the drilling of monitoring wells, and (3) personal protective equipment (PPE) and
other disposable items (plastic sheeting, disposable equipment, etc.). All the
solid IDW will be containerized as described above. However, heavily soiled
disposable equipment and PPE waste may be rinsed, with the rinsate collected and
treated as liquid IDW as described above. The rinsed disposable equipment and the
PPE will be disposed in a dumpster. The remaining solids will be containerized
by POI and by location of use. The results of the laboratory analyses of the
samples from the same POI will be used to determine the classification of the
IDW.

As described in Subsection 4.4.6, as the soil borings are advanced, split-spoon
samples will be collected either continuously or at 5-foot intervals. For each
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boring, a minimum of two samples will be analyzed in conformance with Level III
or IV DQOs (depending on the DQO requirements established for the boring). These
analyses will be used to determine if contaminants exist in the IDW generated
during the advancement of the respective soil boring.

For the monitoring well locations where a soil samples will not be collected
prior to the installation of the well, an analysis of the cuttings generated
during the drilling of monitoring wells will be performed (in conformance with
Level II DQOs) to determine if organic contaminants are present in the cuttings.

The results of the analyses from the solid samples will be used to determine the
disposal option for the IDW. If the analytical results for the IDW are less than
NTC, Orlando background values and less than the TCLP threshold values, the IDW
will be labeled non-hazardous and the IDW will be considered clean and disposed
onsite or used elsewhere on the base as clean fill. If the analytical results
for the IDY are greater than NTC, Orlando background values but less than the
TCLP thresncld values, the IDW containers will be labeled solid waste and the IDW
will be disposed at a subtitle D landfill or held for remediation with the other
contaminated soils. If the analytical results for the IDW are greater than the
TCLP Threshold values the IDW containers will be labelled hazardous and the IDW
will be considered a hazardous waste (unless the storage containers are tested
for TCLP analysis and are determined to not be a hazardous waste). The IDW will
be stored at the designated storage areas. After receipt of the laboratory
analytical results of the samples as described above, a determination on the
characterization of the storage containers will be made. The storage containers
will be labeled non-hazardous, solid waste, or hazardous based on this
determination.

A copy of the laboratory analytical results will be stored on base so
comparisons of the results and IDW classification can be made. Quarterly
SUmmaries or the analytical results, the comparisons to background and TCLP

threshold values, the rationale used to classify the IDW, and location maps will

be provided to SOUTHNAVFACENGCOM for distribution to interested parties.

NTC_Orl.POP
MVL07.94 4-70

-

PN




Chapter No.__S _, Revision No, 0
Date July 13, 1994, Page 1 of 6

5.0 SAMPLE HANDLING AND CUSTODY PROCEDURES

This chapter describes a program of sample tracking and COC that is followed
during sample handling activities in both field and laboratory operations. This
program, which is compatible with USEPA Region IV ECBSOPQAM (USEPA, 1991c) COC
requirements, is designed to assure that each sample is accounted for at all
times. To maintain this level of sample monitoring, sample container labels,
shipping seal manifests, and COC forms are employed as necessary. Field data
sheets and COC records are also completed by the appropriate sampling and
laboratory personnel for each sample.

The objective of the sample custody identification and control system is to
ensure that:

. samples are uniquely identified,
. samples are collected for all scheduled analyses,

. the correct samples are analyzed for requested analyses and are
traceable to their records,

. descriptions of important sample characteristics and field observations
are recorded,

. samples are protected from loss and identified if damaged,

. alteration of samples (e.g., filtration and preservation) is docu-
mented,

. a forensic record of sample custody is established,
. sample security is maintained, and
. relevant field information is recorded including location, sample

number, date and time, identification of field samples, and individuals
collecting the samples.

5.1 FIELD CUSTODY. The field COC record is used to record the custody of all
samples or other physical evidence collected and maintained by field personnel.
The COC protocol followed by the sampling crews involves the following steps:

. documenting procedures used and reagents added to samples during
sample preparation and preservation;

. recording sample locations, sample site identification, field sample
number, and specific sample collection procedures on the appropriate
forms;

. using sample labels that contain all information necessary for
effective sample tracking; and
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. completing standard field data record forms and/or maintaining a bound
field logbook to establish sample custody in the field before sample
shipment (see Chapter 4.0).

Prior to sampling, labels are developed for each sample to be collected. Each
label is numbered to correspond with the appropriate sample(s) to be collected.
Samples will be identified using an 8-digit sample ID as described in Sec-
tion 4.1. A summary of the labels prepared, with space for sample tracking and
notations, will also be printed. This sample manifest assists sample control in
the field and will eventually be retained as part of the project file. An
example of a sample label and an example of a sample tracking form is shown on
Figure 5-1. Additional information regarding sample tracking can be found in
Section 8.5.

The COC record is used to document sample-handling information (i.e., sample
location, sample identification, and number of containers corresponding to each
sample number). The following information is recorded on the COC record:

. project reference;

. the site name, sample identification number, date of collection, time
of collection, preservation, and sample type, number of containers, and
sample matrix;

. the names of the sampler(s) and the person shipping the samples;
. serial number of custody seals and shipping cases;

. the date and time that the samples were delivered for shipping;
. analyses required; and

o the names of those responsible for receiving the samples at the
laboratory.

An example of a COC is shown in Figure 5-2. Field sample data records, which
also include pertinent data relative to COC procedures were presented in
Chapter 4.0 (see Figures 4-5, 4-8, and 4-10). The COC 1is completed in
triplicate. One copy accompanies the samples to the laboratory, another is kept
by the sample crew chief and transferred to the Laboratory Quality Assurance
Coordinator (QAC), and the last copy is maintained in the project file.

5.2 SAMPLE PACKING AND SHIPPING. Sample packaging and shipping procedures
should protect the integrity of the samples and prevent detrimental effects from
leakage or breakage. Regulations for packaging, marking, labeling, and shipping
hazardous materials and wastes are promulgated by the U.S. Department of
Transportation (USDOT) and described in the CFR Parts 171 through 177; in
particular Part 172.402h, Packages Containing  Samples). In general, these
regulations were not intended to hamper shipment of samples collected at
controlled or uncontrolled hazardous waste sites or samples collected during
emergency responses. However, the USEPA has agreed through a memorandum of
agreement to package, mark, label, and ship samples observing USDOT procedures.
The information presented here is for general guidance.
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COMMENTS
SAMPLE ID.

PROJECT Neo.

DATE/TIME

SAMPLE MATRIX

SAMPLE SITE

PRESERVATIVE

FILTERED (Y/N)

ANALYSIS

SAMPLER )

ABB Environmentai Services, Inc.

FIGURE 5-1 PROJECT OPERATIONS PLAN

EXAMPLE SAMPLE LABEL

NAVAL TRAINING CENTER
ORLANDO, FLORIDA

85198-03 940321 WEM
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REUNQUISHED BY: (SIGNATURE) OATE/MME

REORGUISHED BY: SarATone)

RECEIVED BY: (SIGNATURE)

RECEIVED BY: (SIGRATURE) Wﬂitmﬁstib BY: (SIGNATURE)

CEIVED BY. (SIGNATURE)

RELINOUISHED BY: {SIGNATURE) | DATE/TIME lRE

DATEAIME RECEIVED BY. {SIGRATURE)

RELINQUISHED BY: {8IGHATURE) DATE/TIME
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Correct packaging, Storing, and Shipping of environmental Samples are necessary
o N to:
4 Y

. ensure samples remain sealed in original containers,
*+  prevent breakage,

. prevent cross-contamination of individual samples,

. ensure sample characteristics are preserved,

. prevent contamination to receiving personnel, and

. ensure samples are protected against tampering when not in sampler’s
possession.

Sample containers are generally packed in metal or hard plastic, insulated
coolers for shipment. Bottles are packed tightly so that no motion is possible.
Styrofoam, and "bubble pack" are used to protect bottles from breaking. Ziploc®
bags containing ice are added to the cooler along with all paperwork. The
paperwork (i.e., COC forms) is sealed in a separate Ziploc® bag. The cooler top
is then taped shut and all openings are sealed with evidence tape.

The standard procedure followed for shipping envirommental samples to the
analytical laboratory is as follows.

. Shipping of environmental samples collected by field personnel is done
daily through Federal Express or equivalent overnight delivery service.
Receipts are retained as a part of the COC documentation. When samples
are relinquished to a shipping company for transport, the tracking
number from the shipping bill or receipt will be recorded on the COC.

. Prior toc leaving for the field, the Consultant’s Field Operations
Leader (FOL) will notify the Laboratory/Data Management Leader of the
number, type, and approximate collection and shipment dates for the
samples. If the number, type, or date of shipment changes due to
program changes, the FOL must notify the Project TOM and Laboratory and
Data Management Leader of the changes. This notification from the
field also needs to occur when sample shipments will arrive on
Saturdays. The FOL will coordinate sample pick-up with the laboratory.

. If prompt shipping and laboratory receipt of the samples cannot be
guaranteed (e.g., Sunday arrival), the samplers will be responsible for
proper storage and custody of the samples until transportation or
shipment arrangements can be made.

. The FOL will notify the appropriate laboratory when samples collected
by field sampling teams are going to be shipped to the laboratory.

The Laboratory and Data Management Leader keeps the laboratory and the Project
Manager informed of all field sampling activities. This communication is
critical to allow the laboratory enough time to prepare for the sample shipment

e arrival and to keep the Project Manager current on the status of the sanpling
progran.

NTC_Ori.POP
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During sampling, field samples will be brought to a central sample collection
location. The COC will be initiated upon receipt of the samples and sample data
records at the collection point. Once the COC form is initiated, when
transferring possession of the samples, each transferee will sign and record the
date and time on the COC record. Custody transfers, if made to a sample
custodian in the field, will account for each individual sample, although samples
are transferred as a group. Every person who takes custody will fill in the
appropriate section of the COC record. To prevent undue proliferation of custody
records, the number of custodians in the chain of possession will be kept as
small as possible.

5.3 TLABORATORY CUSTODY. COC procedures are also necessary in the laboratory
from the time of sample receipt to the time the sample is discarded. The field
samples collected by the sampling team will be submitted to a NEESA-approved
laboratory. The sample custody procedure will be detailed in the laboratory'’s
Quality Assurance Project Plan (QAPP).

NTC_Ori.POP
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6.0 EQUIPMENT CALIBRATION AND PREVENTIVE MAINTENANCE

This chapter describes calibration protocols for laboratory services and field
instruments that may be used at NTC, Orlando during field activities.

6.1 CALIBRATION PROCEDURES FOR LABORATORY EQUIPMENT. The procedures used for
calibration of laboratory equipment are described in the analytical methods. The
laboratory will keep records on the source of all standards used, and standards
will be traceable to original sources. Check standards from a second source will
be used to verify the accuracy of calibration standards.

6.2 CALIBRATION PROCEDURES AND FREQUENCY FOR FIELD INSTRUMENTS. Each plece of

field sampling equipment requiring calibration will be calibrated prior to each
day's use or as specified in the procedures included in Appendix B. As
previously discussed in Chapter 4.0, data are recorded on a form shown as
Figure 4-9. The procedures described in the following subsections apply to the
specific instrument noted.

6.2.1 Salinity, Conductivity, and Temperature Meters A salinity, conductivity,
and temperature meter consists of a temperature probe and a specific conductance
meter.

Temperature Probe:

1. Using a thermometer whose calibration can be traced to a National
Bureau of Standards-approved thermometer, immerse both probes into a
beaker of water and note any differences for the field probe.

2. Recalibrate as necessary.

Specific Conductance Meter:

1. Calibrate meter and probe using the calibration control and the red-
line on the meter dial.

2. Turn the function switch to read conductivity times 10 and then depress
the cell test button, noting the deflection. If the needle falls more
than 2 percent of the reading, clean the probe and retest.

3. Using at least two solutions of different iomic strength that will most
likely bracket the expected values for conductivity, note accuracy of
the probe and clean probe if necessary.

6.2.2 Specific Ton Meter The Specific Ion Meter consists of an ion-specific
electrode.

1. Place electrodes and buffer solutions in a water bath at the tempera-
ture of the water to be sampled. After temperature equilibrium,
measure temperature and adjust the temperature compensation knob for
this temperature.

NTC_Orl.POP
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If using refillable probes, remove electrode cap and check that filling
solution is above the filling mark.

Immerse the probe in the pH 7 buffer solution and adjust the calibra-
tion control to read the appropriate pH. Check the pH buffer solution
for correct pH value at the equilibrated temperature.

Remove the probe, ririse with distilled water, and immerse in either the
pH 4 or pH 10 buffer solution, depending on the expected pH of the
sample.

If the meter does not register the correct pH for that buffer solution,
adjust the calibration knob on the back of the instrument to obtain the
pH of the buffer.

After rinsing, insert the pH probe into the flow cell and allow the
probe to come to equilibrium with the sample water.

Store the pH probe either in ambient air or a buffer solution over-
night, according to the manufacturer’s specifications.

6.2.3 Tripar Analyzer The Tripar Analyzer consists of a temperature sensor, a
specific conductance sensor, and a pH sensor.

Temperature Calibration:

1.

Temperature Zero Adjustment. Connect the temperature sensor and select
temperature as the display parameter. Remove the rear access cover
exposing the sensor calibration potentiometers.

Prepare an ice water slurry and place the temperature sensor in the
solution. Allow the temperature sensor to stabilize for approximately
1 minute while stirring the sensor in the solution vigorously. Using
the adjustment tool provided in the rear cover, adjust the temperature
"zero" potentiometer for a reading of 0.00 °C on the system display.

Temperature Span Adjustment. Prepare a test solution to be used for
temperature calibration. A beaker of water at room temperature works
well as it will not be changing rapidly in temperature. Place the
Tripar temperature sensor in the test solution and allow to stabilize
for approximately 1 minute. Using a precision laboratory thermometer,
measure the temperature of the test solution. At the Tripar rear
panel, adjust the temperature "CAL" potentiometer until the Tripar
display reads the value of the calibration solution.

Best results will be obtained if the temperature "ZERO" and "SPAN"
calibration procedures are repeated.

Conductivity Calibration:

From time to time, the Tripar conductivity circuit will require calibration. A
simple two-point calibration procedure is used by first adjusting the conductivi-
ty zero and then the span.

NTC_Orl.POP
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Conductivity Zero Adjustment. With the conductivity sensor clean, dry,
and in air, adjust the conductivity "zero" potentiometer for a reading

of 0000 on the Tripar display.

Conductivity Span Adjustment., Totally immerse the Tripar conductivity
sensor in calibration solution of known conductance. Note that the
reading displayed on the Tripar is a temperature corrected value to 25
°C. Therefore, the value of the standard solution must be calculated
to 25 °C. Also, the value of the calibration solution should fall in

the upper 50 percent of the ranges to be calibrated (i.e., adjustment

of the 1,000 micromhos range should be accomplished with a 500 to
1,000 micromhos standard). Once the sensor has stabilized in the
solution for approximately 1 minute, adJust the conductivity "CAL"
potentiometer at the Tripar rear panel for a reading on the display
equal to the temperature corrected Value of the standard solutlon

Best results w1ll be obtained if the conductivity ZERO and SPAN proce-
dures are repeated.

pH Calibration:

1.

NTC_Orl.POP
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pH Standardization. The pH sensor should be standardized before each
use after long storage. First, moisten the electrode body with tap
water and carefully remove the plastic storage cap covering the tip of
the electrode. Care should be taken not to bend the body of the
electrode as this can result in damage to the internal element.

For first-time use after long storage, immerse the lower end of the
electrode in tap water for 30 minutes. This hydrates the pH bulb and
prepares the ceramic wick for contact with test solutions. If air
bubbles are present in the pH bulb, shake the electrode downward to
£fill the bulb with solution.

Prepare a small sample of pH 7 buffer solution and measure the tempera-
ture of the buffer. Rinse the pH electrode with distilled water and
immerse the pH bulb in the reference buffer. Set the compensation dial
in the Tripar front panel to the temperature of the buffer, allow
several minutes for the sensor to reach equilibrium, and stir the
sensor slightly to dislodge any possible air bubbles from the electrode
tip. Using the "Standardize" potentiometer, adjust for a reading of pH
7.00 on the Tripar display.

pH Slope Adjustment. Very infrequently, the pH slope adjustment may
require recalibration. This adjustment is available at the Tripar
readout rear panel. To accomplish this adjustment, prepare a test
solution of pH 4 or 10. Measure the temperature of the solution and
make the appropriate setting at the pH "Compensation" dial. Rinse the
pH electrode in distilled water and immerse in the buffer solution.
Allow several minutes for the sensor to equilibrate and stir the
electrode slightly. Using the pH "Slope" potentiometer available at
the rear panel, adjust the Tripar readout module for a reading equal to
the value of the buffer solution. For best results, the pH "Standard-
ize" and "Slope" adjustments should be repeated at least once.
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Note that some interference may be seen on the pH reading if the Tripar
conductivity sensor is present in the same test solution as the pH
sensor.

6.2.4 Photoionization Meters A number of PID meters are available for field
use, as described below.

HNu™. With the probe attached to the instrument, turn the function switch to the
battery check position. The needle on the meter should read within or above the
green battery area on the scale plate. If the needle is in the lower position
of the battery arc, the instrument should be recharged prior to any calibration.
If the red LED comes "on," the battery should be recharged. Next, turn the
function switch to the "on" position. In this position, the ultraviolet (UV)
light source should be on.

To zero the instrument, turn the function switch to the standby position and
rotate the zero potentiometer until the meter reads zero. Clockwise rotation of
the zero potentiometer produces an upscale deflection, while counter-clockwise
rotation yields a downscale deflection. If the span adjustment setting is
changed after zero is set, the zero should be rechecked and adjusted if
necessary. Walt 15 to 20 seconds to ensure that the zero reading is stable. If
necessary, readjust the zero. The instrument is now ready for calibration by
switching the function switch to the proper measurement range.

Using nontoxic analyzed isobutylene gas available from the manufacturer in pres-
surized containers, connect the cylinder with the analyzed gas mixture to the end
of the probe with a piece of tubing. Open the valve of the pressurized container
until a slight flow is indicated and the instrument draws in the volume of sample
required for detection. Adjust the span potentiometer so that the instrument is
reading the stated value of the calibration gas. '

If the instrument span setting is changed, the instrument should be turned back
to the standby position and the electronic zero should be readjusted, if
necessary. If the instrument does not calibrate, it may be necessary to clean
the probe or the lamp connection.

Photovac™ Total Ionizables Present (TIP). The name of this instrument is derived
from the fact that it measures TIP. Turn power switch on by first pulling knob
out and then up. Allow the TIP to warm up for 5 minutes prior to use. Turn span
knob to max (9) and zero knob to *ZERO." Attach "zero air" cylinder to TIP inlet
using PVC tubing. Zero instrument using zero knob only. (TIP is very sensitive
so stable reading of absolute zero is difficult and not necessary to achieve.)
Next, attach isobutylene cylinder to TIP inlet. Use the span knob to adjust TIP
reading to the concentration number on the isobutylene cylinder (usually 60 ppm).
Remove cylinder. TIP is now calibrated and ready for use. (Calibration should
be checked often because TIP has tendency to drift.) When finished, turn power
off by pulling switch out and down. Recharge instrument overnight. (Battery
charger must be pushed into place and then screwed into bottom of TIP.)

MicroTIP™ I5-3000. Calibration of the instrument will follow procedures in the
manufacturer’s operation manual. First, zero the instrument. Usually clean
ambient air will be suitable as zero air. If there is any doubt, use a
commercial source of zero grade air. Iscbutylene at 100 ppm in air is the span

NTC_Orl.POP
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gas for calibration. To calibrate the instrument, use the calibration kit as

follows.

1.

10.

11.

12.

13.

Connect the supplied regulator to the span gas cylinder. Hand tighten
the fittings. Observe proper handling techniques for all gases.

Open the valve on the gas bag by turning the valve stem fully counter-
clockwise.

Attach the nut to the regulator. Hand tighten the fittings.

Turn the regulator knob counterclockwise about half a turn to start the

~flow of gas.

Fill the gas bag about half full and then close the regulator fully
clockwise to turn off the flow of gas.

Disconnect the bag from the adaptor and empty it. Flush the bag a few
times with the span gas and then fill it.

Close the gas bag by turning the valve clockwise.

Press SETUP and select the desired CAL memory with the arrow keys and
press ENTER. Press EXIT to return to the normal display.

Note: MicroTIP has 10 CAL memories and can be calibrated with 10
different span gases or response factors if desired. Only one
cal memory can be used at a time. Each memory stores a
different response factor, zero point, and sensitivity. (See
instruction manual for information on programming the CAL
memories).

Press CAL and enter the desired response factor. (Use Table 2, on page
21 of the instruction manual, to find the correct response factor for
the compound of interest). If you are not looking specifically for one
compound, then enter 1.00.

Note: The concentration detected by MicroTIP will be multiplied by
the response factor before it is displayed and logged.

Expose MicroTIP to zero air. Press ENTER and MicroTIP sets its zero
point.

The MicroTIP is then ready for the span gas concentration to be
entered. Enter the known span gas concentration and then connect the
span gas bag adaptor to the inlet.

Press ENTER to set the MicroTIP sensitivity.

When MiroTIP display reverts to normal, the MicroTIP is calibrated and
ready for use. Remove the span gas bag from the unit.

Organic Vapor Meter (OVM). An OVM is another variety of PID that will be used

during this investigation. The calibration procedure for the Thermo Electron

NTC_Or.POP
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Ihstruments, Inc., Model 580B OVM is as follows. Refer to the instrument
operating manual for additional details.

1.

2.

10.

11.

12.

13.

14,

Hit ON/OFF toggle once.

Wait until lamp lights (screen will display "PPM = _ _").
Hit MODE toggle. |

Hit -/CRSR toggle until "RESET" to CALIBRATE comes up.

Hit RESET toggle to enter calibration mode. (Screen will display "ZERO
GAS RESET WHEN READY".)

Hit -/CRSR toggle.

Connect zero gas canister via tube and gauge supplied with OVM. Open
valve on gauge.

Hit RESET toggle. Screen will display "Model 580 Zeroing."

When zeroing is complete, screen will display "SPAN/PPM = 0000".

Span gas concentration (Isobutylene 100 ppm) is entered by hitting
RESET and +/INC toggles simultaneously to increment digit above cursor

or RESET and -/CRSR simultaneously to move the cursor.

When correct value has been entered, hit +/INC toggle. (Screen will
display "SPAN GAS RESET WHEN READY.")

Connect span gas canister via tubing and gauge. Open valve on gauge.
Hit RESET toggle. Screen will display "Model 580 Calibrating."
When calibration is complete, the screen display will return to "RESET"

to CALIBRATE. 1If calibration is acceptable, hit MODE toggle to return
screen to run mode.

6.2.5 YellowSprings Instrument Oxidation-Reduction Potential Electrode Assemblz
(Model 4540) The oxidation-reduction potential (ORP) device consists of an

electrode assembly and cable designed for use with the YSI 3560 Water Quality
Monitor System and similar ORP measuring systems.

1.

NTC_Orl.POP
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Place the shorting cap on the pH input jack. Rinse the ORP electrode
and a temperature sensor with deionized or distilled water and connect
them to the meter. Pat dry with a laboratory tissue. Follow with a
rinse of a small amount of reconstituted YSI 3682 Zobell solution.

Pour 3682 Zobell Solution into a sample cup (such as one from the YSI
3565 Sample Cup Pack) and immerse the ORP electrode and temperature
sensor in the solution.

Turn on the instrument and allow the sensors to equilibrate in the

solution.

6-6
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Set the function switch to the millivolt (mV) mode. Read the temper-
ature and calculate the correction to 25 °C by adding 1.3 mV for each
degree below 25 °C, or by subtracting 1.3 mV for each degree above 25
°C; or determine the correction by use of the table provided in the
Zobell Solution instrument sheet. A corrected reading within 25 mV of
the value indicated assures correct electrode function.

Flame Ionizatioh Detectors (FIDs) A number of FIDs are available for

field use, as described below.

Century Model OVA 128 Organic Vapor Analvzer

1.

2.

10.

11.

12.

Set calibrate switch to X10 and gas select control to 300.
Adjust meter reading to zero with the calibrate adjust knob.

Introduce a methane calibration gas of 95 ppm and adjust trimpot R-32
so the meter reading is 95 ppm.

Turn off hydrogen supply valve to put out flame.

Leave calibration switch on X10 position and use calibrate adjust knob
to adjust meter reading to 4 ppm.

Place calibrate switch in X1 position and using trimpot R-31 adjust
meter reading to 4 ppm.

Move calibrate switch to X10 position again. Use calibrate adjust
(zero) knob to adjust meter to a reading of 40 ppm.

Move calibrate switch to X100 position and use trimpot R-33 to adjust
meter reading to 400 ppm.

Move calibrate adjust (zero) knob to adjust meter reading to zero.

Unit is now balanced from range to range, calibrated to methane, and
ready to be placed in normal service.

Note: Carbon filters are used to distinguish between methane and VOCs.

Note: background corrections are made for measured responses for soil
borings or split-spoon samples analyzed in ambient air.

Heath PortaFID™ IT OVA-FID. Calibration of the instrument will follow procedures

outlined in the manufacturer’s operation manual. To set up the calibration
procedure, ignite and run the instrument for approximately 1 hour to stabilize.
Set the instrument on a flat horizontal surface (the instrument must remain in
this position throughout the calibration procedure). Now proceed as follows.

1.

NTC_Orl.POP
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The meter needle should be set to zero by adjusting the zero control
knob.

Depress the 500 ppm range switch.
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10.

11.

NTC_Or!,POP
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There should be no significant drift or movement of the meter needle.
The needle should remain relatively stable on zero.

Note: calibration must be conducted in a hydrocarbon-free atmosphere
(clean air).

Attach calibration kit regulator assembly to calibration cylinder, turn
calibration cylinder valve knob counterclockwise (one half to one
turn). Do NOT force the knob all the way counterclockwise (open).
Attach calibration kit outlet connector to the hand-held unit by
pushing the connector firmly into the sample inlet quick disconnect on
the housing.

Within 30 seconds the meter needle should start moving upscale.

Allow the unit to run at least 30 seconds before checking the meter.

The meter needle should register within one division of 10 on the
instrument meter scale.

If an adjustment 1s necessary to bring the meter to within one division
of 10 on the 500 ppm scale, an adjusting control is supplied with the
hand-held unit located inside the bottom rear of the instrument.

Adjust control to the proper level. Calibration is complete.

Repeat steps 1 through 8 to verify calibration.
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7.0 ANALYTICAL PROCEDURES

Sample analyses conducted during field investigation activities at NTC, Orlando
range from onsite analytical field screening analyses to CLP laboratory analyses.
This section addresses the field screening and laboratory analytical methods and
associated DQO levels for the media to be sampled during the NTC, Orlando
project. The analytical method references are outlined in Table 7-1.

Field Screening Analytical Data. Field screening data provide real-time
qualitative data and quantitative data conforming to Level II DQOs. Screening
methods will be employed to attempt to define high concentration areas and to
gain information concerning the horizontal and vertical extent of contamination.
These analytical results will be evaluated to determine optimal locations for the
collection of confirmatory soil, groundwater, surface water, and sediment
samples. A minimum of 5 percent of samples collected for field screening
analyses will be analyzed at Level IV DQO for confirmation.

Laboratory Analvtical Data. Laboratory analytical data will be used for
confirmatory sampling. These data will provide qualitative and quantitative data
concerning type, concentration, and distribution of contaminants. In any level
of QC and for any POI where volatiles and semivolatiles are analyzed by GC/MS,
the current CLP methods will be used.

7.1 SELECTION OF PARAMETERS. Based on a review of the NTC, Orlando operational
history and previous investigation, samples will be analyzed for a list of
analytical parameters selected for this investigation. The lists of analytes are
found in Table 7-1. Additional parameters may need to be added to the list as
required on a POI-specific basis.

7.2 LABORATORY AND METHOD CERTIFICATION. Analyses will be performed by an FDEP-
and NEESA-approved CLP laboratory. CLP methods are available for the analyses
of VQOCs, SVOCs, PCBs, and pesticides and inorganics. In the event that
additional methods are needed where no CLP methods exist, USEPA-approved methods
will be used whenever possible.

In addition, soil samples will be collected for geotechnical evaluation.
Physical soil testing will be conducted on the soil samples using the procedures
and equipment in compliance with current ASTM standards. The tests to be
performed include Atterberg Limits, sieve grain size distribution, and assignment
of USCS symbols equivalent to ASTM D-2.487-69. All samples will be sent,
following proper COC procedures, to a geotechnical testing laboratory.

7.3 LABORATORY QUALITY CONTROL PROGRAM. The laboratory subcontractor is

responsible for generation of a detailed Laboratory QA Plan. This plan will also
be approved during the NEESA and FDEP certification program.

The laboratory will submit quality control reports as specified in the laboratory
QA program. The Consultant will review the control charts periodically to ensure
that the subcontract laboratory is performing analyses in compliance with CLP
criteria.

NTC_Orl.FOP
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Table 7-1

Laboratory Analytical Program

Project Operations Plan for Site investigations

and Remedial investigations

NTC, Orlando, Oriando, Florida

Media Analytes Method Reference DQO Level
Soils TCL volatiles Purge and trap GC/MS  CLP lor v
TCL semivolatiles GC/MS CLP Wor iV
TAL inorganics AA/ICP CLP or SW846 orlv
TCL pesticide and PCBs GC/ECD CLP or SW846 (8080) HorlV
TCL herbicides GC/ECD CLP or SW846 (8150) Mor IV
TPH Sws46 (418.1) orlv
Total organic carbon Combustion SW846(9060) il
Grain-size distribution Sieve analysis ASTM D 422 i
Selected screening volatile GC/ECD/PID Swe46-M i
Selected screening semivolatile GC/ECD/PID Swg4s-M il
Selected screening PCBs Immunoassay Test Kit SW846-M (4020) i
Selected screening inorganics X-ray fluorescence Swsg4s-M il
Groundwater  TCL volatiles Purge and trap GC/MS  CLP (low level) Mor vV
TCL semivolatiles' GC/MS cLP lor IV
TAL inorganics AA/ICP CLP or SW846 or IV
TCL pesticides and PCBs GC/ECD CLP or SW846 (8080) or iV
TCL herbicides GC/ECD CLP or SW846 (8150) Wor iV
TPH SW846 (418.1) Mor IV
Selected screening volatile GC/ECD/PID Sws4s-M Il
Selected screening semivolatile GC/ECD/PID Swa4e-M Il
Selected screening pesticides and PCBs GC/ECD/PID SWg46-M It
Selected screening inorganics X-ray fluorescence SWs46-M ]
Selected radionuclides-gamma scan Scintillation counter (101.1) m
Selected radionuclides-alpha or beta scan Scintillation counter (8310) il
Sediments TCL volatiles Purge and trap GC/MS  CLP orlV
TCL semivolatiles GC/MS CLP tor vV
TAL inorganics- AA/ICP CLP or SW846 litor IV
TCL pesticides and PCBs GC/ECD CLP or SW846 (8080) HoriV
Total organic carbon Combustion SW846(9060) i
Surface water  TCL volatiles Purge and trap GC/MS CLP Mor iV
TCL semivolatiles GC/MS CLP lltor IV
TAL inorganics AA/ICP CLP or SW846 (8080) for vV
TCL pesticides and PCBs GC/ECD CLP or SW846 orlV

! To achieve Florida maximum contaminant levels (MCLs) for all parameters, selective ion monitoring will be used in
conjunction with standard CLP methods for detection of pentachlorophenol, hexachlorobenzene, and bis{2-ethylhexyl)phtha-
late. SW846 Method 8310, a high performance liquid chromatography method, will be used to detect benzo(a)pyrene at

MCLs.

Notes: DQO = data quality objectives.
TCL = target compound list.

GC/MS = gas chromatograph/mass spectrometry.

CLP = Contract Laboratory Program (USEPA, 1991a; 1891b).
TAL = target analyte list.
AA/ICP = atomic absorption/inductively coupled plasma.
PCBs = polychlorinated biphenyis.
GC/ECD/PID = gas chromatography/electron capture detection/photoionization detector.

ASTM = American Society for Testing and Materials. ‘
M = method for field screening.

SW846 = Test Methods for Evaluating Solid Waste. |

TPH = total petrcleum hydrocarbons.

NTC_Ori.PoP
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7.4 HOLDING TIMES. Analyses to be performed for this investigation will be
initiated within specified time limits (i.e., sample holding times) to avoid
degradation of the parameters being analyzed. When required, samples will be
preserved in the field prior to shipment to the laboratory. Sample preservation
and holding time requirements were presented in Section 4.2 (see Table 4-1).
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING

Reliable analytical field measurements of environmental samples require continuous
monitoring and evaluation of the analytical processes involved. Depending on what
is required of the analysis, how the results will be used, and what the expected
results may be, QC requirements necessary to accomplish the objectives can and do
vary substantially.

Data collected from investigative activities include survey data, field screening
data, and laboratory analytical data. To represent data generated from field
investigative activities in a usable form, a number of steps are required. Raw
data are "reduced" for final reporting, formatting, and interpretation; "validated"
when data are reviewed for accuracy; and reported when all parameters and require-
ments have been met.

8.1 DATA REDUCTION. Data reduction is the process of converting measurement
system outputs to an expression of the parameter that is consistent with the
comparability objective. Analytical results collected from both field and
laboratory analytical instruments will be reduced to the concentration units
specified in the analytical procedures using the equations provided in the
analytical references in Chapter 7.0. Data reduction of laboratory data is
conducted by the analytical laboratory. Reduction of data collected from field
analytical instruments will be performed onsite by the analyst. All analysts will
be trained in the required data reduction procedures required for the measurement. -

Reduction of data for field measurements made by the OVA with an FID or PID will
be performed according to the following formula to determine the OVA reading in

ppm:

Correct OVA Reading = (Direct Instrument Reading of Sample) (6)
- (Direct Instrument Reading of Sample Using
An Activated Charcoal Filter)

The list below identifies the field measurements read directly from the instrument
in which data reduction is required.

