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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 environmmental 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 NTC, 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

NTC_Orl.POP
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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 Division, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM),
U.S. Environmental Protection Agency (USEPA) Region IV Environmental Compliance
Branch Standard Operating Procedures and Quality Assurance Manual (ECBSOPQAM)
(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 Monitoring. The
guidance was designed to eliminate the necessity for preparation of multiple,
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 out-of-control
situations, and audits;

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

. generated data are validated and their wuse in calculations is
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,

. soill gas sampling,

. surface water and sediment sampling,

. surface soil sampling,

. unexploded ordnance clearance surveying,

. water level measurement and aquifer testing,

. TerraProbe™ (direct push) soil sampling,

. field gas chromatograph (GC) and immunoassay analyses,
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. geotechnical laboratory testing,

. 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);

. semivolatile organic compounds (SVOCs);

. total petroleum hydrocarbons (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
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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 occur 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" is 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 Area "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.GC. 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. In 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
Air Base to the north. Prior to construction of the new airport, the property
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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 IT, 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,
1994b) .

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
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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 NTGC, Orlando are
classified by the State of Florida as Class I1III 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 Ammex. 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 Hydrogeology

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 Amnexes 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. In 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.

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 [BOCC], 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 lies 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 1is 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).

l1l.4.4.1 NTC, Orlando Land Use The Main Base occupies approximately 1,095 acres
within the Orlando 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 personnel in the nuclear
engineering program. Land use at the Main Base 1s 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 Annex. 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 golf course at the Annex is used by
approximately 2,500 to 3,000 people per month (ABB-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 S4-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
occurring 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 NTGC, 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 cinereoargenteus) 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), mnorthern 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 Iudovicianus), northern cardinal, and
common yellowthroat (Geothlypis trichas), as well as waterfowl such as the
mallard duck (Anas platyrhynchos).

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 Cc2 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 environmental 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. 1In 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 Installation Restoration Program Sites

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

Expected Waste Types

Estimated
Quantities

Current Use

1AS Period of
Site No. POl Name Operation
1 North Grinder 1958 to 1967
Landfill
2 Filled WWTP 1977 to 1978
Lagoons
3 McCoy Annex 1960 to 1978
Landfill
4 Disposal Area 1968 to 1969

Near the Main
Base Magazine

No. 123

5 Old Laundry ? to 1972
Boiler Building

6 McCoy Annex 1984 to
DRMO present

Film, photographic chem-
icals, paint thinner,
perchloroethene still bot-
toms, garbage from mess
halls, cardboard boxes,
biological wastes (syring-
es from hospital), paper,
plastic, tree limbs, and
construction materials.

WWTP sludge, tree limbs,
yard wastes, dirt, sand,
asphalt, demolished
building debris, and
stainless-steel mixing
tank.

Paint, paint thinner,
asbestos, transformers
{(possibly with transformer
oil containing PCBs),
hospital wastes (syringes,
dressings, blood, and
urine), radioactive waste,
automobile 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.

Yard wastes (tree limbs
and grass clippings).

Asbestos containing ma-
terials.

Used motor oil, anti-
freeze, hydraulic fluid
(containing PCBs), and
Soilax Liquid 'S’ Plus
Multipurpose Cleaner
(containing NaOH and 2-
butoxy ethanol).

194,000 cubic
yards of waste,
one-third of which
was removed
during dormitory
construction,

Unknown

>1,000,000 cubic
yards of waste

Site was a pit 30
feet in diameter
and 8 or 9 feet
deep.

Unknown

1,000-4,000 gal-
lons estimated to

have been spilled.

Training opera-
tions, administra-
tive functions,
and housing.

None

Golf course

None

Demolished in
1979; building
was used to
house boilers for
the laboratory.

Drum and trans-
former storage.

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
Sitlf?\lo. POl Name g:!:ﬁigl Expected Waste Types SSJ;T:::;:‘ Current Use
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, anticoagulant, 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, endothall, 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 2089 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
WWTP nitrate, arsenic, and zinc
Source:  Hazard Ranking System Il (ABB-ES, 1992) and Initial Assessment Study (IAS) (C.C. Johnson, 1985).
Notes: WWTP = wastewater treatment plant.
PCBs = polychlorinated biphenyls.
DRMO = Defense Reutilization and Marketing Office.
NaOH = sodium hydroxide.
2,4-D = 2,4-Dichlorophenoxyacetic acid.
POI = 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 NTGC, 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 "G". 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 performed 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 (ABRB-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 1989. 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 involved 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 Tnstallation-Wide Source Discovery 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 illicit (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 potential
remedial actions at these POIs will be conducted in accordance with 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 ORGANIZATION 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 (BRAC) 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 NTC, Orlando’s real property. This
responsibility includes acting as the liaison and coordinator with appropriate
NIC, 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 (EIC) 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 BRAG
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. Mamning 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 1s 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.

(L) 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 wvolatiles) 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, 1991c¢).

Level T11, 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 TIII field methods, decontamination procedures, and sampling
equipment construction materials are as specified in the USEPA ECBSOPQAM
(USEPA, 1991c). C(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 IIT or lower for those incompatible analytes, even if
DQO Level IV analytical procedures are used.