*+ direct read instruments include pH meter, Model EP/pH;
. specific conductivity meter (PI Dsph-1pH); and
. water level indicator (ORS Interface Probe).

Analyses in the field will be performed by a trained field engineer or scientist.
They are responsible for properly documenting and performing calculations of
results that require data reduction.

Field activities and data calculations will be documented in hard-bound log books
that indicate conversions of raw data to qualitative and quantitative results.
Entries are made describing what samples will be taken and analyzed, the locations,
raw data, and calculations. The activities will be performed by environmental
scientists, field technicians, geologists, and engineers.
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8.2 VALIDATION. Validation of measurements is a systematic process of reviewing
a body of data to provide assurance that the data are adequate for their intended
use and includes a review of PARCC parameters. Sample results are validated
through comparison to QA/QC data to assure that analytical results fall within
acceptable accuracy and precision confidence limits and to eliminate, correct, or
flag matrix and other interference effects.

Laboratory Data. All data received from contract laboratories are validated and
verified. Data validation is performed as soon as the laboratory data are
received. Data validation will be conducted in accordance with NEESA document
Sampling and Chemical Analysis Quality Assurance Requirements for the Navy
Installation Restoration Program (1988). Other applicable guidance documents
include the USEPA Functional Guidelines for Evaluating Organic Analyses {USEPA,
1988b) and the USEPA Functional Guidelines for Evaluating Inorganic Analyses
(USEPA, 1988a). Validation includes a rigorous review of sample custody, holding
times, sample extraction and preparation, GC/MS Spectrometry tuning, initial and
daily calibration, surrogate performance, MS/MSD performance, method calibration,
method, field and trip blank contamination, detection limits and detection limit
standards, analytical sequences, interferences, laboratory and field duplicates,
serial dilutions, laboratory control samples, post-digestion spike results, and
method of standard addition results.

If data validation is performed by a subcontractor, then 10 percent of all
validated data will be reviewed for accuracy, completeness, and for conformance
with validation guidance documents.

During validation, the COC is reviewed for completeness and the field documentation
is checked to determine at what point in the sampling sequence the equipment
rinsate blank was collected, the origin of the field blank water and decontamina-
tion solvent, the source of the sample bottles, and whether the correct number of
samples and blanks were collected in accordance with the workplan. During the data
validation process the data are reviewed for the presence of any obvious anomalous
values.

Validated data will be prepared in the following formats representing:

. laboratory data package as received from the laboratory, tabulated by
media and analytical fraction; and

. annotated data resulting from the review process, tabulated in a similar
format.

Field Screening Data. Field screening data provide real-time qualitative data and
Level II quantitative data. This information is useful for determining strategic
sampling locations. Greater variability may be expected from field screening
methods and, due to time constraints, the field analytical data will not be
formally validated in the same manner as laboratory data; however, the data will
be carefully screened and evaluated.

Before field results are reported, they are subject to review. The field analyst
has the initial responsibility for proper instrument condition and calibration, for
the data meeting all acceptance criteria, and for the accuracy of all calculations.
The analyst has the responsibility to correct all deficiencies at the time that
they are discovered. An independent review is then conducted by a peer analyst,
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receipt, and validated sample receipt, as well as various steps in the process
needed to ensure the quality of the electronic data. As each milestone is
achieved, the sample data manager records the achievement in a sample data
management database. This database is a secure database backed-up daily on a 14-
day cycle. The back-up is stored in a fire-safe wvault for 2 weeks, At the
conclusion of the project, the sample data manager archives the database and makes
two copies to store in separate storage facilities. An example data tracking
report form is presented in Figure 8-2.

Field data management procedures vary depending on the type of data collected. In
all cases, two hard copies of the data exist. One copy resides in the field
office, and one copy resides in the home office. Where appropriate, electronic
field data also exist. The main objectives of the field data manager are to store
the field data and to ensure the integrity of any reproductions of the field data.
When the project is completed, the data manager ensures that two correct copies of
all field data exist. The field data manager stores each copy in a separate
storage facility.
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9.0 INTERNAL QUALITY CONTROL

QC procedures have been established for both field activities and laboratory
activities. The number and types of QC samples collected for each POI will be
specified in the task specific workplans. A brief description of the types of
field and laboratory QC samples and frequency of collection is presented below.

9.1 FIELD QC ACTIVITIES. Field quality control activities include the use of
calibration standards and blanks for pH, specific conductance, temperature, and
photoionization, and flame ionization measurements. Field QC samples to be
submitted to the laboratory include trip blanks, equipment rinsate blanks, field -
water blanks, and field duplicates. The frequency of field QC samples is
summarized in Table 9-1. Field QC samples are analyzed in the laboratory as
samples, and their purpose is to assess transport, decontamination procedures, and
sampling procedures as possible sources of sample contamination and to document
overall sampling and analytical precision. Field staff may add blanks or
duplicates if field circumstances are such that they consider normal procedures
insufficient to prevent or control sample contamination, or at the direction of the
Consultant’s project TOM. A brief description of field QC samples for NTC, Orlando
and the frequency of collection is shown below.

Table 9-1
Frequency Requirements for Field QC Samples

Project Operations Plan for Site investigations
and Remedial investigations
NTC, Orlando, Orlando, Florida

Type Frequency

Trip Blank {volatiles only) One per cooler containing volatile organic compounc!
samples

Equipment Rinsate Blank

Precleaned Equipment Blank Minimum of one, then at 5 percent of equipment sets
for all parameters measured.

Field Cleaned Equipment Blank One per day per sampling event for ail parameters
measured.
Field Water Blank Two per source for all parameters measured (one at the
beginning of the project and one at end).
Field Duplicates 10 percent per sample matrix for all parameters
measured.
Background Samples To be specified in the task specific workplans

9.1.1 Trip Blanks Trip blanks are required for assessing the potential for
contaminating samples with VOCs during sampling, transit, and storage. The trip
blank consists of a volatile organic analytes (VOA) sample container which is
filled with analyte free water at the laboratory and shipped to the site with the
other VOA sample containers. Preservatives or additives are added to the trip
blanks during preparation, if required for that parameter group. The trip blanks
are kept with the investigative samples throughout the sampling event and are
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packaged and shipped with the investigative samples. A trip blank is included
with each cooler of water or soil samples scheduled for VOC analysis and will be
stored and analyzed with the corresponding VOC samples.

9.1.2 Equipment Rinsate Blanks An equipment rinsate is a sample of organic-free
water which has been used to rinse the sampling equipment. This blank is useful
in documenting adequate decontamination of sampling equipment. Two types of
equipment blanks will be collected during NTC, Orlando field activities; a
precleaned equipment rinsate and a field cleaned equipment rinsate.

A precleaned equipment blank is defined as an organic-free water blank of equipment
rinsate performed onsite before sampling begins. Contaminants present within the
sampling equipment are assessed by collecting a sample of organic-free water passed
through the clean sampling apparatus. In addition, field cleaned equipment tlanks
are nollected if equipment is cleaned in the field. A field cleaned ec:!pment
blamnic is defined as an organic-free water blank of equipment rinsate performed
onsite after equipment has been cleaned in the field (i.e., between sampling
points). Contaminants present within or on soil sampling apparatus where intimate
contact with the sample occurs (i.e., split spoon, trowel, and Shelby tubes) are
assessed by rinsing the sampling apparatus with organic-free water following
decontamination. These equipment rinsate blanks are water samples collected
directly into the appropriate bottle for each parameter. Preservatives or
additives must be added to the equipment rinsate, where appropriate, for the
parameter group.

Equipment rinsate blanks are prepared for each parameter group sampled when «
particular piece of sampling equipment is employed for sample collection and
subsequently decontaminated in the field for use in additional sampling. These
blanks must be collected and analyzed for all matrices involved in the sampling
event. Equipment rinsate blanks will not be collected during sampling activities
using dedicated equipment.

9.1.3 Field Water Blanks Field water blanks include a complete set of samples
collected from each water source used in the investigation. One set of samples
will be collected from each water source used at the beginning of the project and
one set at the completion of the project. These blanks should account for
potential artifacts that could be introduced through decontamination procedures.

9.1.4 TField Duplicates Field duplicates are designed to assess the precision of
the overall sampling and analytical techniques and the homogeneity of the sampling
media. These samples will be submitted for analysis of all parameters specified
for the media sampled. Field duplicate samples will be collected at a frequency
of 10 percent per matrix. The identity of the duplicate samples will not be
revealed to the laboratory.

9.1.5 Background Samples Background samples are collected from areas upgradient
and away from known or suspected contaminated areas. Several background (also
called upgradient) samples will be collected from each matrix. The estimated
number and location of these samples at each POI will be presented in the task-
specific workplans. Background samples allow identification of possible upgradient
sources and/or confirm upgradient contamination. In addition, background inorganic
analyses allow the estimation of concentrations for naturally occurring compounds.
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9.2 LABORATORY QUALITY CONTROL (QC) ACTIVITIES. Laboratory quality controls are
addressed in detail in the Laboratory QA Plan submitted as part of the laboratory
approval process. The laboratory QC for chemical analyses is based on criteria
developed in the CLP and in the specific analytical methods. The analysis of
control samples (e.g., surrogates and method blanks) is routinely done to monitor
the performance of each analytical method.

9.2.1 Matrix Spike and Matrix Spike Duplicate Samples An important element of the
NTC, Orlando effort will be the collection and analysis of samples to evaluate
matrix effects on target compound response. Matrix spike and matrix spike
duplicate samples will be prepared in the laboratory by adding a known amount of
pure compounds to an environmental sample to simulate background and interference
found in actual samples. For Level IV analyses the current CLP requirements are
specified. For methods not defined in the CLP, MS/MSDs will be performed for every
20 samples of similar matrix. A similar matrix is defined as soil or water from
the same NTC, Orlando Facility (i.e., the Main Base, McCoy Annex, Herndon Annex,
and Area "C"). For metals analysis, a laboratory duplicate and a matrix spike are
required for every 20 samples of a similar matrix. For Level III analyses, a
MS/MSDs and a matrix spike duplicate are required for volatiles, semivolatiles, and
all GC analyses for every 20 samples of a similar matrix. For metals analyses at
Level III a laboratory duplicate and matrix spike are required for every 20 samples
of a similar matrix.
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10.0 QUALITY ASSURANCE ACTIVITIES

Audits are performed to ensure and document that QC measures are being utilized to
provide data of acceptable quality, and that subsequent calculations, interpreta-
tion, and other project outputs are checked and validated. Both scheduled and
unscheduled audits are provided for in the QA program.

System and performance audits may be conducted by the QAM. The QAM may also
conduct project audits of calculations, interpretations, and reports which are
based on the measurement system outputs. Audits of field work and reviews of the
project assessment elements may also be conducted by the QA Manger. The Laboratory
QAC will perform systems, methods, and performance audits in accordance with the
Laboratory QA Plan. A minimum of one internal audit will be scheduled by the QAM
in coordination with the TOM during the SS/SI/RI activities. Internal audits will
be performed as outlined in Section 10.3. All audit records, including audit
plans, reports, written responses and corrective action forms, will be maintained
with the project files. Sections 10.1 through 10.5 describe the varieties and
associated requirements of audits.

In addition to routine audits, project and deliverable review systems will be
implemented to assess scope compliance and overall technical quallty of the
contracted services.

10.1 SYSTEMS AUDIT. A systems audit is a review of a specific standard operating
procedure or program. It is performed to evaluate the conformance of each activity
with requirements. A systems audit may be conducted to determine that proper
procedures, checks, and documentation are being completed. Systems audits may
address field, office, or laboratory procedures.

The types of system audits to be performed are described in this section.

Facilities and Equipment. The audit will address whether field equipment and
analytical instruments are selected and used to meet requirements specified by the
project objectives stated in the POP or the task-specific workplan. Equipment and
facilities provided for personnel health and safety may also be evaluated.
Calibration and documentation procedures for instruments used in the field will
also be reviewed.

Analytical Laboratories. Only FDEP- and NEESA-approved and CLP-certified
laboratories will be contracted to provide services for NTC, Orlando. 3Systems

audits may be performed of each laboratory

Sampling and Sample Handling Procedure. An audit of scheduled samples versus

samples collected versus samples received for analysis may be performed. Field
documentation may be reviewed. If deemed necessary, a site visit to NTC, Orlando
will be made to ensure that designated control procedures are practiced during
sampling activities.

Data Handling. During a systems audit, the QAM will review data handling
procedures with the TOM. Accuracy, consistency, documentation, and appropriate
selection of methodologies will be discussed.
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For each field or systems audit, a checklist, described in Section 10.3, will be
prepared and submitted to the Consultant’'s TOM.

10.2 PERFORMANCE AUDIT. These audits are intended primarily for the analytical
data generation systems. The contracted analytical laboratories are CLP qualified
and are pre-approved as part of the FDEP and NEESA laboratory certification
programs. Periodic field performance audits are conducted to determine that
instrument calibrations, QC checks, and continuing calibration verifications are
being performed as specified by the appropriate SO0Ps. Project-specific field
activities are also compared to the workplan.

The QAM is responsible for ensuring that routine performance audits are carried out
as appropriate. Performance audits consist of reviews of logged calibration or
standardization results and execution of measurement calibration operations, and
may also consist of analysis of measurements or introduced standards or samples of
known result.

10.3 AUDIT COMPONENTS

Scheduling. Audits will be scheduled by the QAM in coordination with the TOM or
other responsible manager of the activity to be audited. The necessity and
frequency of audits will be determined during the workplan development.

Planning. ' .

1. The auditor will complete an audit plan that includes a checklist with the
following items:

Date of Audit: Projected date and actual date.

Reason for Audit: Scheduled, Requested by, etec.

Applicable Documents: Workplan, SAP, QAPP, POP, SOPs, etc.

Scope: Activities to be monitored.

List: List of items to be checked compiled from applicable documents.
The list will address such issues as:

. organization and responsibilities,

. documentation procedures,

. sampling procedure, and

. applicable standard operating procedures.

2. The auditor will notify the TOM or Line Manager regarding the date and
scope of the audit. It is the responsibility of the TOM or Line Manager
to notify all affected personnel.

3. The auditor will determine if technical specialists are desirable to
assist in performing the audit.

Performance.

1. The auditor(s) will meet with the TOM, or Line Manager, to explain the
purpose and scope of the audit.
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2. The auditor(s) will complete the audit checklist by reviewing docu-

mentation, observing activities, and interviewing field or office

~ persomnel. A draft audit report consisting of a list of findings and

observations will be compiled by the auditor(s) prior to the post-audit

meeting and will be submitted in writing to the leader of the activity
audited. It will address these items that require corrective action.

3. At the completion of the audit, the auditor(s) will hold a post-audit
meeting with the TOM and other responsible personnel to discuss the
results of the audit.

The purpose of the post audit meeting is to ensure that all parties
understand the draft audit observations. Any discrepancies that cannot
be resolved will be noted on the draft paper.

4. Any discrepancy or observation that requires correction will be addressed
either through a Corrective Action Form or, if the integrity of the
program is threatened, through a Stop Work Notice.

Reporting.

1. The final audit report will be prepared by the audit team and will be
- 'reviewed and approved by the QAM.

2. A copy of the approved final audit report will be submitted to personnel
as designated by the TOM: .

The PM or designee will complete and submit Corrective Action Form(s) to document
that the problem has been addressed. The CLEAN Task Order Manager has final
responsibility for resolving any disagreements between the auditor and project
personnel. All audit records, including audit plans, checklist reports, written
responses, and Corrective Action Forms, will be maintained with the project files.

10.4 PROJECT REVIEWS. Project reviews are scheduled and conducted by the
Consultant’s TOM. The intent of a project review is to assess scope compliance and
overall technical quality of the contracted services. A project review is

appropriate at instances such as (1) sampling design plan finalization, (2) end of
field program; and (3) determination of conclusion and recommendations. Documenta-
tion of the project review, especially identified action items and their follow-up,
is essential to maximizing the utility of these reviews.

10.5 QUALITY ASSURANCE AUDIT REPORT. QA audits are conducted at the request of
management or clients and occur less frequently than project reviews. A written
report of a QA project audit will include the following:

. an assessment of project team status in each major project area,

. clear statements of areas requiring improvement or problems to be
corrected,
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. recommendations and assistance regarding proposed corrective actions or
system improvements (i1f no action is required, the report will state that
the QA audit was satisfactorily completed), and

. a timetable for any corrective action required.

Distribution of the report will be as determined by the TOM. This form will cover
any field or laboratory audit checklist (intermal) or external audit performed.
The QAM is responsible for the coordination of such audits, the disposition of the
audit records, and the monitoring of corrective actions.

10.6 QUALITY REVIEW OF STUDIES AND REPORT PREPARATION. The purpose of quality
review through the course of studies, designs, and reports is to ensure that the
service, designs, and documents meet currently accepted prufessional standards and
project rezquirements. QA reviews will be scheduled on a rwutine basis for the NTC,
Orlando project. The Project Review Committee will be an integral part of this
process.

QA during the preparation of studies and reports relies on documentation of data
utilized and peer review of conclusions drawn from the assembled data base. This
allows all data base components to be traced to the primary generator and forces
a review of data quality as the database is developed. Project personnel are
responsible for utilization and monitoring of this process; compliance is audited
by the QAM. Upon completion of the data base, data interpretation, evaluation, and
report preparation commence. Data evaluation incorporates peer review to provide
. broad-based insight to data correlations and interactions.

To enhance the professional quality of the company’s studies and reports, the
Project TOM will also (1) require that reports refer to and are consistent in scope
with the project proposal and contract, and (2) require that report language and
contents be chosen to foster client understanding of risks and uncertainties by
distinguishing fact from opinion and identifying risks and limitations in a clear
and informative manner.

Implementation of QA for reports involves the use of a review routing and sign-off
form. Figure 10-1 illustrates a Deliverable Review Tracking Form. The Project TOM
provides final review and release for all deliverables.
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11.0 PROBLEM PREVENTION

Problem prevention procedures attempt to control problems before they occur and
before they have an adverse impact on the project. Program management and project
personnel are required to plan and implement projects utilizing readiness review,
project technical reviews, audits, and corrective action measures to anticipate,
identify, and correct problems.

Program management and project personnel will identify events or other signals that
could indicate development of problems and take early action to implement
corrective measures. Proper project planning includes the development of technical
workplans, field sampling and analysis plans, HASPs, and QA/QC project plans.

At the initiation of a project a review will be conducted to verify proper planning
for the project. A list of potential topics for review include project organiza-
tion and staff availability, project funding, subcontracts, schedules, mobilization
plans, and equipment and supplies.

11.1 ANALYTICAL INSTRUMENTATION. The contracted analytical laboratories follow a
well-defined program to prevent the failure of laboratory equipment or instrumenta-
tion during use. Preventive maintenance of analytical instrumentation and
equipment for the contract laboratories will be performed in accordance with the
CLP requirements and the individual laboratory QA/QC program.

’

11.2 FIELD SAMPLING INSTRUMENTS. Preventive maintenance of field sampling
equipment and instrumentation, which is performed by analysts, field personnel, and
sample program staging area staff, routinely precedes each sampling event; more
extensive maintenance is performed by manufacturers on the basis of hours in use.
Sampling crews report on the performance of the equipment after each sampling
event. Critical spare parts are kept in stock. At times, it is necessary to
perform routine maintenance in the field; therefore, each field instrument is
provided with an operating manual.

For field analytical instrumentation, preventative maintenance will be performed
by the analysts according to the procedures delineated in the manufacturer’s
instrument manual. For example, GC injection liners and injector septa are cleaned
or replaced on a regular basis. Maintenance is performed routinely as specified
or when instrument performance begins to decline as evidenced by the decrease in
peak resolution, shift in calibration curves, decreased sensitivity, or failure to
meet the quality control criteria.

Instrument logbooks will be maintained in the field laboratories. They contain
records of usage, calibration, maintenance and repairs. Adequate supplies of spare
parts for field analytical instruments such as GC columns, syringes, and septa are
maintained in the laboratories so that they are available when needed.

NTC_Orl.POP
MVL.07.94 11-1




Chapter No._12 ., Revision No.__0 .
Date July 13, 1994 , Page 1 of 2

12.0 DATA ASSESSMENT

The following items are evaluated prior to assessing POI conditions:

. quality of laboratory data
- acceptable
- provisional
- unacceptable

. method limitations
- dynamic range
_ -~ accuracy
- method detection limit
- practical quantitation level
- precision

. sampling/analysis scope and results
- number of replicates at one location
- number of samples for each site/media
- background/downgradient distribution
- consistency/trends of chemical assay data collected at site
- agreement with existing site information

. use of data
- chemical distribution and transport at the site (generally, ordexr-of~
~ magnitude comparisons)
- compliance with standards, regulations, response objectives
- presence or absence of chemical
- treatability
- disposal method for media containing chemicals
- risk assessment

12.1 PRECISION, ACCURACY, REPRODUCIBILITY, COMPLETENESS AND COMPARABILITY (PARCC
PARAMETERS . The purpose of data quality assessment is to ensure that data

generated under the NTC, Orlando project are accurate and consistent with project
data quality objectives. The data assessment will be based on precision, accuracy,
consistency, and completeness. Data quality assessment will be conducted in three
phases: ‘

Phase 1. Prior to data collection, sampling and analysis procedures are evaluated
with regard to their ability to generate the appropriate, technically acceptable
information required to achieve project objectives. The POP meets this requirement
by establishing project objectives defined in terms of parameters, analytical
methods, and required sampling protocols.

Phase 2. During data collection, results will be assessed to ensure that the
selected procedures are efficient and effective and that the data generated provide
sufficient information to achieve project objectives. The appropriateness of the
precision and accuracy of selected measurement systems will also be evaluated. In
general, evaluation of data will be based on performance audits, results of spiked
laboratory sample analyses, and review of completeness objectives.
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Phase 3. Following completion of data collection activities, an assessment of the
adequacy of the data base generated with regard to completing project objectives
will be undertaken by the Project TOM and QAM. Recommendations for improved QC
will be developed, if appropriate. In the event that data gaps are identified, the
QAM may recommend the collection of additional raw data to fully support the
project’s findings and recommendations.

Each phase of the assessment will be conducted in conjunction with appropriate
project staff.

PARCC parameters will be assessment of precision and accuracy of analytical data,
accomplished via review of multiple analyses (precision) and surrogate and/or spike
recovery (accuracy), both in standard water and soil matrices. Accuracy is
expressed as percent recovery. Precision is expressed as the difference between
recoveries for data pairs. Documentation of rubstandard accuracy and precision,
and corrective action if necessary, is a laboratory responsibility. A review of
accuracy in the sample matrix must recognize the impact of matrix interferences.
Precision must be assessed for each sample matrix because distribution of
contaminants may be nonhomogeneous, especially in non-water matrices. Precision
in samples must also be reviewed with knowledge of the matrix and level of analyte
present,

Each certified method provides QC requirements and acceptance criteria. The QC
criteria and required QC samples are specified for each analytical method and are
components of the laboratory QA plan.

Another important component of Phase 3 Data Assessment is identification of
laboratory contamination. Methyl ethyl ketone, acetone, toluene, phthalates, and
methylene chloride are all common laboratory contaminants. Samples associated with
data in which the laboratory blanks contain similar concentrations of these common
laboratory contaminants will not be corrected. Data will only be corrected during
validation according to procedures outlined in the USEPA Functional Guidelines for
Data Review. Documentation of all data correction for nonsite-related contaminants
will be provided in the project report.

12.2 CALCULATION OF DATA QUALITY INDICATORS. The equations used to calculate
precision and accuracy are shown in Section 3.3.

12.3 EVALUATION OF DATA GAPS. All data will be continually assessed and POIs will
be evaluated to determine: (1) if contamination is present, (2) if it presents a
threat, (3) if it has been delineated, and (4) what further action is needed (i.e.,
delineation, interim or early remedial action, or evaluation of remedial
alternatives). The goal is to eliminate lengthy interim report development and
review times by allowing continual data assessment and rapid decision making.
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13.0 CORRECTIVE ACTION

Corrective or preventive action is required when potential or existing conditions
are identified that may adversely impact data quantity or quality. Corrective
action could be immediate or long term. In general, members of the program staff
who identify a condition adversely affecting quality can initiate corrective action
by notifying his/her supervisor and the QAM in writing. The written communication
will identify the condition and explain how it may affect data quality or quantity.

Refer to Table 13-1 for corrective action of field measurements. Inspections,
tests and operating status checks may be necessary to control the use or
installation of faulty, substandard, and/or nonconforming items. Controlled items
may include, but are not limited to field construction and installation items,
equipment, instruments, and software. The Nonconformance Report (NCR), Figure 13-
1, provides a mechanism for avoiding the use of items or services that do not meet
required specifications. These reports can be used to identify and correct and
item, material, service, or activity that dose not comply with contract,
regulatory, or other project requirements. In general, NCRs are filed for hardware
or equipment problems.

Table 13-1
Summary of Corrective Action for Field Measurements

Project Operations Plan for Site Investigations
and Remedial Investigations
NTC, Orlando, Qrlando, Florida

Analysis Control item Acceptance Criteria Corrective Action
Specific conductivity at Check standard 0.00702 +§ percent Recalibrate with fresh
25 °C N potassium chloride 1000 ymhos/cm potassium chioride.
pH pH buffer 4, 7, and 10 +.2 pH ‘ Recalibrate, adjust tem-

perature, and check stan-
dard expiration date.

Temperature +0.1 °C '} Calibrate against NIST
thermometer.

' Precision and accuracy for this method have not been determined.

Notes: °C = degrees Celsius.
umhos/em = micromhos per centimeter.
NIST = National Institute of Standards and Technology.

Any person within the organization may initiate an NCR. The nonconforming item or
action should be brought to the attention of the activity supervisor and the TOM.
The TOM will determine if a stop work order is needed. If materials, instrumenta-
tion, or other items are determined to be out of conformance, they will be clearly
labelled and, if possible, removed from the site. The TOM will consult with the
QAM to determine what action is necessary to correct the nonconformance. If items
are not within specification, and the deviation may impair the quality of the
project, the items will be rejected and returned to the supplier or disposed. If
use of the item will not impair the quality of the project, the item may be used,
if justification is documented. '
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NCR No.:
Date:
Originator:

NONCONFORMANCE REPORT (NCR)

Manufacturer/Vendor:
Lot No./Other [D:

Project:

Specified Requirement:

Nonconforming Condition:

Recommended Disposition
Use-as-Is
Rework

Justification (use as is and repair):

Repair
Reject/Serap

Disposition Approvals:

Date:

Project Manager:
QA Specialist:

Date:

Date:

Technical Representative:

see CAF No.
Potential Impact to Other Projects:

Corrective Action to Prevent Recurrence Yes No

Affected Project Documeats to be Modified:

Disposition Completion By:

Date:

Disposition Verification: By (QAM):

Date:

FIGURE 13-1

EXAMPLE NON-CONFORMANCE REPORT

PROJECT OPERATIONS PLAN

NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 84032 1TWEM
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Actions, procedures, or services that are not in conformance may also be controlled
through a corrective action notice, a stop work order, or a notice to the file.
Documentation of the action or justification for non-action will be attached to the
NCR. If the nonconformance could impact other projects, the PM or the QAM will
notify responsible managers.

13.1 TMMEDTATE CORRECTIVE ACTION. Immediate corrective action is usually applied
to spontaneous, nonrecurring problems (e.g., Iinstrument malfunction). The
individual who detects or suspects nonconformance to previously established
criteria or protocol in equipment, instruments, data, or methods, will fix the
malfunction and reperform the activity. If the measurement system will not go back

into control, the individual will immediately notify his/her supervisor. The
supervisor and the QAM will then investigate the extent of the problem and take the
necessary corrective steps. If a large quantity of data is affected, the

supervisor must prepare a Corrective Action Form (CAF) (Figure 13-2), an NCR, or
a memorandum to the Project TOM and QAM. These individuals will collectively
decide how to proceed. If the problem is limited in scope, the individual will
decide on the corrective action measure and document the solution in the
appropriate workbook or log and notify the TOM and the QAM in a memorandum. If
data loss occurs as a result of the malfunction, the extent of loss will be
assessed by the responsible manager, and approved by the QAM and the Florida
Operations Manager or CLEAN Technical Services Manager. All other affected project
managers will be informed in writing.

4

13.2 1ONG-TERM CORRECTIVE ACTION. Long-term corrective action procedures are
devised and implemented to prevent the recurrence of a potentially serious problem.
The QAM will be notified of the problem and will conduct an investigation to
determine the severity and extent of the problem. The QAM will then file a CAF
with the Project TOM, Florida Operations Manager or CLEAN Technical Services
Manager.

Corrective actions may also be initiated as a result of other activities, including
(1) performance audits, (2) system audits, (3) laboratory and field comparison
studies, and (4) ongoing project audits.

The QAM will be responsible for documenting all notifications, recommendations, and
final decisions. The Project TOM and the QAM will be jointly responsible for
notifying program staff and implementing the agreed-upon course of action. The QAM
will be responsible for verifying the efficacy of the implemented actions. The
development and implementation of preventive and corrective actions will be timed,
to the extent possible, so as to not adversely impact either project schedules or
subsequent data generation and processing activities. The QAM will also be
responsible for developing and implementing FDEP and/or NEESA recommended
corrective actions resulting from performance audits, system audits, validatiom,
and data review. Finally, the QAM will also be responsible for developing and
implementing routine program controls to minimize the need for corrective action.

Examples of long-term types of actions include:

. staff training in technical skills or in implementing the QA program,

NTC_Orl.POP
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CORRECTIVE ACTION FORM

Project: Date:
Project No.: Page of
Problem Description:
Cause:
Proposed Corrective Action(s):
Project Manager: Date:
QA: Date:
Affected Organization: Date:
Proposed Organization:
FIGURE 13-2 PROJECT OPERATIONS PLAN
EXAMPLE CORRECTIVE ACTION FORM
NAVAL TRAINING CENTER
, ORLANDO, FLORIDA
8519-03 84032 1WEM
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CORRECTIVE ACTION FORM (Continued)

Verification Corrective Actions:

Comments and Recommendations:

Close out Signature:

Date:

FIGURE 13-2(Cont) PROJECT OPERATIONS PLAN
EXAMPLE CORRECTIVE ACTION FORM
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 940321WEM
NTC_Orl.POP
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rescheduling of laboratory routine to ensure analysis within allowed
holding times,

identifying vendors to supply reagents of sufficient purity, and

revision of Consultant QA system or replacement of personnel.

For either immediate or long-term corrective actions, steps comprising a closed-
loop corrective action system are as follows:

define the problem,

assign responsibility for investigating the problem,

investigate and determine the cause of the problem,

determine a corrective action to eliminate the problem,

assign and accept responsibility for implementing the corrective action,

establish effectiveness of the corrective action and implement the
correction, and

verify that the corrective action has eliminated the problem.

Depending on the nature of the problem, the corrective action employed may be
formal or informal. In either case, occurrence of the problem, corrective action
employed, and verification that the problem has been eliminated will be documented.

NTC_Or.POP
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14.0 REPORTS

14.1 QUALITY ASSURANCE AND QUALITY CONTROL REPORTS. As noted in previous chapters,
reports of a variety of QA and QC activities are provided to managers at
appropriate levels of the project organization. All QA and QC reports are
available to SOUTHNAVFACENGCOM and FDEP.

14.2 PROJECT DELIVERABLES. Preparation of each NTC, Orlando report will begin
following completion of the contamination assessment. The Draft Report will be
submitted to the BCT for review. The Consultant will respond to review comments
through the preparation of a Comment Response Package. Following agreement on
comments, a Draft Final Report will be prepared and resubmitted to the BCT.

Preparation of the Final Report will begin when comments on the Draft Final Report
are received. Comments received from the BCT on the Draft Final Report (if any)
will be addressed in the Final Report. The Consultant’s Task Leader will be
responsible for developing the Final Report, with oversight by the TOM and the
Internal Review Committee.

Report development will involve drafting of text, and compilation of data, tables,
and figures for geologic, hydrogeologic, chemical, and risk assessment. Draft and
Draft Final Reports will be prepared under the direction of the TOM, with review
by the Internal Review Committee.

14.3 PROJECT RECORDKEEPING. Task Order-specific files will be maintained by the
Consultant for the duration of the project and then turned over to
SOUTHNAVFACENGCOM for long-term maintenance. Specific logs, notebooks, and forms
for each element of project activity have been described as a component of the
procedures in Chapter 4.0,

Summary audit reports may be prepared coincident to the completion of each task to
inform task staff and management of QA status. The reports will include the
following:

. periodic assessment of measurement data accuracy, precision, and
completeness;

. results of performance audits and/or systems audits;

. significant QA problems and recommended solutions for future projects; and

. status of solutions to any problems previously identified.
Additionally, any incidents requiring corrective action will be fully documented.
Procedurally, the QAM will prepare the reports to management. These reports will
be addressed to the TOM and the Internal Review Committee. The summary of findings

will be factual, concise, and complete. Any required supporting information will
be appended to the report.

NTC_Ort.POP
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SOUTHERN DIVISION NAVAL FACILITIES
ENGINEERING COMMAND

GUIDELINES FOR GROUNDWATER MONITORING
WELL INSTALLATION

PART 1: GENERAL

1.1 Introduction

Groundwater monitoring wells shall be located at sites approved by the Southern
Division Engineer-In-Charge (EIC) and the Activity Environmental Coordinator (EC).
All applicable local, state and federal regulations concerning well installations
or soil borings shall be followed.

1.2 Applicable Publications

The publications listed below form a part of this guideline to the extent
referenced. The publications are referred to in this text by designation only.
The latest revision of the specifications shall be followed.

v

1.2.1 American Association of State Highway and Transportation Officials (AASHTO)

Document No. Title

M 220 Epoxy Coatings Specifications

1.2.2 American Society of Testing and Materials (ASTM)

Document No. Title

A 120 Pipe, Steel, Black and Hot-dipped, Zinc coated, welded and
seamless

A 312 Seamless and Welded Austenitic Stainless Steel Pipé

B 209 Aluminum and Aluminum-alloy Sheet and Plate

¢ 150 '~ Portland Cement

C 778 Standard Sand

D 1457 Polytetrafluoroethylene (PTFE) Molding and Extrusion
Materials

D 1785 Standard Specification of Polyvinyl Chloride Pipe (PVC

Pipe, Schedules 40, 80, 120)
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Document No. Title

D 1586 Method for Penetration Test and Split Barrel Sampling of
' Soils

D 1587 Practice for Thin Wall Tube Sampling of Soils.

D 2113 ‘ Diamond Core Drilling for Site Investigation

F 480 Thermoplastic Water Well Casing, Pipe and Couplings Made

in Standard Dimension Ratios (SDR)
F 883 Padlocks
1.2.3 American Petroleum Institute (API)

Document No. Title

13-A 0il Well Drilling Fluid Specifications
1.3 Submittals

1.3.1 A completed “Southern Division Naval Facilities Engineering Command
Groundwater Monitoring Well Installation Report" will be submitted for each well
installation.

1.3.2 Certificates of Conformance: A certificate of conformance shall be provided
to the EIC for any of the items below that are used in a well installation. The
certificate shall describe in detail how the material meets or exceeds the required
specifications for the following, as appropriate:

a) Casing i) Well Protective Cover

b) Screen j) Flush Mount Protective Cover
c¢) Grout k) Padlock

d) Drilling Mud 1) Protective Post

e) Gravel Pack ' m) Well Designation Sign

f) Caps and Plugs o) Epoxy Paint

g) Centralizers
h) Surface Casing

1.4 Delivery and Storage

All materials shall be delivered in undamaged condition, stored in accordance with
manufacturer’s recommendations (off the ground) and protected from the weather in
an area designated by the EC. All defective or damaged material will be replaced
with new material at no cost to the government.
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PART 2: PRODUCTS

2.1 All materials shall conform to the respective specifications and other
requirements as specified herein.

2.1.1 Well Casing

Material type will be approved by the EIC. The material provided will have adequate
strength to resist external forces both during and after installation. The casing
threads shall be compatible with the screen listed in 2.2.2. Markings, writing or
paint strips are not allowable on any of the materials. The casing shall conform
to the specifications listed below.

a. PVC, flush threaded joints (schedule 40) ASTM F480 and ASTM D17&S

All PVC flush threaded joints will meet or exceed the water pressure ratings
(at 73 degrees Fahrenheit) for the size and schedule of PVC pipe used in the
project, as listed in ASTM D1785: Table XI.2.

'b. Polytetrafluoroethylene (PT-E), flush threaded joints, ASTM D1457

Virgin materials shall be used to meet the ASTM specification. Certification
of compliance and joint evaluation are required. Shall be shipped in sealed
containers that are capable of preventing contact with any foreign substances.
PTEF "O" rings are required to seal all joints.

c. 316 stainless steel, flush threaded joints, ASTM A312
d. 304 stainless steel, flush threaded joints, ASTM A312

End fittings shall be double entry flush screw threads. The casing shall be
cleaned prior to delivery in the following manner: 5-minute immersion in
static bath of dilute acid, pressure wash with detergent and cool water, rinse
with warm water and allow to air dry.

2.1.2 Well Screen

Material type will be approved by the EIC. The material provided will have adequate
strength to resist external forces both during and after installation. Water
velocity through the screen openings shall not exceed 0.1 ft/sec. The opening size
will be determined from an analysis of the material in geologic formation to be
screened and/or the size of the filter pack material. Markings, writing or paint
strips are not allowable on any of the materials. The screens shall conform to the
specifications listed below.

a. PVC, flush threaded joints (schedule 40), slotted, ASTM F480 and ASTM
D1785

Two inch I.D. screens will have 3 rows of slots with a spacing of 1/8 inch
between slots. Four inch I.D. screens will have six rows of slots with a
spacing of 1/8 inch between slots. All PVC flush threaded joints will meet or
exceed the water pressure ratings (at 73 degrees Fahrenheit) for the size and
schedule of PVC pipe as listed in ASTM D1785, Table XI.2.
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b. Polytetrafluoroéthylene (PTFE), flush threaded joints, slotted, ASTM D1457

Virgin materials shall be used to meet the ASTM specification. Certification
of compliance and joint evaluation are required. Shall be shipped in sealed
containers. PTEF "O" rings will be used to seal all joints.

c. 316 stainless steel, wire wrapped, flush threaded joints, ASTM A312
d. 304 stainless steel, wire wrapped, flush threaded joints, ASTM A312

The well screen shall be of a continuous slot, wire wound design. It shall be
fabricated by circumferentially wrapping a triangularly shaped wire around a
circular array of internal rods. The configuration must produce sharp outer
edges, widening inward. PTFE "O" rings will be used to seal all joints. End
fittings will be welded to the screen body.

2.1.3 End Plugs

The end plug shall be flush threaded and shall be constructed of the same type of
material selected for the screen or casing above. All ASTM specifications that
apply to the screen and casing materials shall apply to the end plugs. Markings,
writing or paint strips are not allowable on any of the above materials.

2.1.4 Well Caps

The well cap shall be flush threaded and be constructed of the same type of
material selected for the casing above. All ASTM specifications that apply to the
casing materials shall apply to the well caps. Markings, writing or paint strips
are not allowable on any of the above materials.

2.1.5 Adjustable Centralizers
The centralizer shall be capable of maintaining the casing and screen straight and
plumb in the borehole during well installation. The material type shall be the same
type of material selected for the casing/screen above. No solvents or glues will
be used. ‘
2.1.6 Annular Space Fill Materials

a. Filter pack shall be 98% pure silica, cleaned with potable water, have a

uniformity coefficient of 1-3, and a specific gravity of 2.6 - 2.7. The

filter pack shall meet ASTM C 775 standard sand specificationms.

b. 1/4-inch bentonite pellets shall be 90~ montmorillonite clay, with a bulk
dry density 80 lbs/cu ft, a specific gravity 1.2, and a pH of 8.5-10.5.

c. Granular bentonite shall conform to API std 13-A for bentonite. -

d. Portland Cement shall conform to ASTM C 150 Type I.
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2.1.7 Surface Casing: shall be constructed of steel meeting ASTM A 120 and shall
have a wall thickness as specified below.

24 inch diameter 0.25 inch wall thickness
20 inch diameter 0.25 inch wall thickness
16 inch diameter 0.25 inch wall thickness
10.75 inch diameter 0.25 inch wall thickness
24 inch diameter 0.50 inch wall thickness
20 inch diameter 0.50 inch wall thickness
16 inch diameter 0.50 inch wall thickness
10.75 inch diameter 0.365 inch wall thickness

SR MO A0 U D

2.1.8 Surface Completion: all materials provided for a well surface completion
shall conform to the specifications listed below.

a. Locking 16-gauge steel protective well cover, round or square and 5-ft in
length

b. Flush mount 22-gauge steel, water resistant welded box with 3/8-inch steel
lid, locking device and padlock guard

c. Concrete pad at ground surface (3’ X 4' X 6") ASTM C 150
d. Padlock (brass, corrosion resistant, keyed alike) ASTM F 883

e. Steel protective post (4-inch diameter, 6-ft length, 1/4-inch thickness,
concrete filled) ASTM A 120.

f. Well designation sign, sheet aluminum, ASTM B 209, 1/8 inch by 18 inch by
6 inch, anchors and fasteners compatible with sign, designation to be
provided by EIC, the designation shall be stamped into the plate with 4-
inch letters and numbers.

g. High visibility yellow epoxy paint AASHTO M220.

PART 3: EXECUTION

3.1 Drilling Method

The proposed drilling method must be approved by the EIC. Hollow-stem auger methods
will be given first preference, rotary methods second and any other methods will
require detailed evaluation by the EIC and written approval.

3.2 Well Installation

Well depths, length of screen and sump will be determined on a site specific basis
with approval of the EIC. Screen lengths will be limited to 10 feet unless longer
lengths are specifically approved in writing by the EIC. Two inch well diameters
will be specified for shallow well installations. Deeper well installations or
wells that will be converted to recovery wells may require four inch wells.
Recovery well specifications will be approved by the EIC.
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Well installation shall follow commonly accepted professional drilling procedures.
The borehole will be logged by a qualified geologist/hydrogeologist as drilling
proceeds. Soil samples shall be collected according to one of the following
methods: ASTM D 1586-Method for Penetration Test and Split Barrel Sampling of Soils
or ASTM D 1587-Practice for Thin Wall Tube Sampling of Soils. Consolidated Rock
will be sampled according to ASTM D2113 Diamond Core Drilling for Site Investiga-
tion.

Gravel pack, seals, and grout will be installed using tremie methods. Bentonite
seals shall be allowed to hydrate the time period specified by the manufacturer.
Accurate measurements shall be made to the top of the gravel pack and seals with
a weighted steel tape and adjusted to reflect the top of casing.

If water is used in the drilling process, a sample shall be collected from the
source and analyzed for the parameters specified in the investigation. Results will

be included in the investigation report.

3.3 VWell Development

Well development shall commence no sooner than 24 hours after placement of the
grout. The development method shall be approved by the EIC. The selected method
shall be capable of removing all drilling fluids and cuttings from inside the well,
within the gravel pack and from within the formation. The development method shall
not introduce any type of contamination into the aquifer. Introduction of outside
water to the well shall be minimized. Any water introduced into the well shall be
recovered to the maximum extent ’
possible. A written report will be required describing the reasons why any
introduced water could not be recovered.

The development process should result in wells that are sediment free. A well that
produces turbid water (as defined by the Safe Drinking Water Act PL 93-523) may be
rejected by the EIC.

3.4 Material Disposal

Control and disposal of investigation-derived waste (IDW) is described in Section
4,10 of this volunme.

3.5 Decontamination

All down-hole drilling equipment the drill rig, tools, etc.) will be decontaminated
according to the approved Quality Control Plan prior to beginning work, between
each well location and after the last well is completed. The drill rig will be
placed on 10-mil polyethylene sheeting at each drilling site to contain any
spillage or leaking of hydraulic fluid or fuel. All of the decontamination waste
will be handled according to section 3.4 above. :

3.6 Well Protection

A steel, hinged, locking protective casing will be installed within a 3-ft by 4-ft
by 6-inch thick concrete pad. The pad will be set level and 4-inches below grade.
The pad shall be installed so that surface runoff does not pond around the well
casing and protective cover. The concrete mix shall obtain a minimum 28-day
compressive strength of 3000 pounds per square inch.
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If designated by the EIC, four steel protective posts will be installed 0.5 foot
from the corners of the pad but not set within the pad. The post will be 6-feet in
length, 4-inch in diameter and have a wall thickness of 0.25-inch. The post will
be filled with concrete and set three feet below grade in a 10-inch diameter hole
with concrete backfill (as above).

The protective casing and any protective post installed shall be cleaned, primed-
and then painted with two coats of high visibility yellow epoxy paint that meets
the specifications of AASHTO M 200. The protective casing will be locked with a
Type Pol (Key Operated), Option E (Corrosion Resistant) padlock that conforms to
ASTM F 883. When multiple wells are installed, the padlocks for each well at an
activity shall be keyed alike. The original and two copies of all keys shall be
delivered to the EIC and two copies shall be delivered to the EC. All keys shall
be tested to ensure performance prior to delivery.

3.7 Well Designation

A permanent well designation sign will be attached to the protective casing. The
sign shall be a 18-inch by 6-inch by 1/8-inch thick sheet aluminum plate, bolted
to 1/4-inch studs welded to the casing. The sign shall be stamped with 4-inch
letters and numbers in accordance with the numbering system in section 4.0 of this
specification.

PART 4. INSTALLATION RESTORATION PROGRAM WELL NUMBERING SYSTEM

The purpose of this well numbering system is to locate a particular well by
activity, key it to the Initial Assessment Study (IAS) and sequentially number each
well at each site. The EIC will provide designations for sites not included in the
IAS.

Example: CEF-1-1 Cecil Field, Site 1, Well number 1
KYW-5-8 Key West, Site 5, Well Number 8
FLORIDA
Cecil Field CEF
Ft. Lauderdale FLD
Key West KYW
NavHosp Key West KWH
Homestead HST
Jacksonville JAaX
Mayport MPT
Panama City PCY
Whiting Field WHF
Andros Island AIS
Pensacola PEN
Saufley SFY
Correy Station CRY
Orlando OLD
NTC_Orl.POP
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GEORGIA

Albany
Atlanta
Kings Bay
Athens

SOUTH CAROLINA

Parris Island
Beaufort

NavHosp Beaufort
NWS Charleston
NS Charleston

LOUISIANA

NAS New Orleans
NSA New Orleans

MISSISSIPPI

Gulfport
NavHome Gulfport
Meridian

TENNESSEE

Memphis
Bristol

TEXAS

Corpus Christi
Chase Field
Kingsville

NAS Dallas
NWIRP Dallas
McGregor

NTC_Orl.POP
MVL.07.94

ALB
ATL
KBA
ATH

PAI
BFT
BFH
NWS
CSY

NOA
NOS

GPT
GPH

MPH
BRT

GCT
CAF
KVE
DNA
DwP
MGR
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PART 5. STATEMENT ON USE OF ALTERNATE MONITORING WELL 'MATERIALS

The Navy accepts the risks associated with the use of alternate materials (other
than stainless steel) for groundwater monitoring. We understand that USEPA's
position is that use of alternate materials may cause interference or inaccuracies
in the chemical analysis of samples from such wells. However, the Navy has
provided evidence that the use of stainless steel well materials may have the
potential to introduce more interferences than PVC for full-suite analyses
(Attachment A). Therefore, risks are associated with the use of either material.

We understand USEPA has accepted the use of PVC instead of the recommended
stainless steel for investigations at Naval Training Center, Orlando, Florida.

USEPA may require reassessment of the use of PVC based on POI-specific conditions.
We further understand that USEPA reserves the right to refuse groundwater
monitoring data generated from wells where construction materials other than those
specified in the USEPA Region IV SOP are used and the groundwater data generated
fails to meet the necessary DQOs.

NTC_Ori.POP
MVL07.94 A-9




SOUTHERN DIVISION NAVAL FACILITIES ENGINEERING COMN[AND
GROUNDWATER MONITORING WELL INSTALLATION REPORT

LOCATION
LOG OF BORING NO. LOG OF WELL NO.
- MATERIAL DESCRIPTION WELL CONSTRUCTION

DEPTH IN FEET

SYMBOL
SAMPLES

Boring Completion Date:
Well Compleﬁofw Date:
Well Deveiopment Date:
Drilling Method:

Depth to Water:

Boring Diameter:
Ground Hevation:

Top of Casing Elevation:
Drller:

Logged by:
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WELL CONSTRUCTION DETAILS
WELL NUMBER

DATE

1.

2.

2
8
9.

10

2.

13.

14,

. Type of Blank Pipe

. Length of Sump

. Total Depth of Boring —————

. Type of Screen Filter

OF INSTALLATION

Height of Casing sbove ground

Dspth to first Coupling

Coupling Interval Depths

. Total Length of Blank Pipe __

Length of Screen

Type of Screen

Hole Diameter

Depth To Bollom of Scrsen

Quantity Used: Size usC.

. Depth To Top of Filter

Type of Seal

Quantity Used

Depth To Top of Seal

Type of Grout

Grbut Mixturs

Mathod of Pla_cement

COMMENTS ON INSTALLATION:




SOUTHERN DIVISION NAVAL FACILITIES ENGINEERING COMMAND
GROUNDWATER MONITORING WELL INSTALLATION REPORT

LOCATION EXAMPLE OF A COMPLETED WELL SHEET
LOGC OF BORING NO. LOG OF WELL NO.
e MATERIAL DESCRIPTION WELL CONSTRUCTION
v :
- w
s .
a | 2 |2 [T =i Ysnisd PVC Cop
o w |u ] }
> - X - .
SAND, dark to light brown, fine grained 77NN - ‘_‘3 :Rbl':: :L:D/§' 7.
11+ Scheduls 40 PYC Risar
| CLAY. groy. soft with sand pockats end »d <+ Coment Graut Bockfll
10 ..
—i SAND, groy.fne groned, sity with shell B
EEa frogrments
%33
20 < §
CLAY, gray, frm
o~
0 1
s SAND, groy sity fne groined with 3
33 X greenish grey sesoms ead sandy day ’
AR peockets
40 £FE ]
— 33
N Y. greeniah groy, scotiered el end
\ sond pockets . .
Prosphatis zony T Wegthersd imesions szl | |,/ Bemtenite S‘;"
oo == | UMESTONE with numerous shells, weak ool B o e
= te medium sirong d___Schedule 40 PVC Screen
= = ——Screen LD. 27
: LSt Size 0.010°
= 56.0Y3gd——Type of Flter Send
== | To.-58.SFt sp &'t fine 1o Medlum Gr Quort

Boring Complefion Date:

Well Completion Date:

Well Development Date:

Drilling Method:
Depth to Water:

Boring Diameter:
Ground Elevation:

Top of Cosing Elevation:
Driller:
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SUPPORTING TECHNICAL LITERATURE




m
3>
2)
=~
_<

- - -4
O DEPARTMENT OF TH
[} - - - PP - gy, .. - , -~ - -—a- - N34
£ : NG CLD REGICNS RIZZARCH AND INGINZIRING La3CRATCRY. S0 OF NGINIIRS
SANCVIR NIW =SANPS=IRs 2375831232

February 25, 18¢1

. Y

clied Research 3ranelh

Ms., Fegzy Laze

AZ3 EIowvizsm=ental Services

2571 Ixacuzive Centar Circle, Ezst
Suize 100

Tsllzhzssee, Florida 322301

Dezx Ys. lzne:

I have enclosad a copy of our jourmal article that csopazes the
serpticn ¢ organics and zetals by four well casing =zterizls (FVC, 77Z,
zand stainless steel Types 304 znd 318). I have zlso inmeludead a mors rscens
study that cozpares the leaching cof zetals Ifzex these zaterizls; this study
c2s conducted ty alan Hewitt. It is our opinicn that since vou ase
semiteoring Jor Yotk VOC's and =stals cthat FVC Is the best z=aterizl o use ia°
VN your zsnitoring vells, provided that you do not amticizate emccumzering an
o undiluzed solvent of FVC. Stainless steel Is not a good casing =atazial <o
use when zonitering for zectal

s. Also, stainless steel should znot e plzced
in any emvizcm=eat tRat Is corrosive. "The Handbock of Suggested Practices
Zfor the Design and Inmstallation of Ground-Water Monmitoring Wells,™ by Linca
Allexr et 21, (1989, published by the National VWataer Well isssciacticn,

i51in, Ohic) has za excellent discussicn on corzesicn of stael produecsts.
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Ty acéiticnal questions zanswered, plazse do net
atT 603-648-4383, Alan Hewitt can answer any quasticns
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I hepe you find this zateriazl useftl.

Sincerely,

Louisa V., Pazkerz
Research Physical Sciexnzisc
Applied Research 3ranch
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PREFACE

This repert was prepared by Alan D. Hewitt, Research Chemist, Geochemical
Scences 3ranch, Research Division, US. Army Cold Regions and Research and
Engineering Laboratery. This project was funded by the US. Army Toxde and
Eazzrdous Materials Agency (R-30 Multi-analytical Services), Margn H. Shuiz,
Project moniter.

The author tharks Dr. Thomas F. Jenkins and Dr. Carence Grant for assistance
in the experimental design, and Or. Charles M. Reynolds, James HL. Cragin, O,
Jerkins, Dr. Iskandar X Iskandar and Dr. Grant for cizcal reviews of the text.

The contents of this report are not to be used for advertising or premoticnal
pwpeses. Ctadon of brand names does not consttute an offical endorsement or
approval of the use of such commercal products.
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Leiching of ’Met’al’ Pollutants From Four Well Casings
Used for Ground-water Monitoring

ALAN D

I.\LAODLC'.'ION’

G:a*--"-»s aer "...". .J‘OI""’ 'E""“'ES he instaPla-

Hon of canduiss to wansfer uate to the surface for

e ——

colleczon Four c*._....on.y used well casings ace
mzde Som I-in (S-c) dlazieter polyvinylchle-
rde (FVQ), stainless stesl 304 (S5 304), stainless
steel 318 (S5 318) and pclv'e‘-a.’ucroe:hvle:e
(FT72) zizes. Regresentactve sa_.::"-g of ground
wa‘e"eﬁ-"-es tatmateriaisemployed in the sa -
rated zcze do zot induence the cowcen:’aﬁon of
analytes of interest. .
" Only a faw stucies have reported the indluence
of wel-c”'.::g Tiaterials on the concentatons of
inorganic sulstances in ground water during wa-
ter quality analyses. Several studies have demon-
s"atec‘. that these materials (stzinless steel, PVC
an d Pz} sors apprecable quantities of certain
ric s; ecas (Tickholz et al 1963, Miller 1562,
Fewirt 1985). Zvidence also exisis showing that
metals are raieased Into ground water Som sta...
less stesi and PVC ;".pes (Houghten and Serger
1984, Sarceiona and Hel&ich 1586, Hewitt 1985)
The relexse of metal analytes Uy stainless steel has
been assecated with its corvesion, which in some
instances has been obsarved to produce a hydrous
fron precygitate (Sarceloma and Helkich 1586,
Hewizx 1585).

Recendy, a.a:O’arory exgerizientwasconducted
testing e effects of gound-water compesitonon
the weil casings Cted above (FHewirt 1989). In this
experiment two concentrations of metals (As, Cd,
Cr and Pb), pH and total organic carbon were
introduced 25 ground-watersolution variables. Re-
sults of s experiment indicated that PTTZ was
inertto the variables, whereas both PVC and stain-
less s.e-i weil casings were affected. These two

‘materials leached a:d sorded some of the metals

intodu c.~: e e g-ov..:-d water, In adéidon,
several siainless steel casing secdons developed

susfacs cx::::.::r., which immaduced

. REWDT

-
1]
)
)

sourcs c: vasizden Ty zroviding ralease mecha-

nismsand acsva sz:=< forsorpisn FVCwasaiows-

2%
:
A memi S 3l
and srovidad sorpds
s s

level sousce 2rClan el nsites for
Ph.Stainless er2el 315 was a'ﬂw-’avﬂsat.::e farC3

nd provided sorpden sites for As, Cr and Fao
Stainless stz2el 304 was alss 2 low-ievel sousze far
Cd and previded sorpdonsites fsr As and P5. The

tant f:.".esc:-.::c:c::z.‘e;secf:‘.e!ﬂswzs chan
influenced Ty the sciuzon variables This smdy
conciuded nat ne stziniess steel casings were e

least switazia for = :.:’:::-L:g e metls studied

(A5, C4d, Cr and P3) in the ground water seiuserns.
AconcaTeantstudy donea CGREL Packeretal

1989) locked at e -1::« tersciudonsspiked with

O'G'LJC C::.: s X':C 22 iz theszme fourwell
by
c..smes. > gcnTast heresis for :‘.!’.”_'.S. Elg.'.f
v 9 o . - v
(&s ané Tams-l 248 "‘..C?:QL“.:'.E.:‘.;‘, orllplluguielpidd

ene, Sichicrseatnylens, chicrclenzane, o-2- and
mdictierstarzane) cithe tan srganiceampeunds

tudied scrted merecuickiyand ina gmeater extent
onto FTFE aa PVC and 232 sct sors caio e
stainless stzels, The same raslls were obiained

when the ground waler was Teated with 20 g
NaCl/L o test fer effacss of icnic stengih ;:.ese
findings suzpom the 2asiar werk of ?ey‘:‘.c
Gilha= (1§83) who chserved m2zid sorpdea of
tetrachicrzex ;.i ':y = weil c.’.s:'.:g. They
suggested tat FTFE Is the laast desivalie matecial
for a well casis ng when erganic compounds are
monitored in ground water,

The resuits of these two recant CRRIL shudl
(FHewist 1589, Parker et 2l 1§8%) and suzpersn
evidenca in ::.e Lteraruiraled s the suve-'-'- on that
PVCzaybehebestesmzorazise ameng nese four
we.. casings for moniisring zround water ferboth

norganicand Srgarizanaiiies Parkeretal 1588),

The c:-ef-"e ¢f this srody is ' exaTine metal
Ieacl'"'g characteristiss of fese fowr wel-nasing

- ..

materials in i.".‘:‘::: waln Lactllg stadiag hat



commpare these four weil casings fave nct Teen

ascmed inthe Hterarore, Theresuiis of (Rl exyperni-

‘4

=entwil determine which casings arethe mester
S T T -

tha lezst suscazoiie 10 Jeaching the Tmerais. s e

amzlvies amalvzed ndiuded 2l cf the matzisen

Tmiirommental Protecson Agency’s prionisy pel

lusant Ust, along with copper.

MATERIALS AND METHOLS

Materials

The FVC and stziniess steel well casings were
ohtzined Tom Johnson Weill Sceen, and the FiT 2
was optzined Som MIP, Inc. Al well casings wese
specSczlly manwfacrared for round-water Zieni-
toring, The casings ail nad apprexizately a S
fmmer-wzil dizmeter and were cut In lenghs of
asproxizztely 2 < The exactlengih of the mngs
Camenced cn the wall thickness and dizmeter of

s
tg maintzin a consiant

>

0

the mime beczuse wewanted
sufacescompesed 17%

7 . ;
su—face a2 of S0 . C

—

ul
of the z-ez for the FTrs and PVC well czsings and
8¢ for the stzinjess steels.

Precauzcns wese tzken duwing pize mIlingto
Frevent expesure to gease, I, ol and solvernts,
2a¢ 10 zvaid excessive handiing. After milling, the
imdividualwellcasing ingswereinsed with deion-
ized water (Millipore, Type 1) and air dried Tefore
being plzced into the ground-wates-Zled sample
containess. During rinsing we zde no atte=pt 10
remove susface discoloratien or ink en the pipes;
we used them as we had received them Sem th
—znufacrorer. TrisEmited deaning was consisient
with commernly exgloyed Zeld protocels.” The
wellcasing secions were handled with plasde
gloves and nylen forceps after miling. Two sec-
Soms of the S5 316 pipe were not used because
excessive surface rust had formed. In gemeral the
stzinjess steel well casings agpeared to have devel-
oped more rust during the S-manth storage period
than they had when frst obtained. All experizien-
ta] work was performed in cdass 100 deanroo=s.

Polyzropylene jars (69 = od x 62 =i height,

25 =L, Model§183-237, Themas Scensiic) served
25 the sample containers. The jars were sczked ina
10% v/v concentrated, recistilled FINO, (G. rred-
rick Scuith [GF3]) deionized water scluden, then
rinsed with and sozked for several days in dejon-
ized water priortouse. Other matesials, such as the
7.3-mL sample aliguo: bordes (polyethylene, Nagle),

* Pamsomal communicsonwith Louise V. Parker, CRREL,
’ .
583,

o9

. e = : Cag et :
sipene izs Zorpencir), and ine .-l giass 3Cies
. -

- et .
282 - * - P \ . a = .
(reagent rade HNO, tonles, Saaerl wersceaned
gimilzely
simianly.

:

Test desizn

-

Tests fzr the release of metals Sem FVC, FiTE,
SS 304 and 33 316 well casings weredene In ipE-
cate by exzosing secwions of 23¢h to ground water

-

for periods of 1, 3, 20 and 0 davs. Trree saitie
containers with no well casings served as contels
for each cf the expesure periods. The containess
with and without well czsings were flled with €8
=L of ground water coilected Tom a 7é-mCee
demestewell systamin WeatherSeld, Vermen 80
contziness, 12 with 2 single secSon of each of e
fourwell-casingcandidates(iIxs)and 12cenTels,
Siadeus the experimental samypleserup. The well-
casing rings were sutmerged inthe round-water-
Aied samyie contziness ceazng a pipe-susiace-
arez-te-aguecus-velumerado ¢iC.82 2/’ Tris
experimental design provides a siwiace-zrez-to-
solufen rasa similar to thzr of well czsings v
gound-waier moritoring wells below the saiu-

‘rziéd zone; Rowever, the radc is much lower ian

that which exdsts for well sceers.

Samzieswerepresared oy ansfetingweighed
amountscf round waterintceach jar Semasingle
2-L glass soxmle. The javs were ssiected randoly
for the experiment Deczuse the grownd waler was
tansporied in thoee separate 2-L glass bortles. The
pH and conductvity of the ground water Somall
of the barles was 7.§ and 2.40 % 1072 =ho/ <y, re-
speczvely. Grownd water coilected Sem thissouwrce
previousiy shewed similar 2H and conducsviy
levels (FHewdit 1989). While the well casings were
expesed to the ground water, the jars were sealed
with a caz and stored in the dask 2t 24°C After the
wellcasing secsons had been removed Sem
jacsattheend of each Emeinterval, 2L of concen-
trated ENO, (GFS) was added tothe ground water
to bring the 23 below 1.0. Srudies haveshown that
addificagon below gk 1.3iseffeciveinpreventn
the loss of Sace metzls Som aahwral watess (Sub-
ramanian etzl 1678). The acdifed, ground-water-
£led iazs were reczzped, hand-switied for 10 sec-
onds, then lef at rest for at Jeast 72 hows before we
tansfersed a 3-mL aliquot to a 7.3-mL samgle vial
(polyethylene, Nagle) for the subsequent deter=i-
nation of Ag As, 3a,Cd, Cu, G, Pb and Se.

The entre experimental serap was duplicated
for the azalysis of Hg, except that we deter=ined
Eg imzediztely after the ground-water-Ted jar
was acéifed

In a prefminary eperiment, grownd water
stcred in the polypropylene jars was spiked with

’
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C3,Cranc Fhicseeifsorprion of metaisionsenthe
jarwailswouic interfere withthetest resulls. Threse
metal ions, added o the ground waler and stered
for & daysinthesamyle jars, were recovered upen
acdiScaron(Tadiel). Thedesorpdonof metaiicns
4Som contziner wazils has beenresoried by Clhica et
al (1968). For this preliminary test, 3.00ug/Lof C4,
C:and Phwas allowed tesitin ground-water-£iled
jars (100 =L) for 6 days. Then we added 2 =L of
concentated HNQ, (GF3), hand switled the solz-
don for 10 secends, and removed a 3-mL aliquot. A
second 3-mL alicuot was remiaved 72 howss later,
following the same srocedire. Theresuits in Tatle
1showtkatan averageof 93% of theaqueous metal
was recovered immeciately afteraddifcztion, and
aiquots removed 3 dayslater showed only 1% (ot
sicmificant at the $3% conidence level) addidenal

-
—

analyte recovery. Thus the metals either remained
in the laboratory ground-water soluden or wese
Gesorbed Som the jzr walls cuickly upon acdifez-
den.

Table 1. Recovery of Cd, Cr and Pb (4.90 ng/T)
£om ground water stored in the sample jars and
allowed to equilibrate for 6 days before being
acidified with 2 mL of concentrated HNO,.

AciZiBeszion period

Lase tpa (0 mimules T houss
Amgunt Lmount

I P | Foemt | Poism Pereznt
fusfl) recovered fug/ll rez

AL

Cd 4.65 4.9 342
333 943 3.83 9¢.9

4.38 214 3.9 837

o
&
a2
i

H]

Y
"

&

-] 453 1002 472
422 263 X 2

Average
recovery $2.1% 72%

> &‘;&Q\‘/A&;‘Q—Q

Analysis

Silver, arsenic, barium, cad=yum, copper, chro-
mium and Jead were determined by Graphite Fus-
nace Atomic Absorption (GFAA) using a Periin-
Elmer (PE) model 403 Atemic Absorption Specto-
photometer (AAS) coupled with 2 PE model 2200
heated graphiteatomizer. Instumental procedures
followed the general guidelines provided &n the
smanufachorer's inssument manual (Perkin-Zimer
1981). Hand injecdons of either 20, 30 or 100 gL
were employed for the analytes ;ientioned above.
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> - mobe
Y, vames, e o = — o e LA :
Mercarywasdetermined Ty Celd Vager Atemic
Absorzsan (CVAas), We exsicved a 38-mL 2k
-

g=ot for :ne Hg determinaticns, followin
Sed Hatch and Cu (1968 procedire. Aliguots of 48
=L of gound water were reduced with 2 =L of
10% v/v stamnows comide and then spargesd with
Hg-freealr, Thereduced Hgvager passed through
a Mg(CQ,), water vaper waz into an optical cell

O o

MR- A R
cesigmed g anlance detecton (Tuncel and Ale-

=an 1980, The opcal coll was pesiicned Mk
Ught zaih of the FZ model K3 A48,
Mercamwas determined thesame day thatwell
casings were remeved STom ground-water-Al
jasstolimirveladiizadonoiEgromsoludcn(Coyne

and Ceiling 1972, Lo and Wai 1673) and to aveid

por cenazinadon assoczted with storage in
cntziness (Cragin 167%). Al of the other
metals were determined within 2 weeks after the
last exgosire seriod.