Level TIII 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 SS/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 NTGC, Orlando and the
associated DQO level. The tasks performed for each POI will be specified in the
task-specific workplans.

. Air Quality Monitoring, Level 1I: 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 1 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 volatiles 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 Level 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
and analyzed 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 III 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 III DQOs.

. Remedial Monitoring and Confirmatory Sampling, Level IV: 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, IIT, 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/QGC) 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.

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

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

RPD=—X1=X2] 100 ' (1)
(X1+x2)/2
where
RPD = relative percent difference between duplicate results,
X1l and X2 = results of duplicate analyses, and
|%1 - X2| = absolute difference between duplicates X1 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 validation 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 analysis.

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 =(§%£)}{100 (2)

where
X = measured amount in sample after spiking,
B = background amount in sample, and
T amount of spike added.

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

NTG_Orl.POP
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existing at each POI. 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 wvalid 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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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 4
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 = soil 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.

NTC_Orl.POP
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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 0l; 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 CONTAINERS. 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 volatiles, 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, Orlando, Orlando, Florida

glass

. Holding Time (from . . Minimum
Parameter Matrix time of collection) Container Preservative Sample Size'
Volatile organic aromatics ~ Water 14 days Two 40 ml vials 4 drops concen- 40 ml
with Teflon™-lined trated HCI, 4 °C
caps
Soil 14 days Glass with Teflon™- 4 °C 109
lined septum
Volatile organic Water 14 days Two 40 ml vials 4 drops concen- 40 ml
halogenated with Teflon™-lined trated HCI, 4 °C
compounds 4 °C caps
Soil 14 days Glass with Teflon™- 4 °C 109
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 509
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 ml
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,SO,
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 £ borosilicate 4 °C 1,000 ml
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 £ borosilicate Adjust pH to 6.0- 100 g
30 days analysis glass 8.0 with 1:1
H,S0, or NaOH,
4°C
Metals {other than chro- Water 180 days Polyethylene or HNO, to pH <22 100 ml
mium VI and mercury) glass
Soil 180 days Polyethylene or 4 °C 109

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
. Holding Time (from . . Minimum
Parameter Matrix time of collection) Container Preservative Sample Size’
Chromium VI Water 24 hours Polyethylene or 4 °C 100 ml
glass
Soil 24 hours Polyethylene or 4 °C 10g
glass
Mercury Water 28 days Polyethylene or HNQO, 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
glass 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 ml
40 days analysis
Soil/waste 14 days extraction Core tube 4°C 509
40 days analysis
Petroleum hydrocarbons Water 14 days Two 40 ml vials 4 °C, HCl to pH 40 ml
as gasoline with Teflon™ liners <2
Soil/waste 14 days Core tube 4°C 50 g
Petroleum Water 14 days extraction Glass 4 °C 500 ml
hydrocarbons as diesel 40 days analytical
Soil/waste 14 days extraction Core tube 4°C 509
40 days analytical
Total Petroleum Water 28 days Glass 4 °C, HCl to pH 1,000 ml
hydrocarbons (TPH) <2
Soil 28 days Glass jar with Tef- 4°C 509
lon™ liner or core
tube
Oil and grease Water 28 days Glass bottle Adjust pH to 1,000 ml
<2.0 with H,S0,,
4°C
Soil 28 days Glass jar with Tef- 4 °C 509
lon™ liner
Residue, settable Water 48 hours Polyethylene or 4 °C 1,000 ml
glass bottle
Residue, all others (TSS, Water 7 days Polyethylene or 4 °C 500 ml
VSS, TDS) glass bottle
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

. Holding Time (from . . Minimum
Parameter Matrix time of collection) Container Preservative Sample Size'
Biochemical oxygen Water 48 hours Polyethylene or 4°C 1,000 ml
demand glass bottle
Chemical oxygen Water 28 days Polyethylene or Adjust pH to 1,000 ml
demand glass bottle <2.0 with H,S0,,
4 °C
Metals (ICP) Water 6 months Polyethylene HNO, to pH <2 100 ml
Soil 6 months Core tube or glass 4 °C 10g
jar
Arsenic (GFAA) Water 6 months Polyethylene HNQ; to pH <2 100 ml
Soil/waste 6 months Core tube or glass 4 °C 109
jar
Mercury (CVAA) Water 28 days Polyethylene HNOQ, to pH <2 100 ml
Soil/waste 28 days Core tube or glass 4°C 10g
jar
Selenium (GFAA) Water 6 months Polyethylene HNO; to pH <2 100 ml
Soil/waste 6 months Core tube or glass 4 °C 10g
jar
Thallium (GFAA) Water 6 months Polyethylene HNO, to pH <2 1001
Soil/waste 6 months Core tube or glass 4°C 10g
jar
Lead (GFAA) Water 6 months Polyethylene HNO; to pH <2 100 mi
Soil/waste 6 months Core tube or glass 4 °C 10g
jar
Chromium (V1) Water 24 hours Polyethylene 4 °C 100 ml
Soil/waste 24 hours Core tube or glass 4°C 10g
jar
Cyanide Water 14 days Polyethylene or 0.6 g ascorbic 100 m!
glass acid, NaOH to
pH =12, 4 °C
Soil/waste 14 days Polyethylene or 4 °C 1049
glass bottle
Coliform, fecal and totai Water 6 hours Polyethylene or 0.08% Na,S,0, 500 m!
glass bottle 4 °C
Fecal streptococci Water 6 hours Polyethylene or 0.08% Na,S,0, 500 ml