Analysis srocedures were designed to aceve

-

¢
N

cetecen Izuizs of 1% or less of the present doess
de water gualiny levels set Ty the ZFA (Tatle 2\
Selenmium, determined by graphite AuTizce, wasthe
orliy metaiwith adetecsen Emitslghtly above this
level (Tzzie 2). Method Detecion Limits (MDLs)
were estz>iched following the srocedure outined
in the Fecderal Register (1683) for the anaiysis of a
sapie I 2 given scluZon. The MDL estmat

requires (na! 2 minimum of seven replcate deter-
minzdcnstemadeofan analyte concenmation that
is one ' Ive wmes the estimzated detection level

Taxle L EPA interim primary
sinking water guality levels
(1883) and the method detec-

=en Emits (MDL).

f\.
]

ZPA primary
éripidng twaler
leweis MZL

Mesl e/l tps/l)

Ar 50 0.48
E 1000 24
£ 10 0.03%
S 1000 43
C 33 0.18
k-] 30 1
It 20 0.c10
Se 10 023
Ag T3 . 012




Table 3. Sumzmary of ANCVA and LSD determinations for average analyte coencentrations (Lgli.
Materials with cozumon sndesiining are not ifferent at the 93% confidence level as determined Sy the LSD,

s Well asin Sous Wil sasing
4. 3artum LLA&J k

{  Csnmol FI7FE  PVC  §S3(4 55316 1  Conmmel PTTI SETS S3M VG

43 0 &6 71 77 036 035 0% 133 i

(LSD = 1.3)

5 PTFE Conmal PVC  SS304 5316
t3  £3 66 I8 59

30 FIFE Cenwal PVC 83304 S3316
53 .8 £.1 74 13

tSDall
30 T FVC Conmol 85304 85315
82 35 39 7.0 101
(rso 229
b, Chromium
1 Ceamel 7IFZ PVC  SS304 S5314
Q23 022 133 140 405
(LSD = 678)
§ Coamal 7ir= FPVC  S8318  SS3M
g2y 02 L2 193 34
$Da.03 T
0 FiTZ CQommol PVC S8316 834
Q19 022 120 3 4.8l
(LSD =139
40 Canzol PTF2 PVC  S8316  S5504
021 021 1.11 233 33
LS = 1.0%)

(LSD = 145)

§ Ceamol 7i7z $831§ 8339 FVC
021 0.2 12 2 3

(LS2 = 133}

0 Cenwel FIFE 58318 FVC sEEsd

Q.14 0.35 1.5 pias) s
(LD = 250}
33 Tirs Conzsl FVC 85318 8233
v 021 033 o3 124 35
(LSD = 132}
4. Cozper
1 PVC 883 Cammel FTFES 83313
$.4 187 11.8 123 3%S
L2 =320
5 Tr2  ©VC Conzol $83%4 83318
7.3 €8 183 110 325
LSO =324
20 PVC 7T Comzmol $5304 85336
’ 4.5 &3 101 281 12
(LSD = 383)
K] FVC FIFE S33%3 Canmmsl 33
1. 2 113 34.0 823
LSD =70 ’

The MDL s obtained by multiplying the standard
deviation of the repiicate measurements by the
appropriate cne-sided {-statistc corresponding to
n-1degeesof Seedom 2t the 99% confidencelevel

Each sample aliquot with a determined znalyte
concentraton above theMDL wasanalyzed atleast
twice, Analyte concentations were based on the
average peak heights om a stip chart recording,

Aquecus calibration standards for Ag, As, Cd,
Cr, Cu, Pb, Eg and Se were prepared by diuting
| 1000-mg/L certfied 2tomic absorption stock schu-
tions (Fisher Sdentifc Corp.). A Ba stock standard
was made by dissolving a weighed amount of
2aNQ,), (Baker, Reagent Grade) in deionized
water. Worlking standards were prepared indeion-
ized water adcifed to 2% v/v with FINQ, (GFS).

Calitrations wese established by determining
three different concentradon standards in &ipli-

-

czte. Standards wererandomly introcuced through-
out the cousse of sample analysis, and ail of the
calibration curves were Enear over the cencentz-
Hon range examined. To see if the intercepts were
signifcantly diferent Som 2ev0, wecompared the
residuals for the models with an intercept and for
the models with zero intercept using the F-rafo at

- the 93% conddence level Analyte concentatons

inthesamplesand conirols were determined based
on the slope and intercept only if the intercept was
deemed significant. Otherwise, a zerc-intercept
linear model was exmployed. ‘

To 2ssess leaching of metals Som the swiaces of
the four wellcasing matesials, an analysis of vari-
ance (ANQVA) was performed on these metzls
(Ba, C, Cz and Pb) that kad Yeen censistentdy
found above the established MDL ferthe four well-
casing materials and the conzol ¥ 2 significant



A

Cifferencewasdetected Ty he ANCV A amengthe

averzge analvie concanziens N the ground wa-
ter for a Zven mzenmial, then 2 Least-Sigruficant-
Dilference /LST) enalveis was performed. 3cth
araivess (ANCVA and LST) used the 3% cons-
cence leval The resdls of Liese anaivses esiz>-

Lshed wiich weil casings contifuted sardodlar

anzlytes 1o e ground water overand zbove these

conmituted =y otherweil casings or the conzol fer
the diffarent expesure periods (Table 3). In adéi-
don the agueous metal conceniratons that exceed
1% of the T2 A drinking water quality level were
identfed. This iow-ievel waming citesion was
chesen sincethisstudy did notalwavsestabish the

magvelevelssresentin the ground water. Thus, the

- 3~

centizuden of metals Som the well casings couid
rangefemconecrmorecrdersof magmitucde adove

the Backgrsund concantzdons.

RESULTS

Barjium

The anzlysis of the 1-Cay expesure samiples
showed that 2l of the ground-water-Klled vessels
containing ripe sectons had agueous Sa cencen-
tradons thatwere significanddy greater than that of
the con=ei; however, all of the values were low
(Taktle 3a). The subsecuent exposure pesiods do
not follow this partern but instead estabiished that
S5 316 was the only matesial that consistently
contThuted significant levels of Za to the soluton
relative to the other samples and the controls Fig.
1a). Theaverzge incease in agueous concenatcn
for the ground water expased 0 55 316 was about
70% compared to the conrol Alter 3 days of expo-
sure, ground water In contact with SS 316 devel-
oped agueous a conceniradons that exceeded 1%
of the é=inking water quality level estzblished by
the ZP.A None of the other well casings tested
produced acueous Saconcentatons thatexceeded
1% of the 7 A drinking water quality citerien or
were signifcandy different Som the conol after
the iniZal sxposure period.

ht
%)

Cidmmiux

We &id not use ANQVA with Cd since the
majarity of conceniations determined were below
the MDL (4ppendix A). After 1 day of exposuoe,
both ground-water scludens containing $5316 and
PVC had agueous Cd thatexceeded 1% of the 224
drinicng water quality level

Figere 1t shows the average Cd concentations
determined for he contol and well casings. It
appéars tha:Cdisinidally refeased SomSS516and

) R - - . 2 aees
PVC T2t Secomes anig ke well casing
2

i b : ;
WIS L. e &8 SnWnIGlEs ATIIONS.

BF
.

- - - ! voa - il 74 4
Tateivan srdsref {mere han I8% of
theST2 Smalinai zign o Caveglim gmmes s
199 ....---..‘-..'.:\ .« n - VR B wes Svae LaITS

R se
g (A shsa S cmeiein } .-
mere C2 ihan FVC far sodivalan: enmasice se=.

Seyend ihe l-dzy axposire, the analveis consis-
A

tently demeonsiated
s

Seth stainless steal well
casingscenmituted signifeantdy creater quanss

of Co to the ground water than the conzol or th

other Zaterials tested (Talie 33). These metal well
casings, aieng with FVC, inceased C rancenta-
Hors it :Re ground water above 1% of the TF4
drinkdngwater qualinlevei (Mg ic) The extent of
the C cenrazinagon coming Sem the FVC was

. o Den ' . . . . an
threeto Sve fmeslessthan wnatcoing o thess

304, which usually showed he highest average
contazinaion fora gven expesire period, the ex-
cezSon Seing the miZal exposure period.

The ANCV.A and 18T tests fallec to distingish
any differance Tenween the materials for the f—c’ay
exposire Secause of the large variaton ameng the
the three S5 318 samzies. F S8 216 isremoved, the
analysie shews Dotk FVC and $5 304 to consibute
sigrificandy greater quanzzes of C to the ground |
water an do die cenzal and FIFZ The ondy
material (2t showed a consisient Tend was SS304
(Fig. 1¢), which ceated inceasing concanadons
of C with Eme. Throughout the expesizent there
was 10 signifcant difference for Cr Serween the

contel and the iz well caging.

Lead .
The &ost mwo exposure sesiods showed FVC o
leach the greatest azioun: of P2 and to Se signis-
cantly diferent oz thecenmaland FIr= Therwo
longest expesure periods showed that S5 3C4
leached the greatest amount of Fh to grownd watar;
however, (e levels obsesved in sclugon for SS304
were only statsdcally different Som the rest for the
30-cay exzesure pesiod (Taktle 3¢). The average
levels oZtzined for both of the stainless steels and
forPVCeconsistentdy exceeded 1 % of e ZP.A drifik-
ing water gualily standasé (Fig. 1€)

The iost distincZve rend was the decrease in
Fb with inceasing ime of expesure for FVC Fig.
1d). Both stainless steel well casings showed slight
deceases in P Jevels after agueous concentation

T maxima wese obtained. The Fs that was injgally

released was rescroed by the PVC and stainless
steel well casings. Thrcughout the exgerizent, these
wasnesigrilcant diiferenceameng teconiel, SS

ngmpm———

3186 and 7T
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ANQOVA and LSD.



4 1 i
o Qerntrel
- RIFE
- .a =7 7ve —
s S 1Ca
i =3 CssStia
] =93
> _]- T
= = -t
a s 8.3
e -1 ]
4. 75,
o]+ 1 1
ot e Contrst -
ARTFE .
- s
§C— =z pve °? ]
» $8 3C4
T e ss3ia 7]
5 e0P— -]
-~
-4 — -
co
CA o3 ey —
J e3
sa
zo_ ——
Ac °.
3 <23 53 .
-3 q: c? eél
! ! £
o} 3 20 Y-}
Exposure Pericd ldeys) e. Cu.

Figure 1 (cont’d).

Copper

The statstical analysis distinguished S5 316 25
theonly material thatcontrisuted signiScantly mare
Cu when exposed to ground water than the other
materials tested (Table 3d). Aqueous concenta-
Hons exceeded 50 ug/L for SS 316 versus about 10
ng/L for the other materials and the control

Both PTFE and PVC well czsing showed a gen-
eral trend of deceasing Cu withinceasing time of

:re and often showed concentrations below

the contral (Fig le). This rend, along withthe lack
of any tend with respect to the contrel, de=on-
strates that these two plastc pipes provided the
substrate for sorpicn.

Arsenic, mescury, selenium and silver

The determinations for As, g Se and Agwere
not statistically analyzed beczuse the majasity of
the concentrations were at or Seicw the established
MDLs. Based an the analysis methods employed,
nene of the well casings consistently contmibuted
As,Hgor Ag above 1% or Se above 2% of the A
drinking water quality level

DISCUSSION

Ground water was colleced 5oz 2 domestc
well systex and stored in sealed 2-L glass bottles



for ezproximately 24 hows rricr to Seing mans-
farrecimistest ieTs.
fzshjon is zerzied at th
cxvgen-sich envirenment every ime the d of 12
containerisremoved. : .;:xc:::.g the ground water
in this manzer =est likely changed .he exidagen
potencal, ~ac'.:*z ng cxidation reactons (Shus
and Morgzn 1970). We made no artempt to simu-
late the ..ai-....l evound-water redex state or to
quandiadvely 2csess the chemical equilibria that
exdsted curing the course of this experiztent.
Therewasvisivleruston 11 of 24 secSens of th
stziniess steel pipes (Table 3). Zach pipe seczon
was carefiily examined Frier to submersion and
z&er remeval Som the c*oz.:d ‘ater, [n this ex-
perizment ‘d in a previous one (Hewist 19€9),
oxidzz=on cadd =e st""ess steel waspredominand
found enthewall Uexddadonispr ovid;ng sites fer
sorpEon or relezse mechanisTs, then :he Leck!
cat surfaces were most Ekely act a a)or actorin
the hehavior of these mvo materials, Fresh susfaces
on the PVC zipe is not an ener::\en‘al arsfact
since FVC weil sceen is made by slotting the pipe.
Itwas a::a:e..t Lo the vah.es determined for
the contol samples that the three 2-L glass bortles
used to “'-qo.. .he ground water had di¥ferent

round waler cellected in i
fzucet and expesed o &

P

Table 4.
ground watern,

cc-zcentr-.' ons of acueous Cu (Azpendix i) The
range of aguecus Cua ::.-..e:-.:z:c-.s mest Lkely

Fgestbe)

Sne " wmm
-

reflec: the rasi icence nmaof o waterinthe
househoid and well -’"..:."":.e. Threedisdna poz-
Wagons of Cu cc-:ce-x fon wese Cetermined for
the conicls at the 33% c:r.:':c'ence level (X, =
§.8:0.0,n=4; X = 10...:3.:2.11 3 X3 =16.020.0, n
= 3). Differences benveen adjacent Dean co‘xce..

Tations were established by lesing against ¢

dmum vasiance determined for all of posuia-
dons (e, X, X, and X.X,).

The g':n.-s es‘acT'J.ec thethree Cz popula-
Hons were then tested to determine if & =y of the
other merais found above its MDL were also sig-
andy different. Table 3 sresents the avesages

-y
oo

and standard deviadons forthemetal woups Sased

on the Cz populatons for the controls. ot y e
shows the sa=e inceas:f::g Zezn concenTziica
trend as the Cu groupings; however, the averages
for the acjacent I ’b cu-s were not szg:u:cz:.:l

different at the 95% or even the 50% comfAcdence
level when analyzed in thesame mannerasthe Cu
populadons. This ?nzl}fs:s estabiishesthatonly Cu
was significanty influenced by the ss:.p:e sreza-
raten _...oced'::e. Mixing the grou
the three cclecHon borles wewic have eliminated

Physical state of stainless steel pipes afier exposure to

Secion

1 2 3 4 5

€834 WR

WR == == WR
§5 316 -_—

- =R

§

- WR WR IR

7 8 9 10 iy 12

WR WR WR

- - = =R

KzZV:

WR = rast on wail; ZR = rust on edge; dash means no rust.

Table 3. Average metal concentrations for the controls
based on the groups established by the Cu populations

(ug/L).
Populations . Cu = Pb As 7]
1 Avg. 85 02 an 055 2
SidDev. 00 0O a.00 0114 052
2 Avg. 103* 020 025 0.48 £8
Sid. Dev. 019 QG322 01N 0.00 09
3 Avg. 1600 022 08 0.48 35
Sid Dev. 00 Q021 0.048 6.00 0735

* Statsdeally different at the 29% confidence level

water Som .
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i he

contz=inadon uncer these ex::er'—xen‘a.l condi-
Hons. When FVC Jeached Stetals b, Cr and C&)
that exceeded 1% of the =PA drinking water qual-
Ny specScations into soludon, there was always a.
tend shewing a deczase in concenaton with
dme of expesure. This would suggest that the
leacking of Pb, Cr and Cd Som PVC is a susrface
process and is smail. Most Ekely the injZal release
could be deceased by more extensive cleaning
before the pipes are used. The same statement does
not apply to the stainless steel well casings. In the
cases of Jeached Cu Sem S5 316 and Jeached Cr
Fom 85304, theconrentrations of these metais con-
tnuaily inceased with e over 40 days. It is pos-
sible :hat stainless steels could s:..:ply these ana-
ytesto ;ound water cver an extended pesiod of
txe, perhaps the entre ife of the casing.

34 < ¢ sh G
Natesals that jeshed 517 of
the 274 ;'.-.'.-.‘xiag water qusiine
- level in ground-waier soluticns. €836 S8314 53334 S834 NaC
NC PVC 83318 b=
Ve s
Materiai that showed the
highest average overzil amount
of anaiyte ieached €8316 S53i6 55334 S804 ss:s
* Zoes notazsiv.
‘-‘e;‘:s . The! e\'e’ c.C-.eac."ed Zom :he SSS 6, CONCLLSION
farexceeded :hediference tenveen the estatiched -
popuizsens. Amieng the four hpes of well casings tested,
Y Tha raculte of this studv suzsert our srevicus FIrZwastheenly material that &id not Teach any
wosk (Hewint 1389) showing that PTFE is theleast  Of the nine metals examined. The other Tateals
ceacSve mzierzl, whereas Doth PVC zad stainless tested in this experiment (FVC, S3304 and 85 318)
steel well casings influence agueous concenta- compremised laborater; geund-water sa=ples
Sans of metals in laboratery g crotad-water salue by cc‘.‘:::'.::ng a...;‘\ tes cx Titer est (Za, C.., C: P
Hons. s inthe st <“""v'. he \‘ riznce among the and Cu).Investgatonswhersonly Tace metzlsare
stainfess st e-l rerlicztes was often Sie geatest, ci nterest 5h°’-ld use FTFZ beicw the sanated
incicagag th t thic :.ate..u is susceps Ie ta =r zone. P’\'Cwouc setheappropriate secand chejce
¢ucing rzadom emver. Soth srucies found that S5 since its influence on metal -a.v‘-e ASperss Tre-
316 and FVC leack and sers Cd; in addidon, these cictatle and small In conzast, the bwo staisUess
Swo materials, along with S5 304, sorb Pb. Stucies steel materials shm.ld Se aveided.
n the ‘;:-;:e showld Se conducted under anoxde
toseeif cxidation of the stzinless stesl: =
concsens o - stedl’s ) 2y TURE @TED
simply anarZfact of these experiments. f corresion
of s.a::less steel s absent ":'xde: .'eé_.ucng condi- Barcelona, M.J. and J.A Hel&Sch (1986) Wall
Sors, then we :.;gnt expect less random variaton comszucsen and purging efects on round-water
;1 £ 2m imda “tpg =
and less of an fluence cn e el analytes in samples. Invironmental Sciznee and Techiolacy, 2%
ground-water solutions. 1179-13184
- » - ..se ¥, Tes e & .
A summaryof theresulls (Table6) dearly shows Chao, T.T., E-A Jenne and LM. Hepsting (I%S)
that the stzinless steals were the greatest sousces of .:‘e containess
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APPENDIX A: LEVELS OF CD, 73, CR, 3A AND CJ DETSRVINTD
IN GROUND-WATER SOLUTIONS (L.

e 4

/J\g

1

Five Aeplizate  (dsys) Number O bt as 2a Ca
Card 1 1 1 <D* 0.31 021 42 &S
Cact 2 1 2 <2 (23 Q.19 4. €5
Caed 3 1 3 <D 025 023 4.8 189
Cazi 1 5 4 <D 0.48 018 35 3
Cast 2 5 35 <D Q.21 023 s ¢S
‘Cact 3 5 6 <D 0.1 020 % 102
Cact 1 20 7 <2 11 024 &1 1Ql

=l 2 20 s <D 31 022 &1 £S
Casi 3 20 9 <D Q.:9 Q.20 53 LS
Casd 1 39 10 <D .42 6.0 £X] 10.1
Cood 2 ] 1l <D 04 020 87 X
Cazi 3 30 12 <D 033 024 £3 181
s 1 1 1 <D Q:0 0.29 3 H&
Fitz 2 1 2 <2 025 0238 &3 ¢.3
e 3 1 3 3] 1R ] Q.19 39 137
s ! 5 4 17 0.40 024 4.9 £.1
rirs 2 5 5 <D 030 0.2 35 &4
7ice 3 3 é <2 0.11 021 23 38
Firs 1 2 7 ez .40 021 :s 183
7 2 20 8 <D 030 016 52 49
F s 3 20 ) <D 034 0.19 33 4.5

o= 1 0 10 <D Q.11 01 3.9 43
Fifs 2 ] i1 <D 11 0316 &3 7.0
Tics 3 h] 32 <D Q.30 0.26 32 43
b4l 1 1 1 0109 29 133 &7 $.4
Ve 2 1 2 a.128 .09 1.40 70 &S
vC 3 1 3 373 o 1.:8 é.1 8
e 1 3 4 0.073 239 1.15 2 £0
ve 2 5 5 0342 43 130 £.4 32
g 3 5 6 Q.109 1.57 1R} 8.1 £4
e 1 2 7 <D 211 139 &4 119
Ve 2 20 3 <D .66 1.40 23 43
Ve 3 20 $ <D 034 R &1 4
Ve 1 40 10 <D Q.53 1.08 &1 43
FvC 2 49 31 <D 073 1.3 82 4
e 3 s0 12 <D C.55 2 5 3.
§5 3 1 1 1 <D 0.+8 122 &7 ¢3
554 2 1 2 <D c.ss 1.13 7.0 132
S5 354 -3 1 3 <D plel 245 7.8 8.1
S8 304 1 s 4 <D 128 333 7 ¢s
S5 2 5 5 <D 098 s 82 &0 -
SS 3N 3 5 ) <D 24 348 7 18
£ 304 1 20 7 e.0f2 ¢.50 436 73 &1
SE3M 2 20 ] <D 2 387 7.5 87
S5 3554 3 20 $ <D 4.98 839 73 1848
534 1 30 i0 <D 257 530 67 &1
£5 304 2 40 11 <D 1.47 436 &4 e84
S5 304 3 40 12 <D 173 3 7.9 159
$531% 1 1 ! 24 Q.41 148 7.0 =
£5 316 2 1 2 0209 0.60 129 73 25
£5316 3 1 3 0928 120 1836 87 5
85316 1 5 4 o7 0.96 181 535 kv
s 6 2 L] 5 2930 230 1.69 s 74
(5531 3 S 6 0453 0.5 1.56 9.5 23
£5 316 1 20 7 0328 1.50 345 123 122
5316 2. 20 s 0376 026 .96 83 &7
S5 36 3 20 9 0324 0TS 350 123 &S
g5 316 1 40 10 0287 0.67 :8 113 $73
§5 316 2 40 11 0384 073 1.4 £.0 w2
s Ns 3 40 12 0209 256 248 s o3
* Less than MDL
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Inﬂuence of Casing Materials on Trace Level
Chermcals in Well Water |

by Lou.se / P:rke 7, .!cn D. Fewzfz, and Tromzs 7 Jenkins

Abstract
-cnv we J C__S':z brot-34-1

cancituesnts in wall waten

Exceot for slew less of PY, PTFE weil casings

hO..'. S. ==X

fals — selyvizvi ehloride (PVC). peivtetrailucroetyiene (FTFE), and 5‘.4._"..7
f
(SS 3C2) zad 316 (SS 326) — wers exzmined 10 determine heir suitzRility fer memitering iacrgarnic

Pt tel Rod ] —va

The inorgznic siudy used a fzciorial desiga 1o test the e.":’::'. of csnzentrziica of mixad metzls (zrsenic [Asg),

cE::::r.:u:.-. ;CJ iezd {?b] znd czémium [Ca}) pn. zad organ ' i
s had no significant 222t cn the concentration of merzls in

czrben. Sampie tmes were 0.3. 4, 8 24,204 72

solution. Sor 1he other casings, chznges in znalyie concentration ofien excseded 10 percent in eight hours or less
z1d. 1que. ould Sizs znzlvses of sempies tzken om wells constructed with these ::z:c': Is. S,:::ﬁc.;l’v PVCezsings

wse =

--d Py znd iesched Cd: SS 316 casings sorded As 2ad ) and
s shewed mzrkedly pocrer perfermance thedt the PVCcas-

-

e.n: % 2nc lezczed C4 Soth siziniess s.:-! czsing maierial

ings.

lszchad Cd; zad SS 334 uzsmss sc::cd As, Cr,

The weil casings were zlsg tested for <o—;uon/c-soz—ucn of 10 organic subsiznces &em the follewing classes:

chiorinzted
houss, seven dzvs. 2nd six weeaks. There
sizinlses 5122l well casings. Significant loss of some a

(32—

2ikenses, chlorinated zromatics, ajircaromatics end “r..'z:.-..:zs. Sample tmes were 0, 1, 8, 24, and 72
were n0 detesiabie losses of analyies inzny of ihe sa:.-.;:xc solutions cont2inin
sal\tes was observed i szmple soiutions contzining glasiuc

casings, although losses were alwzvs mores apid with he PT7 = casingsilaz with P\fc. Calorizzted orgznic schszness
e jost most rzzidly. For samples contzining PTT S casings, losses of some of WMese compounds were rzpid ezough

(>IG P L P e 14 ’!

oo wmaasl des = Seth a0

uss) o “e of ¢ancern for ground water monitoring. Losses of :\'d'o;:w":c orgenic comsutuent

zaatzining : T':. casings were carv elated with ih cempound’s omzanclivater zanition coeilcient

in szamples comainin

’ .

Introduction
The U.S. Savironmental Proteciion Ageacy’s
(EPAs) RCRA Ground Water Monitoring Technical
'-""or":::: ~t Guidanes Documez X(T'.'.'CD) (US.ZPA
Séa) states that only fluorocarben resins or siziniess
21 (SS ) casings should be used for monitoring volatle
orgz...:: i the sarurated zone. The origizal draft of this
documest (U.S. EPA 1985) suggcs‘.cd that Tedon? or
stainjess stes] 304 be used for all ground water moaitor-
ing 3t RCRA sites. The EPA was concaraed that mazy
of the casing materials used for ground water moritor-
izg could c:'..bc' zect the qx.ahry of the ground water
or ¢id zot szve the 10'g-tc:'m siructural characterisies
required of RCRA monitoring wells. With respect 1o
’.he EPAY Sost cozcern, 3 review of the Lterature pub-
lished pricr to 1586 did oot reveal sutstantial evideacs
10 support e pesition takea by the EPA in either edi-
tozn of tis doc:x::e:n (Parker et al 1989).
Few studies have spécScally addressed the possidie
i:.x:rac'.io ] be’we': well casing materials and metal

et Aewala il damrs WAciaiee shat

be significant (Sickelz et al. 1565, Roberson 1968, 3at-
ley and Garcner 1977, and Masse et al. 1581). Ia one
study of 2VC well casings, there was negligicie loss of
ciromivm Tut large losses of Jead Som 2 deionized
water soludea (Miller 1982). Otaer studias it Pyrex
glass and po’vc"-\ lene 2lso fouad that Jead was t5e mest
rzmdly lost azzivie (Sbendrixar et 2L 1976). Zarcelona
and Helfrick (2 86) compared the concantrations of
several metal species ia samples taken from adjacest
PVC, PTFE, 204 SS wells. ".:ey found increased levels
of iron in water samples fo the noz-purged S§ well
10 be the ozly statisteally signifcznt cifferzace. Iz 2
pravious ia s"“ study by Houghton and Berger (1984),
a steel-cased weil zppeared 10 leach a aumber of metal
s-_:cc:s, ::cl-.:c:r. ez, cac:::":-z. c"ar-.n.—z, cspper,
manganese, mclvdbdasum, selenium, 2ad zise, '-sn:-x
esmpared with 3 2VC well 2ad one cozstuaied of acy-
lozitrile-butadisae-syTene (ABS). )
Serptioz of crgazic solutes by well casing materials
hasbesa ::;o::d iz several publicaticzs. Miller (1982)
12si8d PVC wall macima far earmrtion nf *=acn loyale (2.



hzne, wichicroerhyiens, 111
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14 sicw lesses of
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form, oiehicreniugromey
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ehviens) in ac.c::s soiviicn and foun
tetrachicrosiaviene (2530 parcent in
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¢ Giiltkzm (1986) esi5d 5¢

Revneidean
PIr= -.:.:1-.”22?5 fer c.,.:o"x of trace ieveis (pt) of fve
halegenz :g znics. They found ragid sorption of

mrac:]c. oethviane by PTrz. siew sorption of 1.1.1-
wichleroethaze, 1.......-. wractloroethzae znd hexa-
cnloroethzrne. zad 26 sorption of sromeform. They also
found siew serpion of 2l the znal alyies except irichleroe-
ihzne by PVC Whije 30 percent of e tetrachloroe-
ihylene wzs sorsed by the PVCin Sve weseks. the same
2mount was seroed by PTr= in cxaly 2ight hours. They
aurisuted Jose of ihese arganics ic ehsorption and davel-
cped a mocel where u *'zke of ise :ompou“d Tocseds
by sorpticnicissolutica into the poiymer sumacs, fol-
jowed 3y Giffusion into ihe polymer mairix, However,
?‘\':cxcs z=d Gilhzm (1986) ccuid aot predict which
organic chemiczis wers most suscestible 1o absorption.

Svkes et 2l (1986) comgzared sorptica of several
organics 5y PVC, SS, and PTr= weil casings. The casing
malerizis were ::uzharzxcd for seven davs (£ C)in zna-
e solutien. :Eac-d in fresh znaivie scluzien. 2nd thea
tesied for jcsses due 1o sorpticn zfier cne 2nd 24 hours.
Aler urs they did 20t fad zzy significznt josses
for zay of he casing materizls.

While these studies inciczte 133t serption of same
organics m2y 5e 2 significant prodlem for J.Izs'ur: casings
over the icng term, oaly the siudy by Miller (1982)
examined desorption during ihe Irst two wesks. In that

study, he obsesy ed same deso::ucn (28 percant) of the
terrachloroets hviese that Bad beex zreviously sorbed by
the PVC casings.

Casing matesials may also Jeacs a variery of organic
substznces. Iz rvg studies (Miller .982, Parker and Jenk-
i=s 1986) znalytical interferencasiz jeackates fom PVC
well casings were sought but nane wers found. Curran
and Tomsoa (3983) also examined the leachates fom
five plastics, including PVCand ?TI-?. They found that
PTFE Jeached e fcwest contzrninants and that aon-

glued PVC was a dese second. Whtle it is pessivle that
orgasic substancss such as lubriczzts vsed during manu-
facture or inks from printing couid leach from stzinless
or plasic casings, 30 information currently available in
the lterarure confinzs this.

It is interssting 10 note that despite the literature
that is available regarding sorption of organics by PTTE,
articles have receatly beea published that clzim it is
superior for sampling organic substancas (e.g., Bryden
and Smith 1589).

The purpose of the studies concucied by the authors
was 1o Getermine the suitability of four well casin g mate-

Tials (P\«C, PTFZ, SS304, and SS316) for menitoring
inerganic and cr:amc solutes ia ground waten To do
this, rwo separate  studies were conduciad, one for inor-
ganics and ope for organics.

-
-*A

General Comments on :he Inorganic and
Organic Studies

Twe-inen (innar) dizmeiar well czgings manulse-
tured spezificzily for ground waler menitoring wers
vsed in zil studies. These czsings wers :'.:.'::a<e" spazi.
fczlly for 1ze studies and wers stored i3 2 ascll drv
room pricr 10 use. Preczuiicns wers izhea while the

casings wers being cut 10 grevent ¢ 'ar:::::znca rem
zreasc. dirt, oil. solvents. and axcessive hzndling. The
ground wiier used in ihe studies was obtained fem a3
domestic weil (249 feet (76m] deep) in Weathersieid,
Vermont No ztiempt was mzde to mzintain he native
dissalved cxvgen jevel. As a zenerzl cuideline for eval-
uzting cur resuils, we ccnsicared anychange in canean.
ration (reiziive 10 ine csnirol sempies) of 10 zarzent
inzn eight-hour period 1o Sehe maximumchangs eies-
abie.
Inorganic Study

Experimental

Mixed me:z] soluticns were pregared Sy sgiking
ground water with zrsenic (As), cadmium (C4), caro-
mium (Cr) z2nd lead (FH) 2t two concantrations: 50 an
100 pg/l (;;b) for As, Cr,zand P9, 2nd 10 and 2 wgl
for Cd. The nigher concenirzticns are the currant maxi-
mum c:mc.::'.:auo-a Ixm::s set by the Z2A for drifking
water (U.S. ZPA 1984h). Pricrto treztment. the sound
water used in xh:s study was znzlyeed azd feuzd o
contain no dalesizdle ar:-.om'.s of any of these mewzls
al the seasitivity levels used for znalysis. To simulate a
wider range of ground water cancxtxcns. the tesis were
rua at the zatural pH (7.8) of the well water Zlus 2
lower pH (5.8) and at two Jevels of orgznic carten. ZQ
(raaoc.‘t grade) was added 10 jower the sH and Smg’L
(ppm) of 3umic acid was sdded to raise 1he orgazic
carbon content A compieie (2%) faciorial experiment
was used 10 test the effeqt of these reziments (c3acexn-
tration of =etals, pH and organic carbon ccatent)

(Table 1).

Beczuse the wall thickzesses varied berween the

_plastic and the two stziniess stesl casings. the casings

TABLE1 .
Matrix Design for Inorganic Study

Test Metal Qrganic Carbon
Condition Concentrations’ pH Added?
1 high 7.8 ne
2 high 7.8 ves
3 high £3 o
4 high 58 ves
5 low 7.3 a0
§ low 7.8 ves
R low 58 no
8 low 58 . ves

! Migh metal cancentrations were 50 upl As Co 75, and 0 u-t-” cs
Low me: xl :aa:g.-x'aucns were Oupt AL . s ané SuplCa

b SO B W

AT

AT,
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wess cut {0 Giffereat lengiks s0 1hal the surface
ezch was consiznt (80 cm®). Cut seclions were rinsed
‘witk deicnized waier and zir-Cried defere use. Indivic.
uzl well casings were ihea placsd ia 123mL polyvpre-
sviene fzrs comtaining 100mL of iest solutien: the ratic
of czsing surface zrea 10 2gueous velume was 0.82 ¥/
mL Similariarsthat contzined the test solutions withaut

-2ny casings were used for control samples. The samgic

vessels wers coversd, stored at 24 C and kept frem
aatural light. Duplicstes were run for each combinziion
of variables and each casing marerial.

Szmpie aliquots (2.5mL) were tzken from each caz-
tziner 25er 0.5, 4, 8 24, and 72 hours. The aliquots wers
lacad in cleaa 7.5mL polvethylene vials and scidified

-
P-

10 2 oH of less than 1 with nitric acid 1o prevent sorpticn
by 1he comiziness. Metzl cancantrations were odtzined

by graphite furnace alomic aSsorplion speciroscony
(Perkin-Elmer, model 703 ztomic absorption specire-
chotometer coupled with 2 PE model 2200 heated
graphite zlomizer). The concantrations of metzls givea
in this study were mezsured as totzl

The metal concentrztions were aormalized by divic-
ing the values ottained for sample solutions that cen-
1zined well casgings by the vzlues found for equivzlent

nirdis, Tais el wiis fer 3qid comzenes
icns 12 he znmeivisd Ty a single znzlvsis of variznes
LANCVA) Thus. it was pessitie 1o gmuliznscudly tast
fer the effect of seluie conesntrstion. A :nd ergznic
23r7gn at szcl szmpie tme for s2ch z2sing maierial, If

2 casing ex2m2g 2o indluence on znaivie semeanizticn,
the expesiad value would be 1.00. Aa increzse ia the
rziio indicsiss that the well casing reizased meta] into
the soiutica, while a decrease in the ratic indicsias that
maial was sarded by the casing.
Results and Discussions

Azsreximziely half of ihe siziniess sies] csings
shewsed signs of surface rust. In soms cases (8§ 318 at
a lew o), sufficient oxidzticn ocsurred 10 form a
avérous irea cxicde precipitzie. Tais pracipitzis was
sever observed in the control samples or these with
PVC or PT7= casings. While the authors rezlize st
rusting of the stzinfess casings is very cendition-spesiiic,
the test cenditions should Se generzily represeniziive
of shzliew weils. Also, it was noticed (hat the casings
kad rusied some during siorzge pricr 1o zny lesiing.

Tatle 2 gives the normalized mezn values znd siza-
dard deviations for ea2ch znzlyie, well casing end lime.

TABLE s s T

Normalized Mean Metal Values®

for Samples as a Function of Time

Arsenic : Cadmium o Chromium Lead

Standard Mean Standard ~ Mean Standard
Deviation Value Deriation Value Deviation

Time _ Mean Standard ‘Mean
(hr)  Pipe Vilue . Deviation Value
s PVC 0.901 = Q.038 1.01 =
FITE 0.999 = Q.0s0 101 =
SS304 0.997 = Q.057 1.06 =

§5316 0.994 = 0.0 1.04 =

., 40 PVC 162 = 0.025 115 =
Pir= 963 = 0.052 1.03 =

SS304 0.978 = 0.043 117 =

§S316 1945 = 0.060 134 =

80 PVC 1.00 = 0.025 1S =
FIFE 1.01 = 0.098 1.03 =

SS3C4 0962 = 0.057 116 =

§S316  0.845 = 0.068 130 =

240 PVC 09 = 0064 . 116=
FIFE 092 = 0.054 1.03 =
SS304 0.8%4 = 0.051 112 =
§s:6 - 0883 = 0.080 136 =
e Ve 1.03 0.044 134 =
PTFE 102 = 0§ 1@2=
$S304 0.891 = 0.084 1.3 =
$s316 0.874 = 0.083 128 =

0.018  09%9= 0009

0.02s 101 =
a.on 181 = 0.007 1.00 = 0.c25
0.c36 101 = 0.036 102 = 008
g.ca1 182 = 0.015 101 = 0.c28
a.c37 0.999 = 0.013 0.889 = 0.033

0.031 0.974 = 0.51%
0.037 0784 = 0.035

0.054 1.01
Q.:5

o
‘0
th
-~

!

053 081 = 0.052 0.8C3 = 09077
Q.037 10 = 0.014 0.853 = 0.Cz5

0.035 0.589 = 0.019 0.985 = 0.032
0.4 0572 = 0.16 0.699 = 0.631
0.27 0.572 = 0.10 0.804 = 0.20

0.016 0.8C8 = o.ca1
0.024 0951 = 0.0<Q
037 38 = 0.0¢2
0.11 0.7%3 = a3

0.cs4 1.0
0037 1.0
012
0.68

o
R o
th
"

.08 035 = .04

0.029 101 = ;
ot 1.4 = 0.013 0.899 = 0.0
2.4 133 = 0.42 0.452 = 0081
.46 0836 = 0.09%9 0.729 = 0.17

! (Canceairation for samples with asing)

{Caneeatration for contrel samples)

= Normalized mean value
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Figure L Trends io mean arcenic conceatration for four well
asing rmaterials,

1a generzl. thers was 3 change in arsenic cencsntration
for the szmpiz sclutions contzining either the PVCor
PTFE czsings during the 72-hour test period (Figure 1),
and o cansisiant sauera of effscis was evigent from
the ANCVA. Tae rezs0a As did not interset with these
casings may D¢ Secause As exisis in natural watess in
the a=ionic form (Fowler er al. 197%). Masse et 2l. (1981)
found that zziozs do aot strongly zssocizte with plastic
(polyethylens znd PTFE) surfacss, whick 2re kaown for,
their cation exchznge capacity. Tae samgies cantaining
the stainless ste2! casings. on the other S2ad. shewed a
10 percant decease in aqueous atsentic cancsatration
relative 10 the canwols zfier 24 hours (Figure 1). It
appezrs that thers was no further icss of this anzlyte
afker -4 hours. Alhough these resuits cznnot be used
10 pradict exacily what losses might ocsur under field
caaditons. it is doubtful that this Joss was rzzic enougd
10 impact water suzlity measuremnents (Icsses were less
than 10 percant zfier ight hours).

The resulis fer Cd are quite different. Alter only
four houss, C2 coaceatrations in the samzles cantaining
PVC 2nd siainiess steel czsings had increased by more
thap 10 percent (Figure 2), with the mest leacking occus-
ring in the sampies containing the SS 316 casings. Cad-
miurm may have Seza added to the PVCas a UV stabi-
lizer (Wiison 2t al. 1982), 20d may bave Deez added 10
the stzinless siz2l to enkhance resistance 10 chloride
cracking (Seéricks 1978). The conecsatration of Cd ia
tbe samples contzining PVC casings leveled off after
eight hours. ANQVA revealed that pH ad a significaat
efect (a1 1he 95 percant confidencs Jevel) for his casing.
Alibough the szme 2mouat of Cd Jeached In zll the
samgples (appreximately 035 mg/l), cozceatration was
also signifeant (at the 95 perceat confidezce level), but
only bezzuse relatively more was leacded i3 e low-
concsatration samples. Conceatratiens i3 samyples coz-
taining SS 304 casings deceased after eight howss and
afier 72 hours sad returned 1o the same levels that were
found iz the coatrol samples. Again, more Cd leached
in the low pH samples. C4 was leacked mest s2pidly in
samples contaizing SS 316 casings. There was 2 large

n - - . - l - ;
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Figure 2 Treads is mean odmium concentration for four weil
aasing materials,
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Figure 3. Treods in mean chromium coocestration for four
well casing materials, :

ples that contained sizinless steel casings. With the
exception of the st set of samples (1 =05 hr), the
relative standard deviations ranged from 12 10 15 pez-
ceat for samples contzining SS 304 and from 47 to0
68 percaat for these containing SS 316. In contrast, the
standard deviations for samples containing PVC and

" PTFE casings were consistently below § perceat..

Because the variancs ia the samples containing SS 316
was so large, there was ng consistent detectable effect
of pH for these casings. Howevez, surface oxidation
appeared 10 be the =ajor source of this variance. Witk

respect 10 3¢ leaching of metal suabilizess from PVC o~
pipes, the literarure indicates that Joss c2a be 3 sulace

pheaomencs that caz be redieed or eliminated by either
washing (with detergest) or sozking in dilute mineral
adid before use (Packiara 1971). It may be that the loss
of C4 from PVC zasings can also be reduced by a similar
treatmest, ahthough we did act test this possibiliny.
There was £o easurable sorption of chromiua by
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solutien. Agzin. the siandzrd deviz

of inteszetica with the plastic c2sings may he"Zus 16
chremivm s;::'zz:‘ a. Iz soluticn, chromivm exisis pre-

: ,cc.,..........\ as Sicaramaie and chremate (Cr: 057 CHOF)

zad. 2¢ menticansd srevioushy zzicns are not as iikely

g ore
e clic surfzees. Sowever loss of chro-
mium wag rzoid amough (53 percent aller sight hours)
for SS 336 casing ..-::.::.':zl 10 be ¢f cencarn for ground
‘z1er monitcring. Losses were greater at ihe Bigher pH;
Cr speciziion is ,.ncw': 10 be zff2cied by pH and may
be respensitie ‘or some of these differsnces. Surface

oxidatica was greater at the Jower pH. which likely

: camrz'"'t:c' 10tae .ar°:: \'ar'amhn'. Also.forthose sam-

sles where 2 Zyérous iron exide pracipitaie was formed,
co-pracdpitziicn may havecon :::'.:'.zd tothelcsses frem
ons were consiger-
zbly gazter for e samples conta mmz the sizinless

siee] casings. Sumic zcids apparenily ing -scd e sia-

.x]x:}' of aguecus Cr. perhaps oy aciing as 2 complexing
zgent (Sivmm and Margen ! /u<)
Lzzd was oy fzr the most aciively sorbed meial spe-

s aremren

cles. While all szmmpie soiutions ¢ontaining casing mate-

rizis showed some Joss of PE with time (‘ igure 2), PTr=
was the jeast zcive surface 2nd S5 304 wzs the mest
zcaive. The lcsses for semples centzining PTr = czs:'nzs

ra
do not zxpezr io 3¢ of concera wiid respect 10 ground
wzier menitgring; losses were only s percant
24 hours. However Josses for semp les comidin =g PVC
znd siziniess casings zre of concarn: icsses were 10 per-
aat zher exniy four hours ia the szmples co:
PVC casings znd 20 percaatin those containing stainless

—cos ine

casings. Although Icss was initiaily rapid in sampies
coniaining SS 31§ czsings,it!cvei doff zfter sight hours.

Tae stzadzrd deviatien was higher for the s-*-:; ies con-
1zining SS 316 casings than "or the other casings. For
Soih sizinless siesl casings, there was Jess sorgtion of
PY at ihe lower pH whers hydrogen jons may have

smpetad for scrption siies. Added !'.'.:rz material ap-
Fzrenuy acied as 2 complexing 2gent in solution. makn g
lezd Jess prone to sorption. Conczatration 22d no consis-
tent efect,

" Undoubtedly, there were shifts in the chemical equi-
libriz of the well water solutions frem the time the well
water wzs coilasied until the end of the cxp:'i'-zc'ut.
Ground water 132t is removed ffom 2n zncexic ezviron-
ment and expesed 10 oxvgen-rich zir may undergaredox
and -rc.‘,.nzz ea rescions (Stummand Vorean 1970b).
Also, Jowering the pH shifis the cardoznate cquui‘onun
in solution {rexm predominantly bicarbanate spedes
toward earbon diexide (Manzhan 1972) and causes shifts
in Cr speciation. Cearly, such changes would alter the
trace meal s:-cce dxexribt.non. These possitle changes
were a0t mexnit in this’ cxpe'me

For fumher S2tails on 1his penion of the study, refer
10 Hewd (1988).

Organic Study
Experimental

The four well casing materials were 2lso tested for
sorpuo_/duc.,.xon of low levels of 10 organic sub-
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1.3 5. rimitsananzama
- ' s w10 se0sts W wrimmes e

irinftro-1.3.5-irizzine (R2
(TN3), cs- 21d trans-i2-dicxicroethviens (COCE a4
TDCE), m-ajtrotoluens (MNT), trickleroetivisne
(TCE), calcrobenzene (CL3), 2nd o-, z- 22d =-
dichlorobenzene (ODC3, FOC3, MDCE). Ths citert

[}

used for seisciing these znaivtes includes being 22 27
priority zai ilutant, moiecular siserre. sojulility in
water, Koo value, znd retention Ume (esing reversed.
phase high performance iiguic chromategrzzay {EFLC)
znalvsis). SPLC znzlysis of 13e ground wzier used 5

H. o

these studizs revealed no Zetamizdie jevels of zzy
these sugsizness.

For these experiments, casings werg cutinto il- 10
l4mm-long sections, whics were thea cut into guamers.
Again, the length was varisd so that the surface zrea
could be mzintained censtant ] ..e casings were washed
in soluticns of detergeat z=d dsicnized water, ....se..

mazy timas with deigmizad wa:c.. gr ::,sd znd 2R 10
air dry. Two pieces of 22ck iype of casing were placed
in 20mL giass vizls hat wers ZIlled wiis ke 3guasus
test sqlutica so thers was 0 head spacs, 2nd cz.,::d
with Teflez-lined plastic caps. Vials wiid iest seiuviien
but no weil czsing material served 25 convols These
controls ellewed us to eliminate any effacis suck 2s these
that might be due tothe vizls or caps. Taeratio cfc.s:::g
surfacs area 1o solutica veizme was 0.79 amiimb. Tae
ratio of salution vojume :8 volume cf casing material

was appreximately 1Q:1.

In the Srst expesismant Be test solution was zre-
pared by zdding knewa amcuats of ¢ach of e crganic
solutes dzrac:!) 1022 L of well wateriza sz,zss-stoppe:-d
bortle, whick was sti-ved everzight. The Zzal conesatra-
tion was 2ppreximately 2 gl f or e2ck crgaxic constitu-
eat. The solution 2lso ccztaized 20 =gl of HgClh,
which was added 10 prevest biodegradation of it2
orgamcs. Sepazrate vials were -'-;:are :’c:: 23ch samzie
time 50 that the test soluzics couid be disczrded after
sampling; there wers thrse replicate sampies for 23cz
material and time, Centace Umes wers § Souss, ¢ns
bour, eight hours, 24 Bours, 72 houss ('.1'::: dave), 14
hours (sevea days), 2nd appreximarely 1000 hours (six
weeks),

Afsesa 2lAvot wag ramaved "" ""\‘§‘§ "":‘: :.’:‘\



TABLE 3
Normalized® Average Concentrations of Organic Analytes for the Four Well Casings with Time

Anaivie Trea:ment 1 Hour 8 Hows 4 Hours 72 Hours 168 Hours 1000 Hours
RSX 7TFE 1.03 1.00 1.00 1.02 0.81 0.98
Ve 1.01 1.00 0.58 1.00 1.2 1.09
5304 0.99 0.99 101 1.02 110 0.58
§s316 1.01 0.99 1.01 1.02 131 1.00
™3 PTFE 1.01 1.00 1.00 0.58 C0es 1.01
Ve 1.01 1.00 0.98 1.02 1.01 1.02
$S304 0.99 1.00 1.00 1.05 1.07 1.00
ss316 1.2 0.99 1.01 1.07 1.06 1.02
CIDCE PTFE 1.0t C.96° - .96 0.84 0.01° 0.75"
Ve 1.00 c.o9 0.95° 0.96 0.85 080
§S304 0.57 1.00 1.00 0.96 1.04 0.58
SS3i6 0.5 0.99 1.0 1.01 0.58 0.99
TIZDCE P17 1.00 0.9z 0.88° 0.83 0.66 0.56°
PVC 1.00 0.58 .93* 1.06 0.83 083
8304 a.05° 1.00 1.00 0.95 1.11 1.03
. $S316 1.00 0.99 1.00 112 1.3 1.00
MNT PTFE 1.03 1.00 0.99 009 0.20 0.90* -
PVC 1.02 1.00 0.88 1.5 0.99 0.84
SS304 1.00 1.00 1.01 1.00 1.8 1.07
5336 1.02 1.00 1.2 1.08 1.10 0.99
TCE PTFE 1.00 0.90* 0.85° 0.75° 0.84° 0.40*
PVE 1.01 0.93 0.94° 0.99 0.84° 0.88°
SS3c+ 0.96 1.00 1.01 0.96 1.4 0.99
$s316 1.0 099 .10 1.04 .98 . 1.00
cL3 7IFE 1.01 0.63* 0.90° 0.85° Qs 053
y Ve - 1.0 058 0.95° 0.98 Qe 0.56¢
SS304 - 058 1.00 100 0.97 1.05 0.99
$5316 0.99 . 0% 1.01 - 1.04 0.98 0.9
ODC3  PTFE T 010 0.88 051t 068 0.¢3°
PVC 1.02 0.97* 0.94° 0.98 0.83 0.36
SS304 0.98 099 - 1.00 0.99 1.04 1.00
§S316 1.01 0.98° 1.01 1.03 0.98 1.00
PDC3  PTFE 092 0540 0T 0.54* 047" 026*
‘ PVC 0.9§ 0.85% 0.92* 0.97 - 088 0.80°
SS304 0.51* 0.98 1.00 0.98 1.02 1.02
ss316 0.54 0.97* 1.00 1.04 0.57 1.02
MDC3 PTFE 100 0.8 0.75° 0.56° 0.28* 026°
PVC _ 1.02 0.95* 0.92° .57 0.58° 0.80°
SS304 0.9 0.96* 1.00 0.9 1.62 1.02
§s316 1.03 0.96 1.00 1.04 0.9 1.01

1 Values are desermined by dividing the meas conceatration of 2 given asahyie at 3 gives tie and far 2 paniicular well casing by the meas esncemration
{far the same analyie) of the conmel aopla ke a the rame e b )
* Valua significanty differem from conmrd values (a = 0.05)




reversed-zh <e.

of ihe (UUkncur samples. the vizis wers emzl

wers rinsed with zzproximately
terigremove any s eqdual soluiien
surfzees, The casing piecss wers then
slaced in new viz ¢ fresh unspiked well water was
adced. Theviziewere czoped with newezps aand zilewed
10 eguilitrzie for s davs. Alicuots wers then tzken
{rom iqese sampies end analyzed to determine if desorp-

tion had o:::::::d.
13 the secsnd experiment 2.0 g/l of NaQ was zlso

the piszes of casin

~ fe .y .

20mL of freghagila
.

eC..-. u-g e Wne

" added 10 152 test ‘solution 10 determine the effect of

rad

inceased jcnic strength on the rates of sorption. Samp-
ling tiroes wers the sarme exespt 12at the last samples
were tzkez zfter appreximately 1200 hours (seven
weaks).

All zzaly I eterminations were mads by
g1 performzace liquid ciromato-
grapby. A mocular sysiem was employed ihat consisted

-

of a Specira Physics §7 8810 isocratic pump. 2 Dynateca
LC-241 zuiesampier with 3 100-.L loop injector, a Spec-

trz-Physics $P:30 varizhie waveleagth UV detectar set
a1 210 o, 3 Sewient-Packard 3383A digital integrator,
znd a Linear mocel 833 strip chant recorder. Separations
were obtzined en2 i8cmx 4.6mm (S um) LC-i8 column
(Supelco) eiuied with 1.5 mL'min of §2/38 (v/v) metha
nol-water, Saseline sepzration was achieved for ell 10
znalytes. Detzcior response was odtzined (rom the
digit 2l .n::;_::zor operziing in he pezk Hexgnt =ode.
Anzhez] grecsion ranged fom 0.4 10 3.98 percezt, 2s
detarmined by the poolcd standard devistion of triphi-
cate injval meastremenis

For eacs znalyvie zad sample time, 2 one-way znalysis
of varizacs (.-s..\C\A) was pc"formcd 0 dcze.....n: if
the well casizg material 5ad a significant ¢fect on ana-
Ivie coneentmziica. Whers significant c1f.’ercnc:s were
found, Duscas’s multiple range test was performed to
determine which szmples were significenily different
fom 1he cantals.

Befere 3¢ 'v~o cxper:me::'.s described previously
were pe:’o‘ med. a preliminzry leaching study was con-
ducted 10 cdetermmine if 2ny substancss that could intes-
fere with the zzalytical determminauons leached Somthe
casing materizls. For s study, ™ve p;ec..s of each Hype
of well casing were placed in eacl of two vials. The vials
were filled with ""sh weil water so that there was no
headspace, capped and zlJowed 10 sit for one wesk. An
aliquot was iakea from each vial and azalyzed. No
deteciable peaks were observed in any of the samples.

Results and Discussion

The da:a for the {i-st experimest are summarized
in Table 3, where the normalized coneceatrations for
solutiozs containing well casings are given 25 a funcden

- of time. \c:'..‘:c‘ npe of stzinless steel czszrg affected

the conesz .:ors of azy of the analytes ia soludon.
hcwcve.. signifeaat oss of solute did ocsur in the solu-
tons that costained plasuc casings. While the rate of
loss differ2d dramadeally ffom analyte 10 analyie, losses
were alwayvs greater for PTF= thas PVC

For RDX a2nd TNB tere was 10 Joss of azalyie
fram soludozs costaining eitber plastic casing, even

szr‘.,..- <oI tens ‘..4{ sonizine
Jessealy bezamasignifezn sfar 5
iess); hers wzs 20 jess wiik the PVC casin
wasjost much mere resdily imsampias comizining PTr=
casings thaa was s iscmer zzin, E(Figure 3} (Tas
solid iines shown in ihis Sgure znd Figures 5.3 wers
Gtied mapually) & Figere § shew's ke icsses of TCZE for
the four well casings. Figurs 7 shows the rate of loss of
the three DC3 isemers and CL3 in the sampies kat
contained PTr= casings. Tae order of less was PDC3
and MDC3 > ODC3 > CL3. While the rate of lcss did
not exceed 10 percent in eight haours for any of the
previous salutes, it is noted :kat Josses of PDC3 2ad
MDC2 wers 16 persezt in 2ight hours and thus wers
rapid 2x0ugh 10 De of copeers with raspest o ground
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TABLE 3
Results of Desorption Study

Caoncentration in me/l. after three davs equilibmién
Casing Materizl RDX TNB COCE TDCE  MNT TCz . CL3B O0DC3  PDC3  MDC3
0075 0:7 028 038 030 G

Telen B ND 029 0.23 033
ND O ND 021 0.25 0.076 0.28 0=3 035 034 035
NDND . . 0.074 . . . . .

Ve NDND 0.079 0.5 0.046 34 0.1 0.15 037 0.:3
ND  ND 0.080 034 0.0<4 0.24 0.0 035 0.:6 =1
ND  ND 0.050 .15 0023 03 05l 0.16 0.36 20

* Resuhs not presemted Secause of sgéitional loss of velatiles, frobabiy resuiting from 3 locse < on this vak

N© = Not detecied,

eestUa oo S0

10 perzent iz eight hours for any of the argzanics tested,

water :no-"o"-a For PVC, lesses never rsached r I e i R
2nd thus the suiicrs seleve that PV Cisclearly superior t

10 PTFE for weils whers water samples will be znzlyzad £3-
for orgexic cur:s:.:;cms.

Todelermine iftheloss of organic solutes was revers-
izle, the pieces cf casing that 5ad besa exposed to test
soiution for 1000 Jours were rinsed zad thex cxpcscd
1o fresh weil water for thres 2vs, Measurznie quantities
of 2l the crgzzics were recoversed where significant e e
losses had bean chsesved (Tatie ). Thus, Joss was due T ome tord
1o sorption znd was 2t Jeast ;z:’.:allv reversitle. Figure & Sorptos of TDCE by PTTE weil casings in the prese
Although this exgeriment did aot give us information ence and absence of salt.
on the kineldcss of desorpuion, the amount of analyte
desorbed afier 1hres days generally paralleled the '
amount sorSed. Hewever, PDC3 and MDC3 werse
sorbed 10 the geatest extent while TCE and TDCE

were desorbed 1o the greaiest extent. Therefore, it may
be that diffusics out of e polymer is more r2pid for
smaller molectie
"Ia the sezend experiment NaCl was added to raise
the chjoride concentration sbove 1000 mg/L. High chlo-
ride concentraticns zre known 10 corrode 304 s‘amless

emae

b h

Conganteation Rplgtiss 1o Candenl
¥

- t 3en
* wg Sure

2]

|
L

Conganhralion Rolglion Jo Corbiod

1 ? (i 1 + , 7 ’ )
steel. Specificaily, tests were performed 10 determine if 750 rey Y=y ) T 1%

VTemg the}

rusting would zlier the sorpuvity of the stainless stesl

surfaces. It is also pessible that sorption on plzsac mate. Figure 9. Sorption of MDC2 by PTTE well csings in the pres-

eace and absence of salt.

rials would chanze with inceasing ionic streagih of the .

test sc]gtiog. i, . o enetration nto the polymer matix. The rate of serp-

_Whuc accitics of Naf: csus."d ."apld "‘ls.‘mg of b?‘h 1g’c:u: was fouad to bepslcw, with 20 estabiished eq'.:i':;";-

stainless steel cae=gs (<24 hr)‘._zt é’:d 3ot cause sorpten rium after huadreds of hours. One explanation for this

of any of the organic sojutes by tem. In addition, the . slow rate was tBat peacrration into the palymer was

incceased ioaic s‘..;::gth Badno .de'.ec:.able 'eﬁ‘cc'. on the g, with the rate coptolled by slow ditfusica

rate of sorptioa by sither plastic casing (for example, within the bulk polymer and/er the rate of peaetraticn

Figures 8 and §). 1 "‘aesi wo ﬁg}ms 2lso demoastrate into the small pores on the polymer surface. If it is

the excellext reproducibiliny of Be sesulis Zo these assumed that this is the case, the process cza be

= Two experimests. kinetically modeled by treating the plastic casing 25 22

= im=iscible lquid phase in coztact witk water and relat-

*. Modeling the Sorption Process ing the degree of partoaing for individual azalytes 10

~ L These orgazic studies clearly demonstzied Bat the their octanalfwater pardten coeffcess (Koo ). While

M= loss of organic chemicals fom solutions expesed to plase there are immiscible liguids other thaz octazol that ae

5T tic casing materials is via some reversible sorption Fro- benter stracrural models for PTFE or PVC, the Ziest

% cess. However, it was uncentain whether this loss was ~ extexsive collection of partitios coefScies s is 2avalabie
. =X=¢ due 1o sorption oa the surface or wheiber there was for oczasol
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élay .
= L. =Xy (A ]+ R {A] (2)
ét

here ! %..] i¢ (3¢ canczatration of solute A in aqueous
<oi"uc“. [. ] is .}ze ¢soceatraticz of solute A in the
piastic s2eing materiak zad Xy and x. ere the frst-order
ra:e esnsznts for sorpuen and desorpticn, ::snc:::ve‘v
Iatessaticn of the rzle equatica resulis in a aon-
lizezr "~a‘.;c::$.’..: for A, 25 a functon of Uime t and
rwg consiznis 3 end 5 (Eguaticn 3), whers 2 and b are
defined i3 Equatens 4zad 5t

Iz (a[al] - %)

=1 (3)

-
a=k =k (2)
b = 10k [A] (5)

whese A, is the initial conceatrziion of sclute A in
zqueous soiution.

QOptimal velues for 2 and b were obtained for cach
solute sxposed t0 PTFZ Ty applicztion of the CGauss-
Newton method of non-linesr curve Siting using the
measured concestrations at 1. &, 24, 72,128, and 1000
hours (Pzrker et al. 1989). Using deiermmined values for
a3 znd Y, the authors simultaneously solved Zguztions
4 znd 3 for 2ach solute 10 OQ!aln estimates of k; and
Ka. Secause the process described s assumed 10 be
sevessinie zad Sost order, the r2to of (Be rate constants,
ky/ka, s the equilibrium consiant, :(.,.

. Whex ihe sight values of X g were plonted vs. Log
Kow $5x of the sight points appearsd to f2ll on a straight
line, wiile the poizts for MONT and ODC3 did not (Fi-
zure 10). Tae poor fit for MNT and the Jack of significant
rsuca for I.\'B and RDX can be explained by the
tenc =cy of nitro-contaizing orgazic aolecules 1o form
streng Rydrogen boads, which kesps them in solution.
While ocizacl
P‘I"‘-‘E camaot Thus, i the authors predict parttjoning
isto PTFE for tese molecules based og their octanol/
water coesSdests, the amount of sorption for these
npes of compounds will be oversstimated.

T3e poor prediction for ODC3 can be explained by
the well-documented “ortho effect,” which is a complcx
cormbinatica of elecironic 2nd steric interactions that
oftes rasuls iz ortho di-substitcted aromatic molecules
Bekavisg much éiersatly than the meta- aad para-iso-
mers. ' ’

A smilar model predicuzg e loss of azalyte for
PVC wzs aot ceated because the percant sorbed was
small whea compared with the experimental ervor and
this wouid 7 oduc. an unacssptable degres of unecer-
taizry in .hc s2lculated rate constacis,
it is concluded tiat for kvdéropbobic

C. --vc Y

" of tewrackicro

22n be a dogner iz hydroge: bonding, -

“Ngrureg 8 t2rrpigtien
t v

ree] ' 43 [ 3]
L ¢ re
Figure 10. Carreiation berween jog Koo and Ko, fOr soiutes
exposed to PTT = casings.

orgzzic mciecules hzt zre zot suljent to Lydrogez
bond... tnerelztionship presenmisd iz Figura 10 canm be
used 10 esumate the eguilitrivm sanitoning of &n zna-
lyte between the agquecus ihzse &3 .TI-".-E. itis

=21 Josses in new '-xc"s wouid oez
87 is achieved,

sese
vilisrium concaatra-

c:.pc:.cd
time unmill eguilivrium Wil e wai
While <“ wiil c:':.......: Leeg
tions of 22¢3 anzlvie i3 e waie
is the magnitude of ky that w1 mize how guickly
various anzlyies zre depleted Fo aJ piz...r mele-
ules like TCZ. the &y \al"-< are guite bigh compered
10 the other ar:alyt.s. Tais may ::‘:12.4 Berzpid | :ccs
thyleze o= solutions csntaizing PIr=
casings o':se:vcd by Miller (1982) znd Reyacids znd
Gillham 08 86)
causetherzieof scr;::: appeatsiode Ssterden,
the r-'ame esnceawzloen (concenirzton atz gves Uize
relative to its initial cnc.::: ten) is ind ::::d"t ef
initial cgncentradon (Castelaal T:
loss at a givea -xpcs'..'r: umeis expecied 10 be indapez-
deat of coacentrauen, 2s was ziso predicied Ty ibe
model of Reynolds aad Gilltam (1686). We d&d a0t
confiom this, however, by seaducing the test at several
conesavayess.
For furker details on the orzazic pordea of this
study, refer to Pasker ot 2l (1585),

-

de

.‘

zad plasde phases, it

Summary and Condusions

I3 summary, e izorganic study indicated tat thres
of the metzis (As, C: and 7t) were sorbed by one or
more of the usz..g materials, SpecScally, Cr was sorbed
by SS 316 casings, As was scrbed by both 304 and 316
stainless si2el casings, and PH was sorbed by zll four
casings. Oz the otber hand, Cd leacted fox e stain-
Jess stee! z2ad PVC wi::gs, alhough sub sorp-
ton lowersd concenadess iz 3¢ samples contzining
stzinjess sizel casx..gs. Wais serp ...c:z of As was slow
eacugh :sat it is prelatly not of coacemz for grouad
water mezitoring, B chaszges = Bs €, Cd and PO
conceatrations are of soncers. Sc S8 304 asd 316 cas-
ings wers subject 10 surt cx...aucn. p‘.sz....ably bty
galvanic acien, whkich apzarendy srovided active sites
for sorpiics and reiease of =zjer a:d miscr coosutu-

L Todt ] Jod
.--.d--o
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eced zs g compianing .:_g::.t. mzkingisadangenromivym
iass arene o serpuca. U :.:::’:zl :':::::;c‘::c:s are used
- [P e~ ‘-,v-\-: »CY mmw - o
2sihe :;;_ citericn. FT o2 8 SR3Ny weR OCh cancieais

for mozitarizg metzl species in gouad waier PVC

would be 3 oooq <c"3'lc ChClC: bezause its ‘.4-..40- pryt-vt

was consicerabiy bener than either 55 304 or §5 316 cas-

X.’:Z.
.

' eantrast, ih2 orgs

aie studies clearly indicated Rat
’TFE. was the poorast choice of iBe four well casing
—z1emizls tesied. PTT= casings sor2ed all the cxloriz-
aiad compouncs aad ane nitrozromaiic compound, zad
losses of ?DC3 aad MDC3 were rzzid en ough 10 B2
of zancea for ground weier =ogitort ..,2. FVC :.s:rgs
27s0 sordad some of Uie szme compounds, Sut aiways
21 rajes 1hzt were considerably slower than & ose
onseved for 7T = czsz..gs. Taerzizs of these Josses on
PVC wers slow encugh Ih?:l they ¢id not zzpezr 10 be
of conecera fer ,ut.nd -31er menitor ‘ng Thers was no
lass of zzy of i3e organic solutes in the zresence of
eitser npe of <S cz.;::

The Gesorption study shewed that the less of
organics ‘rom zquecus solution is due 102 sarpdea
Frocass 'd'zt was reversivie, or at least -ar::znv s0.
Desorpties fremm centzminzted casings c«ulc potentizily
cesult in ‘alsely =igh cancezirztions of anglytes if the
salytes in the ground water wers

conceairztions of the &
10 drop.
—He less of avdrophobic organic constituents in e
=pies c’*ma.::x.‘g PTT = casings could be corralated
:h tse subsiznee’s Koo values. However, this comrela-
Hon cverssimaies lesses for hydrozhilie organic sus-
sizness.
Thers z7e several eZexs that make ex‘:zpolau..g
these lest caia 10 a real menitoring situation difieulu

® Casings were tesied znd not weil screens. The raie
© of sor=tion could bSe subsiaztially greater in the
sceened pordons of the weil because the surface area
of the scressed pontion would be greater
e This experimest was conducted uader siatic coadi-
tdons. The e¥ect of sorpton uader real conditions
would be =itigated 10 some dezree, depending en
the rate of exciange of water berwesa tbe aquifer
and well casing.
Clearly, chocsing one casing matesial for samples
that will be zzalyzed for both trace Jetals and organics
iavolves compromise. However, based on the results of

* the tests that (3¢ authors bave performed to date, PVC

appears 10 he e best compromise chaice of the four
casi“g materials tested.
Futurs studies \vul ex.a-:.ne jeacking of inergazic
and organic solutes, = e of icw Sissolved oxygea
o3 imteractions bctwe:: '.he meals and well casings,

“and the suitability of other matesials for ground water

mogzitorizg.
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averzgeanaie ¢oncanmenens Nthe oooung wa-
e N mm s,
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ter for 4 Sven matenal then 2 Least-Sigmed
Diffgremca (LST) znz Zysis was ?e.‘:c:-..-ed. 3¢k

araivess LaNCVA 2nd LST) weed the 235 com3-
2 A H - . . amaiv -—
Cence level The resdls of ese anaiyvses esizi-

- Lshed wrizh wel czsings c...:::::.:::—c sardodlar
anzivtesic e r's"‘:‘. water cver and z5ove these
onoituted oy ctherwell casings or the conzel fer
the different exposuse periods (Tzble 3). In addi-

P Y .-.