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, Orlando, 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 ml
Kjeldahi glass bottle <2.0 with H,S0O,,
4°C
Nitrate Water 48 hours Polyethylene or 4 °C 125 ml
glass bottle
Nitrate + nitrite Water 28 days Polyethylene or Adjust pH to 125 ml
glass bottle <2.0 with H,S0,
Phosphorus, total Water 28 days Polyethylene or Adjust pH to 125 ml
glass bottle <2.0 with H,S0O,
Sulfate Water 28 days Polyethylene or 4 °C 125 ml
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 <20
Total organic Soil 28 days Polyethylene or Adjust pH to 10g
carbon glass bottle <2.0
4 °C
Total organic Water 28 days Glass with Teflon™-  Adjust pH to 40 ml
halogens lined cap <2.0
4°C

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

Notes: ml = milliliter. Na,S,0; = sodium thiosulfate.
HCI = hydrochloric acid. NaOH = sodium hydroxide.
°C = degrees Celsius H,SO, = sulfuric acid.
g = gram. TSS = total suspended solids.
2 = liter. VSS = visible suspended solids.
HNO; = nitric acid. TDS = total dissolved solids.
NTC_Orl.POP
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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.

Tap 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 (upg/f) 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 TIn-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 Organics 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.

NTC_Orl.POP
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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).
Air 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.

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
MVL.07.94

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 the 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 foil-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 Sampling Equipment 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 Tlarge 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.

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.

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.

1. 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 (UX0) clearance
surveys will be conducted by a qualified UXO consultant or Navy explosive
ordnance disposal (EOD) personnel to determine the location of UXO 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 visual search and
clearance of the designated areas. Hazardous UXO items visually located by the
sweep team will be marked with stakes. Removal of hazardous UX0O items will be
conducted by either the UXO consultant or EOD installation personnel. Hazardous
UX0 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. If 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 Magnetometry Magnetometers can be used to 1locate buried steel
containers, define boundaries of pits or trenches filled with ferrous debris, and
locate ferrous underground utility 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
recording simultaneously both the quadrature-phase and in-phase components of the
induced magnetic field. The quadrature-phase component gives the ground
conductivity value in millimhos 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 wvalues 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
is proportional to the thickness, D, of the overlying layer.

Depth calculations are made using standard critical distance formulae of the form

2 2 2 2
b Ko [Var Vo o Va/Va Vi - VVRLVE (3)
: Vo™V p
2N VaaVn Vi Vaa-Vz

2 2 2
. . b Vo Ve-V2, - ValVEa-V,,
o
2 2
Vo Vo - V2

where D, is the thickness of the nth layer, x,.,;, and is the critical distance for
the deepest refractor, designated as the n+l layer of seismic velocity value
Vﬂ-

There are several limitations, discussed below, of seismic refraction 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 example, 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.

Layer 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 overlying 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 refraction.

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 underlying 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

NTC_Orl.POP
MVL.07.94 4-20



Chapter No.__4 Revision No.__ 0

FR— —

Date July 13, 1994 , Page 21 of 70

1o0f2
Point of Interest:
Well/Boring Date Time End —
Coordinates Grid Element
SKETCH MAP OF TEST PIT SITE
Crew Members:
A
1.
2.
N 3
4.
5.
@9 .
Monitor Equipment:
Pl Meter Y N
SCALE 1" = FT. Explosive Gas Y N
Avail. Oxygen Y N
NOTES: OVA Y N
Other
Photographs, Roll
Exposure
FIGURE 4-1 PROJECT OPERATIONS PLAN
EXAMPLE TEST PIT RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 940321WEM

NTC_Orl.POP
MVL.07.94 4-21



Chapter No._4 , Revision No._0
Date July 13, 1994 , Page 22 of 70

Profile Along Test Pit:

TEST PIT RECORD

20f2

Point of Interest:

SKETCH MAP OF TEST PIT PROFILE

SCALE 1° = FT.
DEPTH (FT).

NOTES:

no. | Int. Ser. No.
{Ft)

Depth HD. SP, VOA

PPM

S-1

S:3

S4

S-5

S-6

$-7

S-8

REFERENCE: FIELD BOOK, Pg.
ATTACHMENTS

SIGNATURE:

FIGURE 4-1 (Cont.)

EXAMPLE TEST PIT RECORD (Cont.)

PROJECT OPERATIONS PLAN

NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 94032 1WEM

NTC_Orl.POP
MVL.07.94

4-22




Chapter No.__4 Revision No.__ 0

(R——

Date July 13, 1994 , Page 23 of 70

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 logbooks.