Hon the acueous meral concanTagons that exceed
1% of the ZFA drinking water quzlity level were

id .‘....ed. TAis cvwevel W"-"'g cite=on was
chesen *“""'fs“'c"ccrctm\\ avsestahiishth
nadveleveissresentimBegoundw ae:. Thus, the
comsinudonof metzls Som fewell casings cowd
rangeZcmonecrmoreorderscfmagnitadezsove

«Gme
s wmame

the ‘2C.<€T:‘._‘.C csncenTzsEens.

zivsis of the 1-Cay expesure samitles
shcweé ~zt 2] of the ground-warer-Kiled vessels
co. tziming zize sectons had agueous Sa concen-
Sons hatwerse s:g.-‘-cz:"\' greater than thatof

the com=ci; Sowever, 2l of the values were low
(Table 32). The sulseguent exposuse pe:-'ods do

not foilow this sartern Sut instead estabiished that
S5 316 was the only matesial that consistently
contTouted significant levels of Za to the sclutien
relztve ‘o the other sa:.::le< 2nd the cencels C-"g
la). Theaverzge incease inacueousconcen *'a
for the c-:"" w a‘e: axpe sed 1083316 wasa o"*
70% ccmzzred to the contol After S days of expo-
seoe, ;*---" water In contact with 88 :46 cevel-
oped agueous Sz concentraZens that exceecec 1%
of the drinkin g water qualivy level established by
the ZPA, Nene of the other well casings ‘ested
"roducef acueous Saconcentzfons that exceeded

% of the A drinking water quality citerien or
were signifcandy diferent Zom the centol after
the inizal exposure fesiod.

Cadzmivm

We &id not use ANOVA with Cd since the
majerity of concenetens determined were below
the MDL (ippendix A) After 1 day of exposire,
both grownd-water soludenscontaining S5316 and
rvC ".ac agueous Cd that exceeded 1% of the 224
drinkngw ‘ater guak 2Xiry Jevel

Figure iZ shows L‘.e averzge Cd concentrations
d‘etc—-'- for e control and well casings. It
appeass tha:Cdisinidallyreleased ZemSS3i€and

n

ca C2 +=zm - fae s s
e oo (SAS SNV JST ETVENL RIS
A

.
™ e .o wmay
o e e

‘E\'C:'.C heldz \' XTI, the anal ""‘< ¢onsls-
fE“"V cemonsTated that Sk siainl cg steel well

cast f- e c——-—n..‘e,- <‘¢-.--.--... ~ f-,?“’ ,...?.:..::

~.§- etie o ar W - ~o-—-b~
of C= o t=e groung water th23 the conzal or e
other maemizis lesied (Tatie 35). These meszl well
f Sebonr L

casings, aeng with FVC, inc e=_e: r IonCEnT2

Hors in e §7Sund waier adove 1% of :he A
drimidngwater qualnrlevel (Fig. Te) The extent of
the Cr conrazinaden cezing Fem the FVC was

evalom o -y b

threetoSvedmesjessihan thatcozing Som ke d
304, wiich usualy showed the Righest average
contazinazon fer a given extosre seriod, the ex-
cepen '.e:'g the inizal exTesire period.
The ANCV A and 18T
any ciffersnce Serwesn 8
[

sos f2ited ! to dlstinguish
zterizls for e ’-czv
expesuse Seczuse of e la ge variaden amieng e
the thrae S5 i€ samzles. 33318 isramoved, &t
analysic shows Soth FVCand S5 304 to c...:.-.::::
s:g:.:::c::.:;v grezter cuanztes of Coto he ground
water than do the conzol and FIFS The o....
matesial atshowed a c*“ﬂ ent Tend was SS304
(Fig. 1c), which ceated inceasing concenTatens
of C with e, Tircughout the exsesiment *He.e
was no genifSeant Eifferance for Cr Sesween h

cont ..1 nd the FirZ well casing.

fbm
i

Lead .
Tae Srst e exseosure seiods showed FVC D

leach the createst amount of Pt and !¢ Se signis-

candydilerent Tomthecenmoiand FIr2 The mwo
sha

longest exgesure pericds shewed that S5 304
leached thegreatestameountci Fote grownd .sa*e:'
however, nelevels observed i scluzson for S5 304
werecnly stadsdeally differen t:c::.:.’ﬁe"esx‘cr“'e
0-Cay exzosure pesi oa (Tztle 3c). The average
levels o3tzined for Soth of the st?.:’es= steels and
farPVCeonsistenty exceeded 1 of e ZP A ke
ing water guality standasé (Fig. 1€)

The most distnesSve Tend was the decease in
Pb with inceasing e of expesire for FVC Fig.
1d). Both stainless steel well casings showed d:s;-t
deceases in b leveis after agueous concentmat
maxima were oblained. The PS5 that was "u..a‘.
Teleased was rescrbed by the FVC and stzinless
steel well cz.:gs. .::c::znc-.::‘_"ea—'e_“-'e. t, ther
was nc signiSeant difference sz ..g::.ec::.‘:ci
3l6ané 772
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Figure 1 (cont’d).

Copper

The stadstical analysis distinguished S5 316 2s
theonly matesial thatcontiSuted signiScanty ece
Cu when exposed to ground water than the other
materials tested (Table 3¢). Aqueous concenta-
Hons exceecded 50 ug/L for 5316 versus about 10
1g/L for he other materials and the contzol

Both FTF=Z and FVC well casing showed 2 gen-
er2l bend of deceasing Cu withinceasing ime of

:re and ofien showed concentrations below

the contal (Fig le). This rend, alang withthe lack
of any end with respect to the control, demon-
siTates that these fwo plastc ipes provided the
substrate for sorpden

Assenic, mercury, selemium and silver

The determinadons for As, g Seand Agwere
not statisgeally analyzed beczuse the majosity of
the concentratiors were at or Selcw the established
MDLs. Based on the analysis methods employed,
nene of the well casings consistently contisuted
As, Hgor Agabove 1% cr Se zbove 2% of the Z2A
drinking water quality level

DISCUSSION

Ground water was collected Som a domestc
well syste and stored in sealed 2-L glass bottles



for a::::::;:‘"e’y 24 Rows pricrto being Tans-

ferTed iniz test jars. G.-s*.::.d weler ccl!c-c‘.ec ks
fashjcn is zerzted at the faucet and exposed lo e
exvgen-ich e:\-:c:':e:: every ime he id of e

container isremoved. Handing the ground water
in this manner Siest likely & a:ced he oxicaten

potenctal, ‘aciitadng cxidaton reacdons (Skuz
and Morgzan 1§70). We miade no artempt fo simu-
late the narur2 s‘:m.:.c-u ater redex s‘a‘e or to
qu -.:tz-"e.y assess the chemical equilibria that
excisted during the course of this experiment
Therewas visiblerusten 11 0f 24 secSens of th
zinless steel Diges ("‘a':!e 3). Zach pice seczon
was carefelly exa::*-aea fricr to submersien and
zfter remeval Som the e-ox.:d water, In this ex-
Feriment an d 2 a previous cne (""2\\... 198¢9),
exidzdon en the stzinless steel was ::eoc—"a:"y
found cathewzll Fexidadonis previding sitesfer
sorpTon or relezse mechanisTs, then the Leshl
cut susfaces were mest Ekely net a mzjor fzcter in
the behavier of these mwo materials. Fresh surfaces
n the PVC pipe is nct an experimental arffact
snce FVC well sceen is mace oy slordng the ;:':
Itwas zzpzrent Som the values determined for
e centmol samples that the three 2.1 class bottles
ed 1o Samsoert the ground water had different

- o -
1y

”

4

-

I

Table 4 Physical state of stainless steel

ground water,

concentrzions of acueous Cu (Arpendix 2). The Pt

range of aguecus Cu concenzadons mest lkely
Jecitheresic E‘\CE imecfthegsundwaterin :.".
househoid and well plumbing, Threedistina 2o
watons of Cu concencasion were determined :’c:
the conzcis at the 23% conicence level (X,
§.850.0,n=4; X, =1032022, 0= 5 X = 16. »....0 1
= 3) D:.‘:’e:ences benwveen nc,acmt Dean coacexn-
Sations wers established by testng against the
maximum variance determined for ail of popuia-
=s (e, X, X, and X, X.)
Thegrouss estzbliched : Ty e tree Cupopulz-
:o:-.s were then tested to determine i any of :he
ther metzls found adove s MDL were also sig-
nifcas -"v different. Talle 3 zresents the avesages
and stzndasd eviadons for the metal Soupe ased
cn the Cz populatons for the controls. Cnl vy
shows the same inceasing mean concentzden
t-end as the Cu groupings; hcwe\ er, the averages
for the acjacent Pb gTours were not si;ﬁ. C"'”
¢ifferent at the 95% or even the 50% condcence
level when analyzed in thesame manneras the Ca
po*uﬁa::'c:'.s. This ;.:-.z.l\'@.'s estabiishes thatonly Cu
was signifcandy inf infuenced Ty the s.=:.,ze sreza-
raten ..oc'v":.:'e. Mixing the ground water Tom.
the three colecson bomles wewid have eliminzted P

ipes afler exposure o

Seciion

1 2 3 4 5

534 WR WR — — WR
$5316 = = = - W

7 § 9 10 i1 12
— WR WR IR WR WR WR
- e em em e ==

KZY:  WR = riston wail: IR = rust on edge; dash means no mast.

Table 3. Average metal concentrations for the contols
based on the groups established by the Ca populations

(pg/L)

Pepulations . Cu C Pb As 7] )
g
1 Avg, 9.5 02 0.1 055 52
Std Dev. 00 QM1 - QOO0 Lild o
2 Avg. 103* 0290 03 0.48 £ o
Sd. Dev. 019 a.cz2 LM (1Res} 028 oo
. 3 Avg. 1600 02 03 0.48 X
S5id. Dev. Q0 0.l 0.0:8 0.00 1+ 57

* Sudsdally different at the 99% confidence level
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- ieveiin ":';‘c~\~-.cr selssens. §8318 88374 3330+ S84 Na
ANC PVC 3336 C
e 5338
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The resuits of WRis st et our previcus
t 158¢8) showing Rzt FTr2 is the least
vhereas 3oth PVC and staindess

e bug-
[ -baboy- T

reacSve materialy
stee] well czsings :"'"e..c- aguecus ccn
Sors of metzis in laberate srcm.:\d-wa er sciue
Sens. tsinth iznce zmeng the
stainless steel resicztes was cften e s:-nte<t
'*c:.c"-g smat shis matesial is suscepttieto ¢
C"c. g sancom emer :o:."'. stacies found that cs
316 and FVC leack and scrs Cd; inaddisen, these

bao materizle, 2long With 8 ‘e ~u-‘- soro Y. Sradies
oy the fonere shox..d Se conducied under anodc
condizensto <e-"c:~.ca:cn of the stainless steslis
simpiya ana=factof these experiments. Ycorreden
of stainless steel is absent under reducing condi-
Scrs, then we might expect less random variaten
and less of an indience on the metal anzlvies in
ground-water selusens.

Brststugs vas

Asx...._.arvox .e'es:..':s("a'::]eé)dear"'sncws
thatthe sizinless steals wers the gTeatest scurces of

cout-—.':.a:c'x uncer these ;x:.:er:. ‘al condi-
Scns. When FVC leached metals b, Cr and C3)
that exceeded 1% of the ZPA drinking water qual-
Ny specScations into solud ea, there was alwaysa.
.end showing a decease In concentaticn with

Sme of expeswre. This would saggest hat the
leaching of Fb, C and Cd Zom PVCis a surface
process and is smail Mest Ikely the inicial release
could be decceased Ty more extensive cleaning
before the pipes are used The same statement does
not apyly to ‘the stainless steel well casings. In the
czsa of leached Ca Sc cS 316 and leached Cr

£cmS5304, thecencentat nsof these metzis con-
t:.n':.z_v inceased with tmeover4d c’a}'s. Itis pes-
sible tmat stainless steels could supply these ana-
’y‘es to ;cund waler cveran extended pesiod of

tme, pechaps the ens ife of the casing.

~Ameng he fows h'p s of 'x'e’ casings lested,
TIrzwas the only materiai that &id net leach & Y

’< exz=vned, The other material
; eriment (FVC, S3 504 and 83338
cc::::.::c::-.Sed laborator -waler sa=irles
ty c"r.:-.:'.:::xg anzlytes i interest (2a, Cd, &, 75
and Cu).investigatenswherzonly "‘ac....e‘a'_ are
cf interest shoud use FI-= Seicw he sarirated
zone. FVC wouid e theagzropriate secand chejee
since iis ‘:_"Ix.ence en = setal ‘-a.\"m a;;er-:s TTe-
Gictatle and small In conzast, the hwo staimjess
steel smaterials sncx.,d cezveided.
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APPENDIX A: LEVELS OF CD, 73, CR, 34 AND CU DETZRMINID
IN GRCUND-WATER SOLUTIONS (&7L).

/J\g’

Time .

Five Acpiizste (dsys)  Number O Sh < 32 Cs
Casl 1 1 1 <2* 0.31 0.2 32 5
Cagi’ 2 1 2 <2 a3 a9 3.5 .5

sk 3 1 3 <D 028 021 4.3 -3
Cazd 1 5 ] <D 0.0 0315 5 05
Casd 2 5 5 <D a1 ol s ¢35
Casl 3 5 é <D 0.:1 020 &1 5
Cazd 1 20 7 <2 a.:1 024 &1 141
Cadd 2 ] 5 <D a3l 02 &1 ¢35
= 3 20 9 <2 Qs o licda 3 i8S
Cazd 1 <9 10 <D Q2 2 s el
Caod 2 30 il <2 023 020 37 X
Cd 3 50 2 <D 033 =4 £3 383
it 1 1 1 <D 050 0.19 %3 oS 3
FicE 2 1 2 <2 [l 9:3 &1 €3
FicE 3 1 3 <2 ) Q.18 9 157
Firs 1 L 4 a7 0.59 024 +.9 .1
Firs 2 5 5 <2 032 021 5 &
v ) 3 5 6 <2 0.1 1R 25 %9
Firs 1 29 7 a7z 0.5 021 35 83

es 2 20 L <D 030 Q.15 2 R
FITE 3 20 9 <2 035 8.9 25 <.
7icE 1 <0 1Q <D 31 021 3. 3
Firz 2 40 il <D el 6 5 72
Fics 3 ] 32 <D .39 02 22 43
Fal 1 1 1 Q109 29 1.33 &7 £4
v 2 1 2 a.12s 3.9 1.40 70 €3
rve 3 1 3 a3 i 1.25 &1 8.1
Ve 1 5 4 .73 39 1.35 73 £
Ve 2 -] 5 0.342 233 1.30 €4 32
Ve 3 5 6 109 1.87 G.51 6.1 &4
v 1 20 7 <D Y 130 €4 118
Ve 2 20 8 <D 086 1490 z3 43
Ve 3 20 9 <D o34 a1 &1 4
Ve 1 40 10 <D Q.63 1.c8 &1 43
rvg 2 33 il <D 03 1.3 82 3
ve 3 50 12 <2 C.55 12 3 4.
% 1 1 1 <2 03 122 7 ¢
5554 2 1 2 <D 0s3 1.23 7.0 122
SS 34 -3 1 3 <D ics 235 7.8 21
SS34 1 5 4 <D 135 333 7 ¢S
S35 2 5 5 <D 0.55 21 82 £0 -
S535% 3 5 § <D 24 348 79 18
58354 1 30 7 Q052 c.50 436 7 L
SE5% 2 20 ] <D 2 3.57 75 187
S5 34 3 20 9 <D 4.95 5359 73 186
S5 34 1 $0 i0 <D 257 5.10 &7 £l
£5 304 2 30 11 <D 1.47 iss 64 %4
5354 3 +Q 12 <D 173 573 7.9 159
$5316 1 1 1 229 a.41 1.48 7.0 =
§5316 2 1 2 0209 0.60 129 73 25
£3 3516 3 1 3 0528 1.0 1536 87 =S
55316 1 5 4 enz 0.5 1.8 55 z
£S316 2 5 5 2.530 3 1.6 115 kvt |
$5316 3 s s 0.453 025 1.58 8.6 29
§53516 3 20 7 0328 150 345 123 2
£€5316 2. 20 s 0.376 076 96 %3 &7
$5 316 3 29 ] 0328 073 350 123 &S -
85316 1 40 10 0247 0.67 3.3 11.5 573
£S5 36 2 .4 1 0384 073 1.84 $0 72
&5 336 3 « 12 0209 236 248 3 e
* Lexs than MDL
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docemest (U.S. 22
“Ugtainless sie=] 304 be used for all ground water moxnitor-
ing 3t RCRA sites. The EPA was concarned that maay

Influence of Casing Materials on Trace-Level
Chemicals in Yell Water

by Louise V. Parker, Alen D. Hewin, end Tacmas 7 Jenkins

Abstract

Four weil cagi

a1l smms san os

pot-}
(§S 3¢) a=d IZ (SS 218) — wers exzmined to determin

congitsenis i wal] wgien, -

The inergznic siudy

chromivm |

Txee=t ‘or dow lees of 2%, PTF = well czsings kad no signifl
czsings, cheznges in cﬁc]\‘ﬁ cones
2ad. 1hus. couid Sizs znzlvses of samgies tzken Som wells consruated v~.

.
Rours. =xcsz

<o}"'xc':.

Fer ke other

-
sor>2d Fh

and % zacd laackhed Cd Soth sizinjess s:c-l casing mzierizl

ngs.

mzierials — zehvinyl chlorice (PVC). *ci\‘czrz:’.uc:cczh\ ene (PT72

o
ceir o oy ? — : 0 . e
Te ineir suitztiity fer menilering inergenic and crzanic

used a facorial design 10 test the effact of conzanirziicn of mixed metals (arsenic [As),
1C:l, iezd ?b] znd czémmivm [Cc]), pi, zad or end 7

e
siwratien often exc

The well casings were zlso iesied for sorpticn/desorzticn of 10 ergazic

.

—aamtea el —lvad =
gzmc ::.r:c... Samzie Umes were 0.3. 408, 24,
niffleznt eflect en ‘h:: esncentation of metdls in

22dad } reent iz eight wours or Jass

.

PS znd jeachad Cd: SS 316 casings sorded As zad '-’b znd leached CZ; zng SS 34 »zs:r:gs serhed As, Co,

ik ikese .z:c.‘:zls. Specificzily, PVC czsings
4 ] Qe
wed markadly pocrer perfermance thed the PV Cezs-

subsizncss om ide following classes:

chigrinz1ad 2ikenes, cilorinated zromatics, afircaromatiss 2nd nitrzmizes Sg...:.'c Ummes wers 0,1, &, 24, 2nd 72

e sns

Souss, seven 22y, znd six wesks. Tagre

szimlacs sisel \ac'] casings. Significant less of seme ana

c2sings, alibough Josses were 2lw 2ysmorer pxd with he PTr=

- v ne Lo Some

were 20 deteciabie Josses of 2nalyias iz zny of ke szmpie solutions comizining

Mot =i

Iyvies was obseved ia semple scivtions c...,.z....‘.._ ciesiic

estln

TS casingsihaz wiil r\'C. Chierizaied orgznic .».-S'.c'}C:S

& ay -

v fobortete] s wamid pamre

zoigly. For semples containing PTr = casings, lesses of seme of these ccmpounds wers rzpid ezcug

were jost mest rzzisl

e s

eatey gant

(>i07ezeen iz sighthours)io Re of cancera for ground weler momitoring. Losses of Zydr o,,..o::c organic comsutvent

P e

samizining PTF = casings were correlated with

in S:...-‘ -5 e irddchivbbel

'

[STSTPP

"‘*"pct.ncs oziznoifvater ;27'.:1103 coeldent

Introduction
The U.S. Savironmental Protection Agezcy's
(EFAs) RCRA Cround Water Monitoring Technical
Enfcrezmest Guidancs Documest (T:GD) (U.S.=7A
‘.Séa) siaies that only fucrocerben resins or szinjess
(SS) casings shovld be used for “:onitoring volatle
orgz..:c: i3 (he s2rurated zone. The origizal draft of i
DA 1985) suggesied that Tedoa? or

of the casing materizls used for ground water moxnitor-
izg could eitser zfect the quality of the ground water
or ¢id zot zve i5e Jong-lerm structural charzcterisics
regquired of RCRA ':cmtor.::g wells, With respect 1o
Lhc PAY S5t cozearn, 3 review of the hxe'zn.re sub-
lished ricr 10 1586 cid oot reveal sutstantial evidencs

‘10 suppornt e pesition 1akea by the EPA in either odi-

Uon of this doc..::c::t (Parker et 2L 1989).
Few studies have specScally addressed the possitie

interacdoz 3 berwesa well casing materials and metal

e L 3 P -.~J.qrﬂ ?ﬂr\'.\.:-v.— chatr

be significant (EE:E: iz et al. 1865, Robe* 1948, 3a1-
ley 2and Cardner 1977, znd Masse et el IQS‘) In one
study of PVC well casings, i5ere was gegiigicie less of
czromium Sut large josses of jead Tom a deionized
wzter soludes (\4'..-3:: 1882). Oder sTudiss =ity Pyrex
gizss and po‘ve"'\- ens 2lsg fouzd that Jead was the mest
rz:zcly lest azzivte (Shandrikar et a2l 1976), Zarcaiona
and Helfrick (.986) compared the concez ratons of
several me:l species ia samples tzkea fom adjaceat
PVC, PTFE, 204 SS wells. "‘*cy found incezsed Jevels
of irop ia water samples oz the 203-purged S§ well
10 be the ozly siatisucally significent differsace. In 2
pravious i3 sitw study by Z-Zo'.:gl':xcn and Berger (1984),
3 st“l-czsed '-:-c~’ zzpezred 1o Jeach 3 number of metal
des, including e, cac:_'"—x, chromivm, eoores,
‘..a;.:z iese, mclyddezum, selenium, 2ad zize, when
compared witk 3 PVC well 23d one cozstucied of acy-
lezivlle-budisne-sTese (A.BS)
Sorptos of crzasic solutes by well casing materials
h2s desa rrponted iz several prblicaticzs Miller (1982)
iested PVC well casinz fer seroton of wace Jevels (2-



form. iichicreluerometkane, wickicroe hylene, 111

o %0 ool
- ,---. P !

wickloroathaze, i 2arich]oroetiene, anc tatrachics

e:hviene) in zguesus seiviion &nt faund dow losees of

ietrachicroeiiviene (28-30 parcant i six aseks)
Raymcids and Cillkam (;986) tesied beh FVCan

PTTE maienizisfor serpiion of tracs iavals (zoT) cf Dve

%

halogenzied orgzmics. They feund ragid sorpticn of

tetrachicrosetavisne Ty P:.-.:. siew serpticn of 1.1.1-
123.2.1e1r5c Icroczhznc znd hexa-

irichioroethaze, 1,1.2.241
chloroethzne. and 5o sorpuion of Sromeferm. They dso
found siew serption of zll the znaiyies ->c:;x irichleroe-

thzne vy PVC While 30 ¢ of :he terschicroe-

el se7

ihvilene was <o‘-=d b the PV C 1 Sve we‘}.s. the seme

2mount was sersed by PTr= incxly 2ight hours. They

aiiribuied iose ot ihese o7 ga:.cs ioztsorpticn and davels

oped a mecel whers uptake of e campound procsads

by sorpiicw ~idissolutica into the cehmer sar:ac.. fol-
A

jewed v diffudon into ihe ;o:_':.. mairix cwcvc'
Reynoids end Gilham (198 ) cou JC‘I ahick
organic chemiczis wers most suseey .1cl: IO a:so.,.xcn.
<vk:s 21 2l. (1988) comypzrad sorpticn of several
gznics oy PVC, SS, eand PTr = wel 1 czsings. The casing
mztlerizis were sguilibrzied for seven dz}'s (£ C)iz ena-

vie soluticn. placed in fresh znaiyie sojuden. 2nd thea
tesied .c' jcsses due io sorpicn efisr ene 2ad 24 bours.
Afer 24 Souss ihey did not fad zrny significznt iceses
for zay of the c2sing mzterizls.

While these studies indiczie 12at sordtion of seme
orgznics a2y Se 2 significant problem for plastic casings
over ihe ieng lerm, ovly thc siudy by M:Hcr (1582)
examined desorption during the Irst two weaks. In Bat
study, he o..sc:\ ed some desorptica (25 percant) of the
1ewrackioroeiiyiene 1hat had beax zreviously sorbed by
the PVC czsin

Czsing .—..z’.cr:a.s may zlso Jeacs a varieny of organic
substznces. Iz mxo studies (Miller 1982, Parker and Jenk-
is 1986), znahvtical interferencesizieactates fom PVC
well casings wers sought but neze wers found. Cxman
and Tomsoa (3583) also examined tbe leachates Som
five plasties. including PVCand PT7 = They found that
PTTE Jeached the fewest contarminants and that non-
glued PVC =2s 3 close second. While it is pessiple
organic substancses such 2s lubricanis used during manu-
facure or inks Som printng covid ieacd fom stzinless
or plastic czsings, no information curresuly available in
the htc'a..::.-. confirmns this.

It is interestizg 1o oote hat despite the literature
that is available regarding scrption of organiecs by P17 =,
artcles have receatly beea publisbed that claim it is
superier for sampling organic subsiancss (e.g., Brydea
and Smith 158%).

The purpose of the studies conducied by the authors
w25 1o Cetermine the suitability of four well czsi':g mate-

sials (PVC, PTF=, SS304, and SS3:€) for mexitoring
inorganic zad c.gamc solutes i3 ground waten To do
s, two separate studies were conduciad, one for iner-
ganics and cae for organics.

e

General Comments on :he Inorganic and
Organic ftudies

g ae

Two.ine: .) Glzmerer wel] czgin <
tured specilic
vsed iz 2i] sudies.
ficzlly for iZe sted
room prior 10 use. Preczuiicns wers tzken wiils 1
casings wers Deing cut 10 sravent contamizziien Som
grease, dirt, cil. solvests. 22d excsssive :zncl...z. ine
ground waier used in ke sivdies was coiained fom
demestic weil (249 fast [76m] d2sp) in Weathersieid,
Vermont No 2tiempt was mzde 10 mzinizin e native

t1ma Sam ay. 21

dissalved cxvgen ievel, Asa genera] guideline fer e

avcd s = el

vzting cur rasuils, we consicered any ciange in 2incen-

eom —rala

Pre-Sydiad-Tuld

"y ‘er g:::.': wgier meoniiering wers

—
rt-$3 C:‘J"S were :“J.':.’..'.SC: S;:C

es znd were stored n o2 zzol drv

_-pomy -

ration (relziive 10 the ccniral s‘...,Ics) ef 10 zerzan

erogig e ne aXinieT CZZ.‘.:: 1gjes-

inzn el 2.“:' Sour
abie,

Inorganic Study

Experimental

Mixed met2] soluticns were prezared ':y spiking
ground water with zrsenic (Ag), cadmivm (C2E), cire-
mivm (C:) and lead (PY) 2t two concentrations: 30 an
100 g/l (;;':) for As, Cr,and ?5,z2nd 10 2ad 2 gL
for C4. The higher concentrations are the surrant maxi-
mum urc::-.::auo-z hm::s se1 oy the ZPA for Sridkin
water (U.S. Z7A 198580). Pricriotreztmen
water used in .h.s siucdy was .’.A.zlvz-d and feuzd o
contain no detactzble zmc ';::'s of any of these meizls
at the seasitivity levels used z::a]vs~s. josimuisie 2
wider range of ground water c.,ncmcns. the tesis were
run at the natural pH (7.8) of the well water Zlus a
Jlower £ (5.8) and at twe Jevels of orgenic carten. 2
(reagent grace) was zdded toiower the pH 2nd S gLl
(ppm) of zumic acid was added io raise ihe crianic
carbona cantent. A co,.,._..'.: (2°) faciori ‘:‘;::.'i:.-.:::
was used 10 1251 the effazt of these trezimeants (coneez-
ration of = ,.ds. pH and crgeaic cardon conient)
(Table 1). '

Because the wall thicknesses varied betwesn ihe
plasiic and the two siziniess sieel casings. the sings

TABLE1 .
Matrix Design for Inorganic Study

Test Metal Organic Cardon
Condition Concentrations’ pH Added®
1 high 7.8 ‘20
2 high 7.8 ves
3 high %3 20
4 high 58 . ves
5 Jow 7.8 a0
6 low 7.8 ves
7 low 5.8 ne
8 Jow s3 . yes

upl As. G, 75, and 10 \.;.- ca

' High mea) caneentrations were 0
A Ci

_Low metal concenmirations were 10 upl AL €L P and T up

FataN

Segound
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g
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were sut i different lengits 0 1.".31 ...c

7~ ezcy was consizmt (80 cm). Cut sections were
v wity deicnized waier and air-Cried Defere use. ]
w2l well :zsir:gs were then placsd fa 125w ;-c._,..
ing 100mL of test soluticn: tne ratis
of czsing surfscs area 10 2queous velume was 0.82 ez
=L ¢1m.zr,¢-s 1hat contzined the test solutions withext
-any casings wess used for centrol sa,..,.lcs. Ine samgie
vessels were coversd, siered at 23 C and kept frem
natural !SghLvDupiicatcs were run for each combinziicn
of varizbies 20d each casing material.
Szmple 2liquots (28mL) were izken from esch con-
1ziner zfier 0.5, 4, 8. 24, and 72 hours. The aliquots wers

placed in clean 7830 poI\'elh\Yc"c vials and scidified
t0 2 g of lessihzn | with mivic aC‘d 10 prevent sorz Flcn
by (ke contziners. Metz] concentrations wer 1.».1::/‘

ty graphite furnace atomic abscr:uo-x speciTeseesy
(Paskin-Elmer, mode] 703 cxo.,.:c stsorption s,c-.. c-
chotometer coupled with 2 FE = ode! 2200 hes
grzphite zm.—:.iz:.’) The concentrations of metals given
in this study were measured 2s icizk

The metal concentrztions were normalized by éivid-
ing ihe values obtained for sample solutions that cexa-
1zined well cagings v the vzlues found for eguivilien

ilcwed the resthis for 't :c:: fsmzanira.

ivied Ty 2 singie amalvels of varizace

. ThUs. it wes possitis o gmy :.'.-:c'.'s. est

for the elfect of selvte coneeniration. pH 228 orgznic
sarten i 2zclh sampie time for sach f2sing materizl If
2 casing sxareg no inlluence on znaivie soncanizticn,

the 2 _:::: 3 value wauld e 1.00. An ..‘}C‘-éc a .hc
that ihe well c.s,..g reizased meial in
inthe 'z::'o indicsies that
casing.

.

ue :::ic: 2s
tiea, while 2 decrezse
25 sorSed by the c2

Resuits and Discussions

Arpreximately .,.-.If of 52 siziniess siee]l =sings
shcwed signs of surface rast insome cases (S§ 318 2t
aicw ;:-.). sufficient oxidziica oczurred 10 fomm 2
zyéreous irea cxice ~rc"--::‘: e, Tais gracipiizie was
sever o:sc"vc:i .n the contrel sc.’:;!:s or these with
FVCor 277 ngs. Whaile the 2uthors rezlize ks
rosiingofthecs ..i::Z ecs casings is very cendition-goesiie,
15 test coacitions shouid Se cnc:aly ::-r:s:..:z::'v:
of shzliew weils. Also, it was noticed that ihe =sings
kad rusied some during sorzge prier to zzy tesiing.

Tz3le 2 gves the normz 264 mean values nd siza-
dard deviations for ez2ch znzlyie, well casing end iime.

o..

T =
=
(O

TABLE2 | “ ‘ .