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. If 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
pit,

. 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, soll, 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
peoint 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 soll 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 GC
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 5-
foot intervals, depending on site-specific data needs.
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A qualified drilling subcontractor will supply the 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 IIT 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. 1If the site geologist determines that due to geologic conditions, augers
cannot be used, borings will be advanced using an alternative 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

NTC_ Orl.POP
MVL.07.94 4-25



Chapter No._4 , Revision No._0
Date July 13, 1994 , Page 26 of 70

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 withdrawn,
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,
NTC_Orl.POP
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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
cuttings up the annulus to land surface.

4.4.6.3 Monitoring Well Installation 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). 1In 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 is expressly prohibited.

All well installations will begin 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 bottem 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,
1991¢) .

. 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
may 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;
. depth from top of well casing to top of sediment inside well, before

and after development;
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WELL CONSTRUCTION DETAIL

WELL NUMBER:
DATE OF INSTALLATION:

1. Height of Casing above ground. —_

2. Depth to first Coupling:
Coupling Interval Depths: ___

3. Total Length of Riser Pipe:

4, Type of Riser Pipe:

. Length of Screen; __
6. Type of Screen:
7. Length of Sump:

8. Tota! Depih of Boring:

9. Diameter of Boring:
10. Depth to Botiom of Screen.
1L Type of Screen Filter:

Size:

Guaniily Usea:
12, Depth to Top of Filler:

13. Type of Seal:

Quanlity Used:

14, Depth to Top of Seat:

15. Type of Grout:

Grout Mixture:

Method of Placement:

18. Tot. Depth of 6 in. Steel Casing:

COMMENTS ON INSTALLATION

WCH-0C

FIGURE 4-2

WELL CONSTRUCTION DETAIL

PROJECT OPERATIONS PLAN

NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 940308WEM
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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 in 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 fluids 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 installation Date and Time: Project No.

Client: Well Development Date and Time: Logged by: Checked by:

Well/Site 1.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.)

Installed Depth From Top of Well Casing to Bottom of Well:

Initial Depth to Water (ft): Initial Depth to Well Botiomn:

Water Level during Initial Pumping/Purging (f):

Depth to Water at Termination of Pumping/Purging (tt): Depth 1o Well Bottom at Termination of Pumping/Purging (f):

BEGINNING OF WELL DEVELOPMENT
Approximate
Time Temperature pH Conductivity Turbidity Other Pumping Rate
(gal/min.)
END OF WELL DEVELOPMENT
Notes: (include Physical character of removed water, type and size of pump, volume of water removed.)
Well Developer's Signature
FIGURE 4-3 PROJECT OPERATIONS PLAN
EXAMPLE WELL DEVELOPMENT RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 940321 WEM
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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 i1s 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 retrieved and
analyzed for the presence of volatiles. 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 vicinity of the POIs will be identified
through literature review, consultation with known experts in the field (i.e.,
U.S. Fish and Wildlife Service, Florida Game and Freshwater Fish Commission
(FGFWFC), Florida Natural Heritage Program, local govermment, 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 NTG, 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 upstrean,
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 NTGC, 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

NTC_Orl.POP
MVL.07.94 4-34



Chapter No.__ 4 Revision No.__0

—)

Date July 13, 1994 , Page 35 of 70

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.S8., 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 logs. 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 wvolatiles. 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 loghbook. 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 is 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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SURFACE SOIL SAMPLING RECORD
Point of interest
Grid Element; Date; Time: St., End.
Sample Component Loss
Sketch Map of Grid Element -Description-  -Monitoring-
-PPM-
100°
oNE Surface PPM, Spoils PPM
5 () -
- §1
£
7 &
P € () o 2
W-T-6E
Nw Surface PPM, Spoils PPM
0
()
1
) ( ()
2
Samples Obtained
Composite Samples ONW Surface PPM, Spoils PPM
Depth (F1) Quadrants Init. Ser Hd. Sp.
No. PPM
s NE NW SE SW 1
1 NE NW SE SwW 2
1.5 NE NW SE Sw
-4 NE NW SE SW
0SE Surface PPM, Spoils PPM
Grab Samples
NE NW SE SW !
NE NW SE SW >
NE NW SE SW
NE NW SE SW
Notes: Photographers Roll:
Exposures:
Reference: Field Book, Page
Attachments, No.
Signed
FIGURE 4-4 PROJECT OPERATIONS PLAN
EXAMPLE SURFACE SOIL SAMPLE RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 94032 1WEM
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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:
[ 1HAND AUGER 7/ ALLUSED
[ 1S.8. SPLIT SPOON [ JETHYL ALCOHOL
[ }SHOVEL [ 125% METHANOL/ 75% ASTM TYPE Il WATER
DEPTH OF SAMPLE { )HAND SPOON { ]DEIONIZED WATER
[ ] ALUMINUM PANS [ JUQUINOX SOLUTION
[ 1SS BUCKET { JHEXANE
[1 [ ]1HNO 3 SOLUTION
[ JPOTABLE WATER
TYPE OF SAMPLE COLLECTED: [ INONE
{ ) DISCRETE
[ ]COMPCSTE SOIL TYPE:
{ JCLAY
SAMPLE OSSERVATIONS: [ 1SAND
[ ]ODOR [ ] ORGANIC
{ }COLOR [ }GRAVEL
FIELD GC DATA:{ } FIELD DUPLICATE COLLECTED SAMPLE LOCATION SKETCH:
DUPUCATEID — { JYES
[ INO
SAMPLES COLLECTED
MATRIX
e s
=
LOCATION %g g /1F PRESERVED WITH R‘;% G SAMPLE SAMPLE BOTTLE IDS
{1 [1] [] {1 —_— [] / / /
[] [1] [] {] — {1 / / /
[} [ [) [} ———— {1 / /. /
[1 [] {1 [] [] /. /. /
I | I i ——
/ / /
[) ] [1] [] [1 /. / !
NOTES/SKETCH
FIGURE 4-5 PROJECT OPERATIONS PLAN
EXAMPLE SURFACE SOIL SAMPLE
FIELD DATA RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 94032 1WEM
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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 (0D) 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 laboratory-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 1is required for certain treatability, hydraulic, and
geotechnical tests. It is 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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OIL BORI Point of Interest:
Boring No.:
Client: Project No. Protection:
Contractor: Date Started: Completed:
Method: Casing Size: P! Meter:
Ground Elev.: Soil Drilled: Total Depth:
Logged by: Checked by: 3 Below Ground:
Screen: (ft.) LRiser: (f.) ' Diam: (D) l Material: Page of:
[
w -
. §E ¢ . ., &
I EEEER : 3¢ 3
o I SOIUROCK DESCRIFTION S mowsew. § E z
. -
PROPORTIONS () AMOUNT (+) ABBREVIATIONS
Trace () 0-10% {=fine or = gray MS = Split Spocn
Littie (If) 10-20% ma=medium bn=brown BW = Screened Auger
Some (50) 20-35% ¢ = cOarse blk = black HP « Hydropunch
and 35-50%
FIGURE 4-6 PROJECT OPERATIONS PLAN
EXAMPLE SOIL BORING LOG
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 940321WEM
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Chapter No.__4

Project

FIELD INVESTIGATION DATA RECORD TERRAPROBE SOIL/WATER SYSTEM INFORMATION

Point of Interest

Sample ID Matrix Date Time Depth Collection Method
Q Water QInches Q Soil Probe
Q Soil Q Surtace Soil
Q Sediment O Feet Q Bail for Water
Observations (Texwre, Color, Odor, Etc.) Sample Coliected for:
Q Laboratory Analysis
O Field Analysis
Sample ID Matrix Date Time Depth Collection Method
Q Water Qinches| O Soil Probe
Q Soil Q Surace Soil
Q Sediment QFeet | O Bailfor Water
Observations (Texture, Color, Odor, Etc) Sample Collected for:
Q Laboratory Analysis
Q Field Analysis
Sample ID Matrix Date Time Depth Collection Method
0 Water Qinches| Q Soil Probe
Q Soil Q Surface Soit
Q Sediment QFeet | O Bail for Water
- Observations (Texwre, Color, Odor, Etc) Sample Collected for:
Q Laboratory Analysis
Q Fieid Analysis
Sample ID Matrix Date Time Depth  Collection Method
Q Water QOinches] & Soil Probe
Q Soil Q Surtace Soil
Q Sediment QO Feet | O Bailfor Water
Observations (Texture, Color, Odor, Eic) Sample Collected for:
Q Laboratory Analysis
0 Field Analysis
Signature Date / /
FIGURE 4-7 PROJECT OPERATIONS PLAN
EXAMPLE TERRAPROBE FIELD DATA RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 94032 1WEM
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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 containing 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 fill 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 numbers, 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 boring log.

Soil jars will be tightly 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 investigation.

All geotechnical testing will be performed in accordance with ASTM standard
procedures. Atterberg limit tests (ASTM D4318) 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.

NTC_Orl.POP
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The sampler will collect the sample from the surface water bedy 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.

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.