Normalized Mean Metal Values® for Samples as a Function of Time

‘ Arsenic  Cadmium Chromium Lead
Time Mean Standard ~ Mean  Standard Mean  Standard Mean Standard
(hr)  Pipe Vilue Desiation Value Deviation Value Deviation Value Deviztion
05 Qser= 0038 1.01 = 0.025 1= 008 0899 = 009
) :

1.01 =
1.05 =
104 =

0.999 = 0.040
0.997 = 0.057
0.9¢4 = L 0.040

.13 =

162 = 0.045

Pir= 0.9¢3 = 0.ca2 1.03 =
SSX4 0.978 = 0.063 1317 =
§S316 8¢5 = 0.060 124 =

1385 =
T3 =
6=

130 =

1.00 05
100 = 008
0862 = 0057
0.5 = 0.068
0.084
0.084
0.051

136 =
1.03 =
1.12=

. 0‘.“, :
Q.02 =
0.8%4 =

§S316 - 0883 = 0.080 136 =

o 720 PVC 103 = 0046 14z
¢ - ol R 1.02 = 0.045 1‘02 -
0.801 = 0.084 .03 =

0.083 128 =

0.874

- Ss316

0.025
0.0C8
0.c2s

1.0 =
162 =
1._01 =

.01
0.056 101 =
0001 il =

0.007
0.036
0.015

0.013 0.859 0.0
0.031 0874 = £:9
0.037 038 = 0.8
" 0.052 0.8¢3 = 0.077

0.c37
0.044
0.35 0557 =
0.49 0521 =

0037 1 = 0.014 0.853 = 0.035
0036 0585 = 0.0;9  0.585 = 0.032
Qs T0sTEE 06 0.£99 = 0.c31

Q.20

0.8
0.6<0
2
a3

0.804 =

0.8C8 =
g5t =
0<38 =
0.793_ =

Q.10

(=18
!
[ =]
"

0.47
0.016
0.024
037
0.11

§
{

0.55
0.017 1.01
012
" 0.68

09 101 = 0.018 0343 = 0.054
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Figure L Trends in 2ean arsegic conceatration for four well
asing mareriais

I generzl therawas o chznge in zrsenic conmesniraiion
for ihe szmyis seluions ¢ontzining either the PVCor
PTFE casings during the 72-hour test period (Figure 1),
znd no candisient sztern of effecis was evidant rem
1he ANCVA. The rezsen As did notinterset with ihese

ings may Se Secause As exisis in natural watess in
the azionic form (Fowler a1 2l 1675). Masgse 21 21, (1581)
found :hzt znicns o aot strongly zssocizie with plastic
(polyethyless ad PTrE) surfaces, whick are kaown lor,
heir czticn exchznge capacity. Tae samzles containing

the stainless sie2} casings. on the other Zand. shewed a
10 percant dezrezse in aqueous arsenic concastration
relative 10 15e cantrols zfier 24 hours (Figure 1). It
appezrs that there was no funther less of this zxzlyte
afier -4 Sourt. Alihough these resthis cznnet be used
10 predict exactly whal lesses might occur under fel
canditons. it is doubtful that this Jess was rzzid snougd
1o impacy water guzlity measuremests (Jesses wers less
than 10 perceat zfier ¢ight hours). ,

The resulis fer Cd are quite different. After only
four housrs, C2 conceatrations in the samples contzining
PVC and sizinless siee] casings bad incazsed by mere
1hap 10 percent (Figure 2), with the most leacking ocous-
ring in ihe sampies containing the SS 216 casings. Csd-
rjum mzy have bezd added 10 1he PVC 2s a UV stabi-
zer (Wiison 2t 2l 1962), 2ad may bave besa added 10
the sizinjess siz2l 1o enbancs resistance to chloride
cacking (Secricks 1979). The conmcsavation of Cd ia
the samples contzining PVC casings leveled off after
eight hours. ANOVA revezled that pH tad a significent
eHect (at 1he 95 percant confidencs level) for this casing.
Although the same 2mmoust of Cd Jeached in zll the
sarmples (approximately 05 mg/l), cosesstration wes
also significant (a1 the 95 perceat conflidezes level), but
only becsuse reiztvely more was JeacSed I3 the Jow-
coneeatratica sempies. Concentraticns i samples coa-
t2ining SS 304 casings decreased afier eight ows and
after 72 hours Sad rerurned to the same Jevels that were
found o the costol samples. Again, more Cd Jeached

'in e low pH samples. C4 was leached mest r2pidly in
samples contzizing SS 316 casings. There was a large

Concenliotion Helolive 1o Conlral
[9)
o

SATNVIUM

' i ? ! ' | i J

Q 20 ' £0 60 &l
‘ Time (nr)
Figure 2 Treads in mean oadmium concestration for four well
casing msterials .
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Figure 3. Treods in meaa chrominsm conceatration for four
well casing rmaterials, :

ples tbat coptained sizinless steel casings. Wit the
exception of the fArst set of samples (=035 ar), the
relative standard deviatens ranged from 12 10 15 pes-
ceat {or samples coptaining SS 304 and from 47 10
68 percent fcr these containing SS 316. In contrast, the
standard deviatiens for samples containing PVC 2nd

" PTFE casings were consistently below § perceat..

Because the variance in the samples containing SS 216

‘was 5o large, there w2s no consisteat detectable effect

of pH for these casings. However, surface oxidation
appearsd 10 be the major source of this variance. Wila
respect 10 the Jeaching of metal stabilizers from PVC
pipes, the Bterarure indicates that Joss can be 3 surlacs
phenomesca that caz be reduced or eliminated by either
washing (with detsrgest) or sozking in dilute mineral
add before use (Packbam 1971). It 3y be that e loss
of C4 om PVC casings can also be reduced by 3 i=ilar
treatmest, although we did a0t test this possibility.
There w25 5o Deasurabie sorption of chromiva by




' So!mim. Agzin the sizndard .:\.zuc

of inteczciica with the plasic casings mav ce
‘chromivm s;:.'zs:c-: I solutica. chromid
demizzmly as Siciromaie and chromaie (G0 GO )

sessesarts gebre

end. s menticned ;“\10"“\’ a::"::s ire ot as }Ekc’v

10 exchzngs wits ::‘<"c<1.. sces. Heoweveriossof <t

Rznges
ercent zler 2icht Z'.cu:s)

mium was rzpid enough (337 Fersent an g

for SS 316 casing mzierial 10 B2 of cencezrn lor groun
-ziey monitering. Losses were s;. sater alihe Bigher oS
znd may

Cr specizticn s knewn 10 3¢ 2 Vi
be r:s;c"x le for scme of ihese c’i;.::':::::s. Suface

es
oxidatica was zreater at the fower pH. which iikely
contrizuisdiotie lar °c:\ar.ar:ui Als

PRI T

sleswhersz svérous iron exice ::::':ua e wzs :’or.—.:cd.

CO°".‘:C:2'.5.‘C.‘. =ay taveconimituls

.,_‘

ebly ezier "c 15e semples cenizining
el cacin gs. Summic zcids epparently increas
bility of aguacus Con ,cr.‘:a'< sy :zciing es 2 car:‘.;
zgent (<:'.::.-... z=d Morgza 197Cs).
Lezd wae 3y fz7 the mogt actively ser sed mezl spe-
at

e P L 0ed)

ocs. WTile 21l szmpie sojutions cu...a.‘

134

bhed

MIM

2is showed some Joss of PR with ime (Figere £), PTr =
was the least zaive surfacs and “: 204 wzs the mest
zcive. The lcsses for semples conizining PTr = casings
do ot zzpear to Se of conearn with respect 10 ground
‘zier mornitering; losses were only s Fercant efier
24 hours. However Jesses for sz:.-.:]c< coniiining PVC

‘..d su...;.:s casinps are of concern: icsses were 10 pers-

cast zZer cxiy feur hours in ile szmples comtaining

PVC czsz..:s :ad 20 pesceatinthese .on:a;ning siainless
casings. Alhough loss was initiaily rapid in sampies
I8 casings, itleveied off 2fter sight hours.
¢ Zaviziion was higher for the samzies con-
15 casings ihan for ihe other casings. For
s siz2l cagings. there was Jess sorsticn of

conizinia gS<
Tae stznder
izining S8 3
Soih szizle

PY at iae jower ;.—1 whers hydrogen ions may have
cammsersd for serpticn sies. Addad hummic :::a:c..zl 2p-

szrectyiaciedase .....,.}cx... 2gentin solution. making
Jezd less ;:c“ ¢ 1o sorption. Concenraticn hzd no consis-
e2ly, there were ¢hifis in the chemical equi-
5brz of xbc ell water solutions rem 1he time the well
water wzs coileziad unmiil the end of the experiment
Ground water 1321 is removed frem an zacxic exviron-
ment and expesed 10 oxygen-rich zir may undergo redex
2nd precipitatien reacions (Stumm 2nd Morgzn 1970b).

Also, lowering ihe oH shifis the carbonate equilibrium
ia solulicn from predeminanty bicarbonaie spedes
toward carbon dicxide (Manahaa 1972) and causes shifis
in Cr speciatica. Cearly, such changes would alter the
tacs metal species distribution. These pessitle changes
wers not meniicrad in this experiment.

For funser cat2ils on this pertion of the study, refer

to Hewia (.989}.

Organic Qtud’y

Experimental

The four weil casing matesials were ziso tested for
sorptioz/descrption of low levels of i0 organic sub-
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Figure 4 Trends ia meaa lead conceatmation Jor four wed qse
ing materials.

T = rareTy -
irinitre-1.3.5rizzine (2 -_..\), 1.3.3rinirchenzene
= A . =
(TNE), - 2nd trans-1 Z-diczicroathyiane (COCZ x4

AR . — .
TDCZ), m-aiiroteluene (MNT), :::c..]c:c:'.'y;:.-:

(TCZ), cklerobenzane \C.."), zxd ¢, 2 2zd =-

dicklorotznzene (ODCB. FOC3 MDCE). The e
used for seisciing these anzivies included Seing 22 Z7A

- iy

priority z¢i I"'am, molesuler sseure. selusiiity im
water, Koo value, znd retantion Ume (using raversed-
phase ‘"z:.:cr:'or.-.: aceiiguic ::.rc::mc..-_.-.';'}-..-’_C]
ana!ys:<). =PLC zrzlysis of ke g"w.‘

these siuciss revealed ng dziezziie Jevels of zny of

-

these suesizness.
For :hese experiments. 2sing

l4mm-Jong sections, whics wers thea cutinio quanes
Again, the Jength was varizd 50 that (e surfacs are
could e maintzined consizsl The casings were wash
in solutcns of detergent znd c':.c::::::‘. wzier, sin
mazy imes with deionized wzier, <rained zad lef
air dry. Two ;ie"s of e2¢2 'y“ of casing were pizced
in 20mL giass vizls that wers Illed Witk the aguecus
lest solutics so ihers was =0 head spacs, znd c:.::d

th Tedes-lined plastic czpe Vials witd test scivtien
but no well casing mziesial served 25 conwols Thess
controls zllewed vsto eliminzie any :.‘f:':'< suck 2sikese
that might Se duetothe vizlsor caps. Tae rztio of castn
rface zrea to soluticn veivme wes 0.7F a=¥ml Tae

rano of soluticn volume o volume of casing =aterial
was appreximately 101

In the Srst experiment, tBe test seivtca was zTe-
pared by zdding kneown ameunts of eacd of e ¢rgamic
solutes dirscdy 1022 L of weil wateriza glass-sioppered
bortle, which was stirred everzight. The Sx2] concaztz-
ton was 2z prcxx...axc’v.f..-:g.'l.for each ergazic constine-
eat. The solution zlso cezzized #0 mgl of ..‘CI~.
which was added 10 prevest diodegracation of ile
organics. Separate vials wers prepared o7 2acl sz

time 5o wtat the test solutics couid be &

agier -.-SCJ Son

sed

wers cutinto ile

[o]

— ll (
[S 20N & W § N}

Il
[1]

"-
I
.

searded 2

-

sampling, there wers three regiicate sampies for cac
material 2nd time. Centaz tUmes wers Q Sours, <o
bour, eight Bours, 24 Sours, 72 Hours (shras days), 1£8
houss (sevea days), 2ad szzreximately 1000 houss (s
weeks), .

Afer = aliguot was ramoved for anzlvsis fom eait



TABLE 3 _
Normalized®* Average Concentrations of Organic Analytes for the Four Well Casings with Time 2

Analyte Treaiment 1 Hour § Hows 24 HBours ' TZVHou.-s 168 -Iours N 1000 Bours
RDX  PTFE 1.03 1.00 1.00 1.02 0.1 0.9
Ve 1.01 1.00 0.c8 1.00 102 1.00
SS34 0.99 0.99 1.01 1.02 110 0.58
§s336 1.01 Q.99 1.01 1.02 131 1.00
™3 PTFE 101 1.00 1.00 0.58 0.85 101
2VC 1.01 1.00 0.58 1.02 1.01 1.02
$8304 0.99 1.00 1.00 1.08 1.07 1.00
$5316 1.2 0.9 1.01 107 .06 1.02
CIDCE PFIFE 1.01 c.96" a.96 0.94 acie 0.75°
Ve 1.00 0.99 0.85% 0.96 @95 0.59
§5304 0.57 1.00 1.00 0.96 1.04 0.58
, §s316 0.5 0.99 1.00 1.01 s 0.99
TIIDCE  ?PTFE 1.00 0.0z¢ 0.88" 0.83 0.66 056"
PVC 1.00 0.58 0.63" 1.06 0.83 0.83
§8304 0.95° 1.00 1.00 .85 11 1.09
$5316 1.00 0.99 1.00 1.2 1.03 1.00
MNT FTFE 1.03 1.00 ass 09 0.90 0.0 -
PVC 1.02 1.00 0.53 1.65 0.99 084
5304 1.00 1.00 1.01 1.00 1.08 1.07 ~.
$83i6 1.02 1.00 1.2 1.08 1.10 0.99
TCE PTFE 1.00 0.50" 085" 0.8 0.8 0.40
PVE 1.01 0.58 0.04° Q.99 Qgse 0.88* -
SS304 0.6 1.00 1.01 .96 1.04 0.99
§5316 1.00 o089 .10 1.04 0.98 . 1.00
s PTFE 1.01 0.53 0.50" 0.85° e 0s3e
’ PVC - 1.0 0.58 0.95° 0S8 (D 0.56
§S304 ©0.58 1.00 1.00 0.7 105 - 0.99
§S336 0.99 . 0.9 1.01 - 1.0 058 0.99
ODC3  FIFE 101 0.81* 0.58" 0.51° 0.65° 0.3t
PVC 1.02 0.57" 0.04% 0.98 0.53 0.86
SS304 0.98 0.99 1.00 0.99 1.04 1.00
$$316 1.01 0.98° 1.01 1.03 098 1.00
PDC3  FIFE .52 I . o7t 0.54° 047" 024"
PVC 0.95 Q.05 0.5z" 0.7 - 0.88° 0.80°
- S5304 091" 0.8 100 0s8 1.02 1.2
55316 0.54 .57 1.00 1.04 0s7 1.02
MDC3  FTFE 10 0.54% 0.78" 0.66° a:s 026
Ve ‘ 1.02 0.95° 0.52= 097 asst - 0.80° ~
§S504 0.9 0.96* 1.00 0.99 1.62 1.02 o
$S316 1.03 0.96= 1.00 1.04 s 1.01

? Values are deserined by dividing e meas conceatratios of & given anahie 31 3 given time and far'a panicalar wel casing by the meas conesmration
{for 1he samme analvie) of the conmel mmpies takes at the ame ime. = : ‘
* Values Sgzifianty differest fom wogvd valva {a = aLs)




S were I:)s.

were filled witl
~ beadspace, =zpped and zllowed 10 sit for one wesk. An
: ahquox was ‘2kea from each vial and azalyzed. No

(he 10U-nour semoies. the vizls were em
e r

the ;::::s of c2eing wers rinsed with c.‘,.

~u...._ ox freehweil ‘-\cI‘.' oremcve any resicual <oI..zc::
- -

Tzeas. ot ”SI..E "xc 25 aers then

PR

[

<

’iac-" ia mew vizis. and fresh unspike o2 well waier wes

cred with sewcaps ang zillewed

z dz;s. Aliguots wers thes tzken

ieg znd anzivzed to determine if desorp-
tion had ocsurred.

I3 1he sezsnd experiment 1.0 g/l of Na( was 2lso

addcd {0 15e 125t soiution 0 determine the eHes of

increased jcnic srangth on De rates of sorption. Samp-

ling trses wers the sarme axcapt ibat the last sampies

zier a::rcx‘...axcl_v 1200 hours (scvcn

-‘sx] zzzlyticz] dererminations wers mads by
reversed-zhase high performazce hqu:d chromzate-
s:'apz A :oc:!ar svsiem was emploved that cc:s:s:cd

SF $810isocatic pump. 2 Dymales
LC-2~‘1 u csz.-::Jc'\r..“ 3100-zL loopinjecior. a Spec-
trz-Physics $PSe2) variztiew 6\'*1:.._1‘1 LUV detazior set
ar 2l 0 o a Sawijen-Packard 3383 dighal integrater,
znd 3 Linezr model 833 swrip chznt recordern Seperations
were oc‘a:::." cnzlfemxibmm (S pm)LC-i8column

(Supeicc) sivied with 1.8 mL/min of §2/38 (viv) metka-

. nol-watar, Szseiize separziicn was achieved for &l 10

séoe
znalyies. Detacior response wis obizised fom lhe

PE=2 "4

crdom s e e G ede

digital intsgrzior operaiing i3 ihe pezk height =ode.
Anzlytical srecsion "‘z'd rom 0.4 10 3.98 percant, 28

. ——

determized Sy the pocled stzndard deviatien of wripli-

Ve sose

-~ v

cate injtal mezsuremenis
Foreack znzlvie zad sample time, 2 cne-way znalysis

of varizncs (.-\.\C\A) wes performed 10 d:tc...,..,c if
the well casing mzterial 5ad a significant effect on ana-
h\ie conceniziion. Whers significzat diferencas were
fouzd, Duzcazs multipie range test wag pc:’o.....d 10
determine which szmpies wers significantly differen

from 1he cenvcis.

Sefcre 3¢ wo 'xpe....‘:..'.s described previously
were perfermed. a prelimizary jeaching su.d) was coa-
dx.c:..d 10 erermine if any substaness that could inter-
fere with the zzalyiica] determinztions Jeached from the
casing maiesials. For (s study, Tvo pieces of each fype
of weil casing wess placed i each of two vials. The vials
"'-sa weil water so that there wa2s no

deteciable peaks were obsesved in any of the saples.

| Results and Discussion

The ca:a for the fisst experirmest are summarized

in Table 3, where the asormalized concestrations for

solutiozs containing well casings are given 25 a funcdon

© of time. Neither npe of stainless steal casing 2ffected

PR e

. 1he copcszimavions of azy of the azmalytes i3 soluton.

Bowever, signifcant jess of solute did oczur in the solu-

“ tions that costaized plastic casings. While the rate of

loss differsd dramatically fom azalyte 10 analyvte, Josses
were always greater for PTr= than PVC
For RDOX 2ad TND there was no Joss of azalyie

from soludczs coataining eitber plastic casing, evea

2fier 1000 Sours. Thase was seme less of MNT in ihe
samzie solutiens that conmizined PUT T caings Sut ke

1 I 2
ICES CALV 28LETNe s Z’.:.:.‘...Z el

joes); there was mo jees with the PVC zasinge TDCE

A .

wae jost muek mereresdily iz sampiss ceniaining 2T 2

c:’...,.gt thzz was itsiscmer 2ain, COCE (::g-:-’t 2) (Ta=
' -

'l

soiid iines shown in ixis Sgure and Figures §3 wers
Gued manually) Figure 6 siews ihe icsses of TCZ for
the four well casings. Figurs 7 shows the raie of less of
the three DC3 iscmers and CL3 ia e sampies that
contained PTF = casings. T:e arder of Jess was PDC3
and MDC3 > ODC3 > CL3. Whaile the rate of lcss did
aot excead 10 percezt iz eight bours for zzy of the
previous sojutes, it is noted that Jesses of PDC3 2ad
"viDCB were 1§ percest ! ::’z.':t Lours znd thus wers
rapid s2cugh 10 De of cozeer= with respect 0 ground
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TABLE 4
Results of Desorption Study

Concentrstion in me/L afier three davs equilibration

Casing Matedizl RDX TNB CDCEZ  TDCE  MNT TCZ CL3 0DC3 PDRC3  MDC3
Tellea ND  ND 029 0.53 0.078 0.57 03 033 = 030 03
ND ND 021 0.45 0.076 048 058 035 034 035
'\'D .\'3 £} - 0.074 ] - L] ] 2
AU D ND 0.0°3 0.: 0.0+6 0.:¢ 0.10 Q.15 0.i7 0.:8%
N3 ND 0.0s0 0.:4 0.0<6 0.:4 0.10 Q.15 Q.36 22
ND \D 0.050 0.:5 0.043 i3 0.31 0.15 Q.36 029
* Resuly sor presented Secause of scditienal iess of voiatles, srobabiy resulting Zrom 2 loose <3 oa this vial
N©T 2 Not Zetecied
waler mosni . r — : T : |
10 perzent urs fer 2oy ‘ _; | _’
znd 1us i3 zuiicrs Sedeve that PVCis clezrly superior s % ‘ i
10 PTFE for weils whers water samples will Se analyzed N 2a- e -
for orgznic constiiuents. ' P L : |
“Todeiermine fiheless of crganic solutes was revers- H : !
jzle, the piecas of casing 1iat =ad beza exposed 10 test Pt ___I
solution for 1000 Sours were rinsed 2ad thex expesed L 4
to frach weil waies for thres dzvs. Mez2surztie quantities - e \ i
. . S s . t 1 . . )
of zl] ihe crgacics were reccvered wiers dgnificant s ) pr= e —
Tumy (oe)

locses had beas chserved (Tatie <), Taus, Joss was cue
to sorpticn znd was at Jeast parielly reversitie.
Although this experiment did a0t gve us informaticn
on ihe kinedcs of desorpticn, the amoust of anzlyie
desorhed afier ihree davs generally paralleled the
amount sorsed. Hewever, PDC3 and MDC3 were
scrhed 1o ihe reztest extest while TCE and TDCE
were desorbed 10 ihe greaiest extent. Thaerefore, it may
be :hzt diffusics cut of the pelymer is mere rapid for
smaller molecties.

"Ia the sezcnd experiment Na(l was added to raise
the chloride concentratica sbove 1000 mg/L. High chlo-
+ide copcentraticns zre kaown 10 corrode 334 sizinless
stezl. Specificsily, tesis were performed 10 determine if
iing would alier the sorpuivity of the stzinless steel

-
-

4 -
surfaces. Jt is also pessible 1hat sorptica on plastic mate-
rais would chznze with Ipmeasing icnic strengil of e
1est solution.

While additics of NaC caused ragid rusting of both
stainjess stee] casizgs (<24 br), it did Dot cause sorption
of any of the organic solutes by tsex. In additen, the
inceased jonic sivength bad oo deteciable efect on the
rate of sorptioa by sither plastc casing (for examyle,
Figures 8 and §). These two Sgures 2iso demonsirate
1he exceilest reproduckility of We resulls e these
TWO experimmests.

Modeling the Sorption Process

These orgazic studies clearly demorstraied hat the
loss of organic ckemicals Fom soutions expesed 1o plas-
tic casiag materials is via some reversible sorption pro-
cass. However, it was uncenzin whether 1his loss was
due 10 scrptios ¢ the surfacs or whetber there wes

Figure & Sorption of TDCE by PTTE well csicgs in the prese
ence and absesce of salt,
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Figure 9. Sorpdoa of MDC3 by PTTE well csings in Ge pres-
ence and absence of salt

penetration into the polymer mawix. The rate of serp-
ton was found 10 be siew, with 3¢ estaklished equiib-
rium after huadreds of hours. One explanation for this
slow rate was that pesetration into the polymer »2s
occurring, with the rate controlled by slow diffesjon
within the bulk pelymer and/or the rate of pesetztica
into the small pores on the pohymer surface. it is
assumed that this is the case, the process caa be
kinetically modeled by Teating the plastic casing 25 23
immiscible Houid phase iz contact with water aad relat-
ing the degee of pantitonizg for individual azalytes 10
their ocanoliwater parsden coeiSdests (Ko ). Phie
there are immiscible liguids other than ocano] that &2
berter swucrural models for FTr= or VG te miest
extezsive calleczion of panitios eoeSdies s is avadatie
for ocasol
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2m4 is frer ardarin soik Sirecticns. then the raie egua-
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whers [A,] is the concantration of solute A in agueous

Jiss
soivtica. [AL) is 3e cozceaatrzticz of solute A in the
—ztasial zad ky and X zre the Srst-order
rate csasiznis for sorpuen and descrpticn, respectively
Integrzticn of '..‘s szle squatica resulis in a zom-

boe b e WA Y
Bmesr -siztionchis for A, 2s 2 funcdon of Ume t and
E r2 3 znd Dare

Iz (2{As] = 2)
a

=1 (z)

2=ky= X - (2)
b = 10%; 1A,] )

where A, s ihe initia] conceztzion of sclule A ia
zgueous seivtion.

Oztimal values for 2 and b were cbtained for sach
solute sxpcsed 10 PTr= oy zpplieztion of the Causs-
Newiez ...:.hod of aoz- h-:c..r curve Onizg using e
measured soncentrations at L 8§, 24, 72, 128, znd 1000
hours (’zrx:. et 2l. 1989). Lsz 1g d:::....incd vzlues for
a z2ad 9, the autsors simulianzously solved Zguztions
4 znd 3 for 2ac3 soiute 10 ccxax’n estimates of X; and
Xa. Secause the process descrided s assu::ed 10 be
”\'c.'s:::: ar*‘ fest order, the 2o of ibe rate consiants,
k,,’}« s ne :;'.. iforium consiant, XKoo
wten ise : ght values of Xq were plonied vs. Log
-(,,... six of the eight poizts appearsd to {2l on 3 sraight
line, while he ;o:'::' for MNT aad ODC3 éid act (Fi-
gure 10). Tze poor fit for MNT and the lack of significant
sorpuca fer TN3 2nd RDX c2n be explained by the
teadescy of niiro~coataining orgazic :mojecules to form
sireng hvéroges boads, whicd keeps them in soluton.

-.-

(it

While ocizacl c2a be a dozer iz “Vdrogcn Yoz di::g, .

PTF= canzob Thus, i the authors predict partitioning
in1g FT1r= for these molecules uascd on Lbc..: ocizaol

watler coeiScdests, the
npcs of compounds will be oversstimated.

Te poor zrediction for ODC3 can be explained by
the wel‘.—doc' seated “ortho effect,” which is 3 complex
cambizatca of electronic 2nd stesic interactions that
ofiez resuits ia ortho di-substteted aromatic Dolecules
Sekaving much diFfersaly than the =ea. and para-iso-

A smitar model predicizg e less of azalyie for
PVC was act ceated Decause e percent sorbed was
small whea compared with the experimental ervor and
tis weuid ~oduc. an unacesptable degres of uncer-
12i=v 3 "‘: czlculated rate coofianis,

Therefere, it is concluded 1Bat for vdropbobic

amoust of sorptien for these

e
Tres2it e,
sSrruigtien
1

€2
“re .

Figure 10. Correiation berweea jog X.. and X, for toiutes
exposed 1o PTT L casings.

orgzzic meie
bondiz g, "he reizticnship zres
used to estimate :hc eguiliTrivm e
lvte Seiwsen the aguecus zhzse
expecied Lzt Ics<es 0 zew weils wouid
time .:::“'1 eguilizrivm with the waler Is ackieved,
While ~<== ail] Cetermize De sguilitrivm conentrz
tiozs of 22¢3 analvie ! :h: wzier zzd plasuc phases, it
is the magnitude of ky that w3l c’::::-z:::c Sew quickiy
various a:-.z!}‘ 25 zre Segleted. Fer small slzzzr mele-
Ics ke TC=. the Ky v-‘"-< are guite Bigh compared
10 the other z::a!n-s. x..:s mzy exgiain Ge ~°-~d ices
d

of tewwackicroethylese rem sclvtions eonteizing ?Tr=

casings ohserved by Miller (I982) znd Reyacids zad
Cul..a'n (1986). .

szuse the rzie of serpUea aspearsiobe st erder,
the r::zme concsavztieon (:::: szirzdon atz gves tme
relative o its inital concemiradien) it independent of
initial conzentrzdon (Castelzs 1542). Tous, e parcen
Joss ata givea sxpesre dmeis expesiad 1o be izdepan.
deat of cozceatratien, 2s wes ziso predicied Ty e

model of Reyzoids a::d C-iill:z..‘ (1686). We &id 20t
confiom his, however, by sszduciing the tast at several
conceatrzuess.

For Aumber detalls on t3e orzezic poriea of i
study, refer 10 Parker ot all (15€F5).

Summary and Condusions

In summary, heizorgexic study indicatad at thres
of the metzis (As, Cr and 7%) were sorbed ty oze or
more of the czn..g materizis S"c"'"czﬂv Crwas sorbed
by SS 316 casizgs, As was served by Yotk 304 2ad 316
stainless sizel casings, 2nd 75 was sorbed by i four

‘casings. Cn the other ha..d. Cdleacted Zom Se s‘.zin-

Jess steel 2=d PVC casings, ehiheough rubsaguest sorp

Yoz lowersd es F-—'.a::.:"g
stainjess sizs! czs**gs. Wile serptca of As was siow
eaough itat it is prefally e of csncers Yo gouad
water mesitering, =e cha_ges 2e C, Cda=d P
eoneeatrations are of coseerm. Ses §5 304 a..a‘ 316 cas-

- - ‘oa s

.aw....Z.JC.. cas s 6«‘}-4»

ings wers subject 10 surfass exidatien, presumably by
galvanic acom, whick apzzrendy srovided : ‘vc sites

for sarptics 224 reiease ¢f mzjer z::! mizer coosttu-
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fec ane 2ifame md

""g. SO-"C" i=z Ac.'“."-... of me 2 et R SR g 2
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rdedopingas $ Pfobo JiE Gadyd

NOSCme zises "\' ke iy ~g waisl :-.-.‘..
:). Speciiczlly, (hers was

-
&nd Crizniz carmen comifn

L. . —e o i Se louer
Tiorelescing of C4 zac isss sCrpUCy of Phat iz iower

.. b - - < - -

H. Qur recuicg ingiczie that 2um i¢ materizl may tave
i e oo —
e wasd Wwoessimine

was congcarstiy bener 122 either §5 304 or §§ Fid cas-

...2_

.

Tq castrast, ihe orgasic ssudies clesrly indicated 2zt
PTFS was 1he poorast cheice of e four well casing

i -
& 8 4 auw
mzlesizis c<’.:" ?.‘ = casings soroed 2ll the c:..’c....

mate
sied compounds and one nitrozromatic compound. zad
Jesses of ’DC‘ and MDC3 were rzpid en ugh 65

ga3in

f; acsrn for gound wzier Tomitering. I v czsings
2ls0 sorSed some cf ie szrme compouncs, Sut always
considerably slower thzn tkese

a1 raies 1hzt wes
ohsemved for FTTS casings. Taerzizs of these losses on
FVC were <Ic*-' ancuzh that they did not eppezr io Se

of coneer= fer o md wzier meniioring. Thers was 1o
loes of zzy of 13e orgazic soluies ia the presesce of
either npe of SS casing.

The cesorpuion study showed ihat the less of
orgamics from zquecus solutiea is cue 10 2 sorpuen
"oc-rs .‘.21 was reversitie, or at least -zr‘.:az}v so.

sc.,z. a e cantzminzied casings c..ulc Dotextizily
::snlt 'n falsely nigh concenwrziions of anaiyies if the
conceatrziions of the zzalytes in the ground water wers
tc drop.

The less of svdrephcobic orgzanic constituents in the
szmpies containing PTT = casings could be cor'-‘axe:‘.
with ibe sunsznes’s X o vajues. Hewever, this comela-
toa oversstmazies losses for hycroghiiic crganic sus-
sizncss.

Taese zre severzl eXecis (hat mzke extrzpolating
these test ¢zia 10 a real monitoring sitvatien diliculu

o Casings wers tesied and not well scesxs. The rzie
of sorption could be subsiastially greater in the
sceened por.:'cns of the weil becauvse the surface zrea
ox’t ¢ scceezed portion would be greaten

e This experiment was copducted tader siztic condi-
uc::s. The eZect of sorpden under real conditiens
would be =iiigated 10 some d:z::, dependizg en
1he rzie of exciange of waler terwesa the aquifer
and well casizg.

Cearly, chocsing one casing =atesial for samples
that will be znalyzad for both trace =etals and organics
involves compromise. However, based on the results of
the tests that 13e authors bave performed 1o date, PVC

speats to be the best commpromise choics of the four
casing materials tested.

Future studies will examine jeaching of imergzzie

2nd organic soluies, e efext of icw dissolved cxygea

on interaciions betwesn the metals and well casings,

v

“and he nuitability of other matesials for ground water

mo..nor._g.
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STANDARD QPERATING PRCCZIDURES

AUTHOR: STZPHEN DOUGHTY ISSUING UNIT: A33-I5
CHUCX GJODWIY
DAN TWOMEY _ SCP: FIRF-001-02
5C3 3URGER DATS: 12-30-391

REVIZWED BY:

APSPRQVED BI:

TITLE: . Fileld Sc:eeﬁing Anal?sis éf‘Indzganic Comgcunds bywx;:ay
Fluorescence.

SCOPE: These procsduzes describe the preparzation anéd analysis of
envizonmental samples for lnorganic csmpounds using X-ray
fluorescence (XRF). Elements to be analyzed using this
tachnique are project specific and will be selected By
project site chemist priocr to £leld sczeening activitlies.
This method is used vhen quantification of speciilc
inorganic compounds at mid-pazt pex =illien %o pezcent
lavel detection is zequized.
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1.0 RSQUIREMENTS: APPARATUS AND MATZRIALS

INSTIUMENTATICN: TField poztable X3F unlit (enexgy disgezsive),
Units can be equigped wish a nuzle:s o2
radioisctsgic detacs3zs souxces sz dstaction
0f elements aczoss varing spectral ranges.

1. Sample cups

2. Mylaz windovs == ~-- .

3. Sgatulas (plastic or teilon ccated)
4, Grinding agpazatus (moztaz/pestle)
S. Slave

§. Blending apparatus

7. Analytic balance

8. Welghing pans

9. Drying oven

10. Miczro varlable plpet (with tlps)
11. 100ml volumetxzic £lasks

12. Analytical standazds

2.0 CONVENTIONS

Fleld sczeaning activities will follovw ektablished guidelines Zc:

- -

"cadinq standards, logbook entzies, calculations ané guality

assurance/quality contzel. Deviations f£xzom these guidelines will
net be allowved vithout the lssuance or a writzen variance oI
field change request. Logbock entzy(s) detailing the reascn(s)
£or the deviation(s), ané a verhal discussicn with the procject

chenist or qualisied representive.