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

record, 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
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 sampling techniques 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: Stte:
Project Number: Date:
Sample Location |D:
Time: Start: End: __. Signature of Sampler:
SURFACE WATER INFORMATION TYPE OF SURFACE WATER: DECONTAMINATION FLUIDS USED:
[ ]STREAM { JRIVER s ALLUSED
[ JPONDALAKE [ )SEEP { JETHYL ALCOHOL
[ ]125% METHANOU 75% ASTM TYPE Il WATER
WATER DEPTHAND SAMPLELOCATION (1 { ] OEIONIZED WATER
{ ]UQUINOX SOLUTION
EQUIPMENT USED FOR COLLECTION: | JHEXANE
DEPTH OF SAMPLE (] NONE, GRAB INTO BOTTLE { 1HNO, SOLUTION
FROMTOPOFWATER (Y [ ]BOMB SAMPLER [ ]POTABLE WATER
[ 1PUMP { ]NONE
VELOCITY MEASUREMENTS OBTAINED? | ] YES, SEE FLOW MEASUREMENT DATA RECORD
TEMPERATURE — Deg.C. SPEC. COND.e———— pmhos/em pH o _Units DISS. 03 ——— ppm
FIELD GC DATA:{ ] FIELD DUPLICATE COLLECTED SAMPLE LOCATION SKETCH: METHOD USED:
DUPLICATEID [ ]YES [ ]WINKLER
[ INO [ ]PROBE
SEDIMENT INFORMATION EQUIPMENT USED FOR COLLECTION:  DECONTAMINATION FLUIDS USED:
[ ] GRAVITY CORER <+ AULUSED
. [ ]5.5.SPUT SPOON { ] ETHYL ALCOHOL
[ }DREDGE { 125% METHANOL 75% ASTM TYPE | WATER
DEPTH OF SEDIMENT SAMPLE () [ ]HAND SPOON [ ) DEIONIZED WATER
[ ] ALUMINUM PANS [ ] UGUINOX SOLUTION
[ ]SS BUCKET [ ] HEXANE
{1 [ ]HNO 3 SOLUTION
[ ] POTABLE WATER
TYPE OF SAMPLE COLLECTED: [ INONE
[ ] DISCRETE
[ ] COMPOSITE SEDIMENT TYPE:
[ ]CLAY
SAMPLE OBSERVATIONS: | 1SAND
[ 1000R [ 1ORGANIC
{ }COLOR [ ] GRAVEL
FIELD GC DATA:{ ] FIELD DUPLICATE COLLECTED
DUPLICATE 1D
SAMPLES COLLECTED
MATRIX
srEame  gp
A 5 2 #IF PRESERVED WITH VoL r P
LOCATION % § g jrngies ngtgn-“:n ,cou.ecm: SAMPLE BOTTLE [0S
[] {1 (] [] - (1] ! ! /
[1] [l [1] [] {1 / / /.
(1 [ [] [) —_ [ / ! /.
[} [] [1] {1 I [} ! / /
{1 [1] {1 {1 [) / ! !
{1} [1] {1} [ [} ! ! /
[1 [} {1 {1 {1 / / /
NOTES/SKETCH
FIGURE 4-8 PROJECT OPERATIONS PLAN
EXAMPLE SURFACE WATER AND SEDIMENT
SAMPLE FIELD DATA RECORD
NAVAL TRAINING CENTER
ORLANDO, FLORIDA
8519-03 940321WEM
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FIELD INSTRUMENTATION & MATERIAL QUALITY ASSURANCE RECORD

Project Site

Project No. Sampler Signature

Date

Fiel Instrumentation Calibration Data

Equipment Type/1.D. Battery Calibration Information
Condition
pH4 pH?7 pH 10
pH4 pH 7 pH 10
pH4 pH7 pH 10
Cond. Std. /I Cond. Std. [ A—
Cond. Std. /———— Cond. Std.
Cond. Std. /. Cond. Std. [ S
Dissolved Oxygen
Avg. Winkler Value ppm  Meter Vallue_ ppm
Redox
Zobell Sol.Value _____ =~ Meter Value____

Photoionization Meter

2Zero/Zero Air? QYes O No Span Gas Value___ ppm Equiv.
Meter Value ___ ppm Equiv.

Zero/Zero Air? QYes QNo Span Gas Value___ ppm Equiv.

Meter Value ___ ppm Equiv.