2.1 CHEMICAL STANDARDS

A.AQUECUS: Agqueous chemical standazds will be puzchased thxsu

gk Sig
Co., Aldrich Chem. Co., VWR, or an eqguivalent sugpliesz.
Note: Stock agueous standaxds aze genezally 10C0Cpga Iin

concantzation and aze AN or IC? ceztiiled.



l[_ A.
|
;]
H" Note:
i Nota:
|

Ncta:
g
|
i

Documentation o2 szandazd Cincenzraclicns (agueous) zhculld S~
R’ acssmpany tae standards, along wish greject logsock encstas T
entailing the £ollsving (niszaation.
l 1. Vender name(s)
2. Csncentzation ¢ standazd(s)
. 3. Dilutlon recoris and calcoulaticns dexivad S=sn stack
standazd(s) and associatad czncenczaticn(s)
'. 4. Lot numberx(s) o standazd(s) .
. 5. Code assigned =3 szandards
ll. 6. Standazd(s) exgpization daca
. B. SCLIDS: Solid rzeferenca s=andards will be puzchased thrsugh
Il. USGS,CaNMET, NBS,8NU or an equivalans sSuggliex. Siza
- and/er matrix sgecific standazds may be used, cnlv
when accompanied by analytical data (aa oz IC2) sugpoxt:
l[_ the slite standards concentration and reproduciblity.

’ 2.2 STANDARDS PREPARATIONS

AQUEQUS: AqQuecus wvorkiag/callbration standazds will be

prerared frzom single or multi-elsment stock .
soluticns purzchased f£rom approved supglier. Wozkince
standards will be precared at concentsations over /1
Che expectad range of contaminatisn en site.

Standazds will be labelegd, caded, and storzaséd in
appropriats containezs. Standazds pracazatien
mataziais will be cla2aned with 20% 5ENO3 2allaved
by three consecutive rinses with Cyze II deicnized wva-
Standazd codes ané summary of standazs
pPregazation vill be entarzad in=qo project the locghock
- Pricr tec analys!s. New working standazds will
alvays be prspazed whenever the quality of the
standard(s) aze in guestion.

Shelf 1lIfe ( aqueous std's)

l.Stock standarzds: 2 yrs.
2.Calibratien standards: 6§ monthas

Aqueous working/calibzation standarzds should be storasd in
level II pre-cleaned, sczew cap plastic betsles oz
Precleaned(#NO3/DI), snap cap volumet=iec lasks (shozt taza
Stozrage). CA? AND TIGHTSN STANDARD EQTTLZS IMMEDIATELY ATTER
USZE.

1-2% of concantzatad HENG3 o= HCL (elament degendant), WILL 3=
ADDED to the vozking/calibzation standaczds durizg intial A
Preparation, for szandazds matsix and c3ncantzation
stabllity. :



2.2 STANDARDS PRIPARATICN (cons.

3. SCLIDs:
1. Buzchased: Rehlend every 4-§ months.
: . 2. Site2 prasparad:
a. Dzy 40-50gzams o sample
. B. Disaggzagate
! : €. Sieve -8Qmesh ..
~d. 3lend: >inr

. e. Split (20-30grzams) ¢33 to lak (Ad/IC2)
b S note: 4 sample min. , 3 lab zuns each.

3.0 CALIZRATION

g‘ ' Prxior to analysis, instrunent ope:éting condltions will be
o .. established and recorded in site logbook.

l ~ Calibration of XRF will be preformed ia twvo stagps.

l. Znexgy Callibration (mié&o-channel/ enexgy alignment

Yy ... (se= manufactuzer's ocezations mazual)

L 2. Standards Calibration: One to thizty standards can be use ts
calibrate the instrument, Calibration can be ccaplataed beifsre ¢

1 aiter the jeb, depending on time res=aints put ferth. Foxzr pra::
puposes a mininmuxm of thzee standards wvill be used £ox instzuxen

. calibration casvering the exgecled zange of csntamination en
I * siten

4.0 QUALITY CONTROL

In addition to instrument calibration, continuing calibration
checks (one per 24 hr peziod), duplicates,and MS/MSD may be
L analyzed. The number QA/QC samples will be deterained and
i established on a si%e specific basis dependent upen projecs
data quality objectives.
Enexgy calibration will be done at the star= g the projecs,
aiter sexvicing, or anytize conditions are in gquesticn.
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$.0 METHOD DETEZCTION LINMIT

Metlhod detactlion liaits will Ze aswa=lished on a annua
extzapolated from aqueocus scandaxzZs at cr neax insczumen
detaction limits. Pratlcal guan=iiicactian lizits vill he
based on data generarad Zzsz the MOL szudy

§.0 SAMPLZ PREPARATION .

A. Aquecus samples
1. Poux out 2-4mls of sample into sanmple cugz

2. Mylar and anlyze (run tize >200sac)

B. Sclid samples
1. Dry samples at @85S degraes cantigrade (>4 hrs.)

2. Grind and/cr sieve samples vith 30-50mesh siave
note: sieving is marda:::y on medlux te csarxse grained
sands and nonraprasan=ative cbjects (i.e legves,
tvigs, and cobbles >1-2z2m in d‘ame*--)

3. Homogenize sample (bland 2- -3ain.)
4. Pouxr ofi l-5grams of sazglz: iats samples cugs, mylar.
5. Run times will be no less than 200 secsands.

6. Slit sample for laberatscw aralysis (i raguized).
p Y <

FXXIMPORTANT NOTZ: AQUEQUS SANSLIS W#ILL QNLY BEZ ANALYZED, IF
' SUFFICIZINT METALS CONTANMINATION IS PR.SLVT.
TYPICAL C~HC-N".ATION LEVELS IN WATEZRS ARES NOT
DETECTASLI 3Y X-21Y FLUORISCINCZT DUE o)
INSTRUMENT DETICTION LINM I”S. PQCJ‘C" CHEMIST
AND TICHNICIAN SHECULD 2=IVI XISTING DATA FROM
SITE BZTCRI MAKING a DECT S;ON.




FIZLD DCCUMENTATION PRCCIDURES

A log of all analytical zuns will be Tecszded {n 3 bgungd

logbook with sequentially numbersd Pages. A secazats loghaok

vill Be maintained for each instzuzent used in the fiald.
The logbeock will be used to recsrd all standazds and sample

analyses, sample IDs, data o3 analysis and any additiocnal

inforzation pazticular o the analysis (e.g. sanple veolume
and veight, csloz, odor). _

Individual sec=icns in the f=zon= of Che logbook will ke
designated for recording informatien en standacis
Preparation, instrument naintenance, and instruzent
cperating conditions. :

DATA REVIEY AND DELIVERABLES

Data from all sample analysis and othexr relevant
informaticn will be zacorded in a dedicated instrument
speciflic logbock. The field operator will Teviev screening
data for acsuracy of centinuing callbration and petantial
matzrix interferences. Data Sumnazy table may be genezatad
as required for each project. Data will undergo pezicdic
technical reviev by the pzoject chemist assigned to the

project.
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METHCE 4822

S5TL SCRTINING FOR DOLYCHLORINATID STPuENVIS 3V TMMUNDASSA

1.0 SCCPE AND APPLICATION

1.1 Metho< 4028 is a praoc-dire For screening sails to detarmine when tsotal
patychlarinated biphenyis (PCEs' ire pgresant at csncsntrations above 5 mg/Kg.
Methad 4023 provides an estimafs fcr th2 conczntrition of PCEs by czaparison with

a standard.

1.2 Usliag the test kit froa which this mathad was
samples c.ntaxnxng g. 5 ppm ar less of PC3s will producs
the S ppm test conr1gurat101.

lcped, 95 % of
ive result in

.3 In cases whers the =2xact concantratios® quired
quantitative techniques {i.e., Methads 8G80/8031 g8

2.0 SUHMARY oF METHOD '
‘for this methad. The

general, the method is
A d an enzyre conjugate

“‘2.1 Test kzts are ccmmersiz 11j V2T
manufacturer’s dirscticns should be followed.
parformed using an axtract of a soil sample.
reagent are addad tc {mmobilized agzibedy. The ze "ccmpetes" with
PCBs present in the samples for b a0 xmmnb111z=d PCB antibody. The
test is interpreted By cemparing theh e sting 3 sample to the

_raspense prcduced by testing stands3 3

3.0 INTERFERENCES

~ 3.1 Chem1c ¢ cczccunds which might be expectad to
be ‘cu"d in siortion were tested to determine the

concantrati .';‘;_ i ¢ test result. These data are shown
in Table 1. :

¥ EnSys, Inc.), or equivalent. Each commercially
X y or sp :‘Fv the apparatus and materials necessary

ag commerciaily availaZla tast kit will supply or specify the
;esary for successful corpiation of the test.
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- gathered with the kit.

structions for tha tast S
2z parforzince {ndisyg¥
8.0 QUALITY CONTROL .

8.1 Follow the manufzcturer’s instructicas f
quality contrel proce:ure specific to tha tast Xits
provided in Chaptar COne should be fallcowed. 5

8.2 Usa of replicate ana:yses, - fro
concentratians near .he acticn level, i« s ‘to refine infcrmation

8.3 Do not use tast kits past their expirati:

8.4 D¢ not use tubes or raak

, 8.5 Use the test kits withig i N torage temgerature and
operating tesmperature limits. P

is ‘ntendzd fars
should acc?

8.5 Mathod £02C
level of gquality - asg
document data quald

£1d or 1aforatory use. The appropriate
fzny the pplicatica of this method to

’v%°cnd4ft°a sing fourtaen standard soils and three soil
tign had bean astablished by Method 8C80. Replicates
sevan tandard scils and on on2 of the sail samples for
rate awendas. Each of two different analysts ran the 23

2y 1 ® that "<" assignments are accurata with aimost §8%

gﬁ pem favel whnilea ">" assignments can be up to about 96%
F=h mp;e concs: tration apcraachas that of the testing level.
5 pem lavel ars 92% and 82% respectively.

4c22-2 : Revision Draft 1
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N o E T B - .
2.4-0ichlsrcohenyt-banzarnecy

i 2.4-0ichlore-l-nashthel

§ifanox

Diesel fuel

Fentichlorchanzane
2,

§-Dichlaorezniline

Hexachloratbenzene

Gasoline

Dichlerafenthion

Tetradifon _

* 2nsys, Inc. pudblication
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. | Scresning et . H Sges fcoresning tast aar
i Sampie (0 ;i Resulzts 1 G0 SesulTe j 415y GI/MS datarminszticn? !
| — e e e e s e e e e e e ]
]
| 148 >30 ‘ 18-34 czom ! no '
! - - - |
{ 203 3-3C | 2G oom | ves
i 182 §5-39 20.4 oo
178 3-39 21.2 pem
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187 -34 32 gom
243 -39 32 pox
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S"'-\NDAR.D OP‘:"ZA G PROC:DUR_.:

Author 'S Dougnry o Issumc Unic AB B-ES
’ R.Burger SQP: -ANIR-OOI-OI
C.Goodwin - DATE: 9/17/9Q
D.Twomey ) Pag= ! of §
TITLE: Infrared Speczouscopy Analysis of Pezvieum Eydrocarions by Fisid

SCOPE:

Screening

'Ihvcf‘fdllbw{ng procedure describes pregaradons and analysis for
petroleum hydrodarboas by infrared speczoscopy. Tais method is

‘adapted from USEPA Methed 418.1, with 2 medified micro exmacdon

for analysis of soils. This field analysis technique is best utlized for
gross characterization of fuels such as JP4, kerosene, No. 2 fuel oil,
and related hydrocarbons. Detecdon limits range from 50 ppm to

' pcrc-u leve.s as total pe"oleun hydrmom.

Aoparams and \rfatcnals

APPARATUS.

| Anzlyszs will be done using a miran Sxed flter infared detsction unit,
"or an equivalent inscument. The inszument should have c:cacmf':s
 for variable wavelength adjustment, a seasidvity acjuscment, rangs

. adjustment, slit adjus:rr:. t and direct m ements in absorbancs units
‘dnd/or pe:c:nt transminance.

- MATERIALS:
¢ 7 cuvettas: lem quar:z cuvenss
LA t’c,sit(mbes: q ’16 X 1c0, screw cap w/ =llon hnc'
13 X 1C0, sezew cap w/ ieflon liners
. testmoe ek a5
o pu:e:tes R 'i‘r‘rxl grade A volumaric

5 ml grads A volumezic

isaph.ch



CONVENTIONS:

. syringes:
L

o reageats:
* standards:

addidonal equipment:

10 mi g2de A volumezic
1-10 ml Tansier type (4)
1-10 ml adjustable pipex= pump

10 mi, 50 ml, 1 mli, (Supeico)

oven (% solid)

aluminum pans (% solids)
analytdcz] balancs (grams to 0.01g)
lab notedook |
Freon 115 (1,1,2- tichloro-1,2,2

rifluorcethane)

sodium sulfate (Na,SO,) anhydrous, ACS
grade

silica ge! (40-140 mesh) (mgeﬁt analyzed)

water (deionized H,0)

" n-hexadecane

(stock sol.) iscaczne

chlorobenzene

To aid in organization, all field scr2ening acdvides will follow szict

QA/QC guidslines for coding standards, logbook entries, calculadens,
and quality conmol. Deviadons from the guidelines outlined in this

‘ﬂ .
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' CHEMICAL
' STANDARDS:

e S‘I‘ANDARD
pR PREP&RATION.

CALIBRATION:

docnmcnt wﬁl aot be allc we:d wxrhout the issuancs of 3 wrinan feid

change request. 3 logtoox enay demiling e r=ason(s) for any

devxauon(s), and a ve'aal 4 scussxon with :he ::rcjec: c ne ms;.

All chemical standards will be purchased through Suceico, Inc., Caem
Servicss, Inc. or an equivalent supplier. All ckemical smndards
preparadon(s) will be logg:d and coded in the project loghook -.G
FIRSTD-001-01. Minimu:a sacies are as .ouows.

a. vendor’s name suoplvmv smnda:ds

- b.  concentraton of stzrdards prepar&

c. calculations performed Zn deriving standard(s) concentradans.

d. lot number of sta.nda.rds

e. code asswned to s@andards (e g. F’ROIOI9IO:OI (FiR-date-
-~ page-which std on pags)

Standards may be pregared from stock soludons (neat) purchased

 through an approved supplier. Working suandards may be made by
diluting neat standards into Frzcn 113. Use the corrmound(s) density to
determine quantty of neat compound to add to solvent. Calibration
-sandards will be made by sezial dilutions of the working sandards.

The calibradon standard concentzdons wiil be de:::zmr..d by the
expeceed chemical concentraticns on sita. Generally, 10,50, 100 3C0,

750 ppm concentatons are apcr‘*pnazc.

o all stoxchmrnecry must bc en:e'ed into logbook as we.l asa
writtan descripdon as to how calioradon concsawadons wers
made.

INITIAL CALIBRATION

Onc. Insqument has been zeroec, one at a nme, pour :o fIil line on

.. uvene some of each of the mhcw_non standards. For sach calioradon

standard racord the % Tansmitt2nics or absorbance Tom the inscument.

If the RSD is less than or equal :5 30% for the calibraden joints, thea

. i

isaph.th
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SAMPLE
EXTRACTION
ANALYZATION:

CALCULATIONS:

DATA REVIEW:

a straight line may e assumed and linear regrsssion used. If the RSD
exceeds 30%, then 2 calibrzdon curve may e plogad.

CONTINUING CALIBRATION

The condnuing ciibradon is a mid-leval smndard that must be analyzed
and recorded befors analyzing samples. If at any dme the continuing

calibradon deviates more than 30% {rom the original caiibradon, the
inidal calibradon smndards must be reanalyzed.

METHOD BLANK

A method blank must be run before analyzing samples. The method
blank should be prepared as a sample and anaiyzed after the instrument
is zeroed.

EXTRACTION (SOIL)

The extracton of soils involves a two-foid process.  First, weigh
2.0g% 0.5 of sample into 2 16 x 100 scraw cap test wbe and record
weight. Add approximately 2 grams of antydrous sodium sulfate (Na,
SO and thoroughly mix to a dry, fres-flowing constdtuency. Then add
10 ml of Freon 113 to sample, cap and vortex for 30 seconds. Next,
decant off solven: into 2 16 x 100 tast wube, add approximately 2 grams
of silica gel, cap, vortax for 30 seconds and cenmifuge.

ANALYSIS

Pour sample exwact in quartz cuveze from (3.1 exzacdon). Place
cuvexe in unit, and read. The value wiil be in conceatraston units,
Multiply the concentration number by the diludon factor; in this case it
is (5) 2 grams of sample into 10 mis of freon). Record value in
logbook.

mg/kg of TPH = (conc. from TR Unit =e/m(10 mi Ereon)
' (sample wt. 2.0g)(cec. % solids) '

All data will be documented in projec: notsbook. The project fleld
chemist will review all notebooks for accuraCy, neamess, and
completeness. Sample data results will be released by the field chemist
to the designated field leader as requestad.

isapn.rh
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£ - STANDARD CZIRATING PRCCICURZ

Author: Frances 4.
Reviewed by:

Approved by:

TITLE:

PURPOSE:

SCOP

PROCEDURE:

Field Screening of Scil and Water Samples feor
VOCs Using Portable Gas Chrcmatograzns

To describe tha procadure fcr GC scraening of
samples in the field for volatile organic
cempounds, in crder to assurs censistency of
technigue betweesn cgperaters.

This prccecu*e is zpplicable to field p*cJecbs
in whicn ~fast, accurate  identificatipn of
uncderground con»am.n@nbs is necessary in order
to make dec~510ns cogce*nlng placeﬂenu cf soil

berings and menitéring,wells in the prccess of

plume definlei on'* This precedure is not
intencadc\o re:‘ace the’tc operator's manuals.

e % K

,4'\ ', s, . '.\ e

N ’
2w / \,
-

vy TR RS . :
Field scree ening fcr volatile organic cempeounds

by'headscac,-féchn'que raqu*res the ope*atcr to

be th c*cug ly familiar with the instruzment used

‘and 4&he careful handling of sanples and

standards. The operator shcoculd have an
understanding of the principles of gas
chrematograzhy, and should read and understand
the oreratcr's manual for the instrument they
are using. A new GC operater should apprantice
with an exgerienced operatcr for cne week of
field analysis befors working independently.
The instrument used sheuld be equipped with a
photoionization detector (PID).
Keeping in mind a few general tips will help
the field GC cperator greatly in terms of
saved time and money. These are listed below.
o Always keep carrier gas flow*ng th*cugh the
’co’umn, even when the GC is net bein ng used.
The flcw rate can ke decreased to cansarve
gas when the instrument is sitting at the
cffice in betwaen field jobs.
o Never heat up the cven without carrier gas
- flow thrcugh the column.
Chance the injection septum at the
eginning of each analysis day. Befcres
cing so, temperarily turn ofif the

vier gas flcw a% the supgly tank, and

-




. o % - Py . < s
allcw the gas to bleed thrzugh tha lins
= 3 “ s 5 - - '
Eefore cgening the injecticn zerzT. Try So

3 - [ 3 - .y b=
aveoid tcuching the injecticn sezta with

bare fingers.

@ Get the Gu DpPlugged intc a gecwer scuxce,
turned cn, and warming uz as sccn  as
vossikle each dzy, as it taxkas scme tin
for the instrument to stabilize.

gpared with deicnizad or
1 VoA vials with t=flen
d standazrds shcould ke

3%
o
o
'
'1

Standards sheul
distilled water i por
septunm cags. The licqui
prepared in 1lzzb :
(lprm) ccncentra

L}

volunme of 30 mls per vi cs s

be added to each vial ¢ d}bsg;. t end cf the
syringe needle talcw %*a-:.W'aEé'f,-ze el and then
injecting the standard = x-Lreu nga the water.
Cap the vial tightly and fREXIEyY ix é:tlng three
times. Once a standard VLarxnas_:_g%fﬁfs;ared,
it should never ke cpened. Szaiviaisder
aqueous standards L-s;de dewn ééﬁgﬁg.:ﬁécare
fresh aqueocus standards each dav“‘ y 4

Each day, after ruling cut systen and ent
¢entamination tn:ough the analysis of ks,
the 10 ppb standard sheuld be run. the axd
vial should ke aIIC"'d to ce=m ta ent
temperatu*a ey ramcving it frca the and
allowing it to sit cut for 10 minuzss ide

down. The stancdard vial should then be shzken
vigorously for cne full minute. Affer shaking,
200 ul of headspace should be withdrawn from
the vial with a clean, 250 ul gastight svrince.
The withdrawn headspaca should immediately ke
injected onto the chrcmatograrhic column. Oncs
all of the peaks have eluted and been
integrated; resgcense facters can be calculated
by dlv*dlng the cc‘c=n raticon of each ccxzpound
by its reportasd ressponse in arsa counis cor
volt-seconds. After aralyzing a clean syringe
blank, the analyst shculd analyze the 100 pzb
shandard in the saxme manner as abecve. IZ the
analyst expects tc enccunter samples with mer

than 100 ppb of the targat compounds, the 1 ppm
standard must :e analyzed,‘at a less sansitve

gain or attenuaticn. All standarid runs shculd

be tabulatad, reporting ‘ccmpcounéds,
retenticn tizss, sncentraticerns, rzssense in
area counts, and respcnss acicrs

4} fac
ticn + arsa counts). An exanmgls

(cencentra



CCMECUND

bBenzene

RT(SECS)

60.2

e U LI s et £ TR RSN

standard repecrting tazla is shcwn Selcw.

CONC. (2PB)  ASZA/V-S) RTCCNC/2ZTA)
’ 10 1.3 7.85
Sanples

All sample analyses must be quantizztad zgainst
the acuecus standard, w“-ch is mada to a tTsz2l
velume of 30 mnmls. If the sa=ples cannct ke
analyzed immediately aftar ceclleczion, than i=
should ke storad cn ice until Jjuss pric: ts
analysis. Samples shculd never e preszarad
ahead of tirxe. ‘

To prepare liquid samgles, the crerater must
reacve enocugh sample so that 30 mls tgkal
volume remains in each 40 ml saxmpls vial., This
can be easily accomplished by usiag a 20 ml
“reference vial", a sealsd 40 ml VCA vial £has
centains 30 mls of watar. The saxzzle vial can
be held beside the refersnce vial, arnd with an

¥

. indelible marker, the 30 =3 water level can be

a m*nlmal anount of ;lma.

‘operator must weigh the soil cn a s

marked on the sanple v*a’* p‘;encve the extr
liguid, oren the 1lid %o’ t-e éé; e vial and

MElick out" some o-lbné S mitd URELY the licuid

P .
level in <the sample v*a_.',‘,:.,sJa.:_f;"“".

Quickly recap the vial Sfﬁf EXI
carried ocut so that the sa::. 5% as’

To prepare soil samples for andiys#el &n

=
has been calibrated, and tared wiih an enm

the
cap and "f11ck out" the excess. Q:;cx1y _aca;
the vial. The vial should centain 20 grams of
soil plus cr minus 0.5 graﬁ If the GC operater
receives a soil sazxple that already contains
less than 30 g., the ana‘yt‘c=’
result must be adjustad to accsunt
dilution. This can be accemplished =y divié

-

30 by the number of grams. cf saxzle, and

multiplying the analytical resu l_ Ly the nuxnker
found. For example, if the sa._ e wa2ighs 26 g.
and +the calculate aralytical rasult fer

tenzene is 12prb, then:



[¥]]

30 £ 26 = 1.15; 12 x 1.15 = l3gch kenzene
Using the 30 ml rafersnce vial as a guide, mark
the 30 ml water level cn the cutside of *%he
soil sample vial. Ogen the lid to the sample
vial and carafully add D.I. water until the
liquid reaches the 30 ml mark. Tightly cap the
sample vial. All of this shculd be carriad cut
so that the sa=mple vial is open for a minimal
ancunt c tine.

The prepared liguid or scil sample shculd be
shaken vigercu sTy for one :u’l minute. If the
sanple contains soil, it must be rlnsed frem
the inside of the septum btefore the sy-;“ce
needle is inserted into the headspace, in

crder to avoid clogging the needle. This can
usually be accomplished by "flicking" the vial
so that 1liquid splashes onto the septun.
Withdéraw 200 ul of heads,ace from the vial with
a <c¢clean 230 uwl gastight syringe, and
immediately inject it ontc the chrematograzhic
colunmn. After injecting the sanple ontc the
colunmn, watch the - beﬁlnnlng of the
chromatographic run for the custcomary injecticon
peak. If cne is not ..sesen, the needle is

probably cleogged and the~samn1e will have to be

rerun.

o cgnbamlna;ed a
smaller veolunme can be &n e_ted Whenever - th
injected sanple volumlg.-s-nﬂess than uhe
injected standard volume, ;ae ca’cu’ated value
of any ccmpeund ssen must be'jglﬁld} ed by the
diluticn fadtor o; the samore?’;brﬂ;§amale, if
200 ul of standard was injecte 5Hd°50 ul of
sanple was ﬁjECued all ana€§:%2al results
from the sample run must be nmultiplied by feour.
All sample analytical results are arrived at by
mult‘nlylng the area count of the compound of
interest Ly the resgonse factor c¢f the
corresy cnd'nc peaX in the standard.

Compounds in samgzle runs shculd be quantitated
against <the ccrrespon ing peak frem the
standard run in which the peak in cuesticn is
closest in size (according to area counts) to
the peak which is ,being quantitated. Whenaver
ncss*b‘e, quantitfions should enly be rezorted
for peaks which ars on sca’e. In the event that
a cguantitaticn nmust ke reported for a geak



Syringe blanks muss 22 —un 2522

which is grsatsr than ull scals, <he wvalua
given must ke latzzlzad "estizate." Samris Tuns
must always be cuanmzizactszss againmsgs a étariard
which ran at the sazms gain ¢r at=znuaticn as
the sanmple. All saxmzle armalvsis results should
be rezorted in takls Zsr=.

Infermation reperted shculd includs the date,
time, <chromatograzhis conditicns such  as
temperature, gain c¢r atisnuaticn, flow rate,
the ratenticn times and arsza czunts -¢f an
reperted conmzeunds, and whizh standard run thae
sample was guantitatsd agzinst.

B2efore any analysis can == déecn
shcould ke checked fcr conzzzinat
a column blank. This is &c
a2 chreomatcegrazghic run W
injection.

Eefore any syrings czn ka2 used, it sheuld ke
checked for contaninants Dy Swnni i
blank. This is dcns
the gastight syrince s
-

air and then making an inXecis
cnto the cglunmn.

To rule ocut cecntamin
used fer diluticns,
run. This is céene =
30 ml mark with rea
shaking wvigercusly
veluze of headsrcac
gastight syringe an

m

(1) X
w

rawdZ

All direct injecticns =us:t ke made with
gastight syringes. The svringe used shculd ke
selected so that =easurszsnts are nct being
macde in the %cz cr =szicm 20% of the
graduations. For exa=glas nct use a2 100 ul
syringe to mads an insect! £ less than 20 ul
er mers than 80 ul.

I8

w

and after all sax=g
¥henever pessible, ¢
beiore centanminatsd sasgslss.
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1.0 TITLE:

2.0 PURPOSE:

3.0 SCOPE:

4.0 REQUIREMENTS:

4.1 Knowledge
of Instrument

Gas Chromatographic (GCj Analytical Column Installation

The purpose of this document is to provide the GC
analyst specific procedures for analytical column
installation. This document will ensure consistency of
column installation between analysts and therefore
standardize the quality of sample screening data using
the GC.

The column installation procedures described in this
document will be followed by ail Navy CLEAN GC analysts
performing soil and water screening analyses that require
the use of a GC equipped with either a packed or a
capillary column. Installaticn procedures apply oniy to
the HNU Systems Model 311 Portable Gas
Chromatograph.

A working knowledge of the HNU Systems Model 311 GC
is required prior to the installation of any
chromatographic column.
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4.2 Column
Specifications

5.0 EQUIPMENT:

6.0 PROCEDURE:

6.1 Packed Column
Installation

Accurate identification of individual chemical compounds
in a sample requires the GC analyst understand the
specific column type, length, inside diameter (ID), and
internal phase or packing material required for particular
types of analyses.

Appropriate analytical column; packed or capillary.
Ferrules, nuts, and column fittings.

GC kit, including wrenches and column cutting tool
(necessary to install a capillary column).

To install a packed column in the HNU Systems Model
311 GC:

1. Turn the GC power switch off and unpiug the
instrument. Turn off the carrier gas flow. Allow the
carrier gas pressure gauge to fall to zero to insure there
is no pressure in the system. Allow unit to cool
completely.

2. Open the column oven lid. If there is a column in
place, remove it by loosening the ferrules holding the
column in place. Simply pull out the column.

3. If no column has been installed in the unit, insure the
unit is fitted with 1/8-inch injector and detector column
adapters. Refer to Attachment I.

4. Slide the dead volume reducer into the column
detector inlet as illustrated in Attachment |.

ABB Environmental Sefvices, Inc.
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6.2 Capillary
Column Installation
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5. Locate the short 1/8-inch column adaptor and feed it
into the detector until it stops, then lower it approximately
1/16-inch so that it doces not touch the dead volume
reducer in front ot it. Tighten the 1/4-inch nut slightly
tighter than finger tight. DO NOT OVERTIGHTEN.

6. Install the nuts and ferrules onto the column.

7. Slide the long end of the column into the injector inlet
until it stops. Lower the end of the column approximately
1/8-inch so that it does not touch the column adaptor in
front of it. Tighten the 1/8-inch nuts as above. DO NOT
OVERTIGHTEN.

8. Slide the short end of the column into the detector
infet until it stops. Tighten the 1/8-inch nuts as above, °

. then with a wrench. DO NOT OVERTIGHTEN, as the

flanges may be distorted and the resulting seal may leak.

NOTE: For 1/4-inch packed columns, the use of an
adaptor is not necessary. Connect the column directly to
the 1/4-inch fitting on the injection port and detector inlet.

The trimming of the ends of a new capillary column is an
important factor in achieving good separation and a high
quality chromatogram. The ends should be square, flat,
and without any fractures. Cut the column ends with the

~cutting tool provided with the column, always after the

ferrules have been positioned. With the cutting tool, it is
possible to achieve a clean, flat surface at the column
ends. Proceed as follows:

1. Use the sharp edge of the silicon wafer cutting tool.

Revision 1, 10/30/92
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2. Holding the tool at an angle about 45° to the axis of
the column, make a scratch on the surface of the column.
It is possible to feel when the mark has been made
successfully.

3. Hold the capillary on either side of the mark and
gently pull both sides while bending slightly at the same
time. The column will then break.

During column installation avoid stressing it by making
small radius bends. These tend to make the column
mare brittle. Use proper ferrules when making
connections to the column.

To instail a capillary column in the GC:

1. Turn the GC power switch oft and unplug the unit.
Turn oft the carrier gas flow. Allow the carrier gas
pressure gauge to fall to zero to insure there is no
pressure in the system. Allow unit to cool completely.

2. Open the column oven lid. If there is a column in
place, remave it by loosening the ferrules holding the
column in place. Simply pull out the column.

3. If no column has been installed in the unit, insure the
unit is fitted with the proper injector and detector column
adapters. Refer to Attachment Il

4. Use the same nut and ferrule arrangement as is used
to secure the packed column. Slide the nut and ferrule
over the adaptor and insert it into the injector. Tighten
the securing nut; DO NOT OVERTIGHTEN.

ABB Environmental Services, Inc.
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6.3 Capillary Column
Conditioning

5. Slide the end of the column into the adaptor until it
stops, a distance of about 8.5 ¢cm. The column end
should slide easily. If any obstructions are feit, or it the
column resists, remove the injector liner to check for
blockage. It is possible that a small piece of the column
may obstruct the injector adapter.

6. Pull the column back very slightly, and secure the
column by tightening the nut. Again, do not overtighten.

7. Repeat the above step to secure the detector end of
the column.

New columns and columns that have not been recently
used must be conditioned prior to use. Column
conditioning procedures depend on the column packing,
and should be conditioned according to the instructions
shipped with the column. Most columns are conditioned
as foilows.

Proper column conditioning:

f
1. Connect the column to the injector only. DO NOT
connect the column to the detector.

2. Turn on the carrier gas flow, and set the flow rate
through the column. Normal packed column operation
requires a flow rate of approximately 20-40 mi/min,
capillary columns require approximately 10-20 ml/min.

CAUTION: MAKE SURE THERE IS FLOW THROUGH THE
COLUMN BEFORE HEATING THE OVEN!

3. Turn on the GC power switch.
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7.0 REFERENCES:

8.0 ATTACHMENTS:

9.0 GLOSSARY:

4. Turn the detector(s) off at the switch.

5. Set the temperatures of the oven and the
injector/detector block to those required for the column
being used. The injector/detector temperature should be
10-20°C higher than the column oven.

HNU Systems. Inc. Model 311 Portable GC Operator’s
Manual Version 1.1; 1992.

HNU Systems, Inc. Electron Capture Detector Operator’s
Guide; 1991.

SUPELCO, 1991, Column_Selection for Gas and
Hydrocarbon Analysis, GC Bulletin 786C.

SUPELCO, 1991, SP™.1700 GC Column Provides
Reproducible Hydrocarbon Anaiyses, GC Bulletin 8028.

Attachment | - Packed Column Installation
Attachment Il - Capillary Column Installation

dead volume reducer: An adapter used when installing a
packed column to reduce the amount of dead volume
created as the injection passes through the column to the
detector.

ferrules: Stainless steel or graphite column attachments
installed above a nut to ensure proper column fit.

injector: The port in which a sample is introduced into
the column.
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internal phase: The coating, either bonded or non-
bonded, polar or non-polar, inside a capillary column that
determines the amount of time a sample component is
held in the column before passing through the detector.
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