Other
Fluids/Materials Record,
Deionized Water Source: ______ ABB Staging Portable System Other
Trip Blank Water Source: —_ ABB Lab; Lot No.
—— Other; Type D
Decontamination Fluids: ___  Methyl Hydrate; Lot Nq,
—_ Other; Type ID
HNQ, /Dl Rinse Solution: ___ ABB Staging; Lot No.
Filtration Paper ID: (In Line) Manut/Type Lot No. /
(Vacuum) Manut/Type - Lot No. /
Chemicals Used: HNQ; Lot No. ZnAOC Lot No
H,SQ, Lot No. Other Lot No
HCL Lot No. Cther Lot No
NaOH Lot No.
FIGURE 4-9 PROJECT OPERATIONS PLAN
EXAMPLE FIELD INSTRUMENTATION
AND MATERIAL QUALITY RECORD
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GROUNDWATER SAMPLE FIELD DATA
Project: Point of Interest:
Project Number: Date:
Sample Location ID;
Time: Start: End: Signature of Sampler:
WeilDepth _____ R ___ Measursd ____Top ot Wed Wel Riser Stick-up ft. P FL
. Histoncal —.. Top of Protective  (from ground) Casing/Wall Ditference
Casing
[ ] —_— Protective _______ AL
3 Casing
3 Depth 1o Water FL  Well Matesial: Well Locked?: Wel Dia. ____2inch Water Level Equip. Used:
§ —_PVC —Yes —__4inch — Bect. Cond. Probe
r -Ss —No —8inch — Float Activated
2 —_— —Press. Transducer
J —
g
1 —16GaVR. (2 in) Gavvol Well Irtegrity: Yes No
= Height of Water Comn X __ 85 GaVR. (4in) = [ Prot. Casing Secure [,
:‘:GG:VV:?_Tn)) Total Gal Purged g:'r:mo Collar Intact — —
1 Purgina/Sampling Equipment Used : Deconteminstion Fluids Used :
il )
2 (/ ! Used For)
o Purging  Sampling Equipmern 10 { «~ Al That Apply ar Location)
g - _ Persianic Pump —__ Msthanol (100%)
8 — — Submarsibie Pump e 25% Methanol75% ASTM Type Il water
a — — Baier —_Deionized Water
- - - PVCSiticon Tubing —_Liquinox Solution
g _ — TeflorvSiicon Tubing —__Hexare
E. — —_— Airit — HNO /DI, Water Solution
K= —_ —_ Hand Pump — Potable Water
=1 — — In-line Filter —
IE —_ — Press/Vac Fiter I
Sample Observations:
Ambient Air VOC ppm WellMouth ____pem  Fieid Data Collected ____ In-line —Turbid —Clear __Clouay
§ ___nComainer __Colored __Odor
! o
o Purge Data -] Gal @ Ga. @ Gal. @ Gal. @ Ga.
[d
%‘ Temperature, Deg. €
=3 pH, unas
< Specilic Conductivity
T (umhos/em. @ 25 Deg. C)
:0 Oxi «R ion. /- my
Dissoived Oxygen, ppm
Araitical Parameter /It Fisld Preservation Volume 7 & Sampie Sampie Bottle 108
.g Fitered Method Aequired Coliected
g VOA HeL — ' ! ’
8T SVOA ©C —_— / U [
S 2  Peswrcs — «©C _ ! / I
g‘ g incrgancs HNO, —_ / 1 /
< Expl ac —_ li / [
c 2 TPm H S0, - ' / ’
S w TOC S0 — 7 ' P
‘S § Nurare H;so: — / l; ]
% 3. Notes:
Qc
2 =
c >
E
-3
7]
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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 willl 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. In 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
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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 1s a more rapid stabilization of turbidity and other
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parameters (pH, temperature, specific conductivity, dissolved oxygen, and Eh) 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 £/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
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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 to 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 following 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 wvibratory 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 Aquatic 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 biocaccumulation 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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SEDIMENT CORE LOG Point of interest:
Site ID:
Client: No. Protection:
Contractor: Date Started: Completed:
Method: Core Tube Size: Pl Meter:
Logged by: Checked by: ) Total Depth:
Page of:
§
s
g8 & ¢ _
SRR
£ ¥3 @ 2 SEDIMENT DESCRIPTION SOIL CLASS
—
FIGURE 4-11 PROJECT OPERATIONS PLAN
EXAMPLE SEDIMENT CORE LOG
NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 94032 1WEM
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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. If
necessary, the /0 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 QGC 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 funnel-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, lesions,
structural or bone defects) through an evaluation of the conditions of the lips,
jaws, barbels (if 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 TFIELD 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 equipped with an electron capture
detector and or a PID. The GC target compounds at NTC, Orlandc will be: benzene;
toluene; ethylbenzene; meta-, para-, and ortho-xylene; PCE; and trichlorocethene
(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.

NTC_Ori.POP
MVL.07.94 4-58



Chapter No.__ 4 Revision No.__ 0

fR— S—

Date July 13, 1994 , Page 59 of 70

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 metheds. 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 IT 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. 1If a continuing calibration standard does not meet requirements, then
a second standard will be analyzed. 1If 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 SURFAGCE 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
mid-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 frem 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 0.01 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=37, g O
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Stream Flow Measurements

DATE:
TOTAL CHANNEL WIDTH (ft.): TIME IN:
TOTAL NO. SEGMENTS (M): TIME OUT:
WIDTH/SEGMENT (w) (ft.): TRANSECT LOCATION:

(Refer to site plan)

~ STATION DEP’TH - © |.:CTS | MEAN VEL|-*DISCH .. |STATION
G m) P d(#)on] s [ (sec) ol (v)(tus) |'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
Q = discharge fta/min,
m = total number of segments, and
i = segment number.

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

gi = vi [b(im - b(i—1)] di (5)

2

where
ql = discharge through subsection i,
vi = measured mean velocity at vertical i,
b(i-1) = distance from initial point to preceding vertical,
bi(i+l) = distance from initial point to next vertical, and
di = 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 Water 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 0.0l 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 0.0l 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 wusing slugs
ineffective, the following alternate 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 various distances from the pumping well.
Measurements are made both during pumping and after pumping (to observe water-
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AQUIFER TEST COMPLETION CHECKLIST

AQUIFER TEST NO.

MONITORING WELL ID

DATE OF TEST

TYPE OF TEST

HERMIT TYPE/SERIAL#

TEST #

DATA COLLECTION RATE

SERIAL #

PSIG

SCALE FACTOR

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./TOC)

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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Project No. Project Name: Well Na.:
Performed by: Date: Type of Test:
| Borehole Dia. (in.): ’ Well dia. 1.D. (in.): Total Test
. Time:
Depth to static water level (ft.): Page ____of___
All Measurements Taken from Top of Riser
Time Elapsed Time D:VF::L:O AH Comments
FIGURE 4-14 PROJECT OPERATIONS PLAN
FIELD PERMEABILITY TEST DATA SHEET
NAVAL TRAINING CENTER
ORLANDO, FLORIDA

8519-03 94032 1WEM
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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, etec.

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.

NTC_Orl.POP
MVL.07.94 4-67



Chapter No._4 _, Revision No._0
Date July 13, 1994 , Page 68 of 70

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 it more readily visible. In 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 piezometers 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 piezometers, a permanent mark will be made on the riser, protective
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 0.01 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 suffice 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 containers will be
segregated by POI 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, Orlando 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
(TCL) 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 IDW are greater than NTC, Orlando background values but less than the
TCLP threshold 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 1labeled mnon-hazardous, solid waste, or hazardous based on this
determination.

A copy of the laboratory analytical results will be stored on base so that
comparisons of the results and IDW classification can be made. Quarterly
summaries of 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.
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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 loghook 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
. 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 mnot 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 No.

DATE/TIME

SAMPLE MATRIX

SAMPLE SITE

PRESERVATIVE

FILTERED (Y/N)

ANALYSIS

SAMPLER

ABB Environmental Services, Inc.

FIGURE 5-1 PROJECT OPERATIONS PLAN
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NAVAL TRAINING CENTER
ORLANDO, FLORIDA
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Correct packaging, storing, and shipping of envirommental samples are necessary
to:

. 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 environmental 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 to 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 mnotify 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 1is
critical to allow the laboratory enough time to prepare for the sample shipment
arrival and to keep the Project Manager current on the status of the sampling
program.
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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.FOP
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6.0 FEQUIPMENT CALIBRATION AND PREVENTIVE MAINTENANCE

This chapter describes calibration protocols for laboratory services and field
instruments that may be used at NTIC, 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 piece 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 ionic 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 Jon 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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6.2.3

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, rinse 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.

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 tc 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 solution.

Best results will 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. Wait 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™ IS-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. Isobutylene 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. Connect the supplied regulator to the span gas cylinder. Hand tighten
the fittings. Observe proper handling techniques for all gases.

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

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

4. Turn the regulator knob counterclockwise about half a turn to start the
flow of gas.

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

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

7. Close the gas bag by turning the valve clockwise.

8. 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).

9. 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.

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

11. 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.

12. Press ENTER to set the MicroTIP sensitivity.

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

1.

2.

10.

11.

12.

13.

14.

6.2.5

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.

Yellow Springs Instrument Oxidation-Reduction Potential Electrode Assembly

(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.
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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.

6.2.6 Flame Ionization 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.

2.

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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3. 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).

4. Attach calibration kit regulator assembly to calibration cylinder, turn
calibration cylinder wvalve knob counterclockwise (one half to one
turn). Do NOT force the knob all the way counterclockwise (open).

5. Attach calibration kit outlet connector to the hand-held unit by
pushing the connector firmly into the sample inlet quick disconnect on
the housing.

6. Within 30 seconds the meter needle should start moving upscale.

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

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

9. 1If an adjustment is 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.

10. Adjust control to the proper level. Calibration is complete.

11. 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 NTG, 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 Analytical Data. Laboratory analytical data will be wused 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 GG/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 VOCs, 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 TLABORATORY 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_Or.POP
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Table 7-1

Laboratory Analytical Program

Project Operations Plan for Site Investigations

and Remedial Investigations

NTC, Orlando, Orlando, Florida

Media Analytes Method Reference DQO Level
Soils TCL volatiles Purge and trap GC/MS  CLP Hlor IV
TCL semivolatiles GC/MS CLP Hlor IV
TAL inorganics AA/ICP CLP or SW846 Wor IV
TCL pesticide and PCBs GC/ECD CLP or SW846 (8080) lor IV
TCL herbicides GC/ECD CLP or SW846 (8150) Hlor IV
TPH SW846 (418.1) ilor IV
Total organic carbon Combustion SW846(9060) Il
Grain-size distribution Sieve analysis ASTM D 422 Il
Selected screening volatile GC/ECD/PID SW846-M Il
Selected screening semivolatile GC/ECD/PID SW846-M I
Selected screening PCBs Immunoassay Test Kit SW846-M (4020) Il
Selected screening inorganics X-ray fluorescence SWsg46-M Il
Groundwater TCL volatiles Purge and trap GC/MS  CLP (low level) Il or IV
TCL semivolatiles' GC/MS CLP Il or 1V
TAL inorganics AA/ICP CLP or SW846 WorlvV
TCL pesticides and PCBs GC/ECD CLP or SW846 (8080) lor IV
TCL herbicides GC/ECD CLP or SW846 (8150) or vV
TPH SW846 (418.1) or IV
Selected screening volatile GC/ECD/PID SWa46-M Il
Selected screening semivolatile GC/ECD/PID Swa46-M Il
Selected screening pesticides and PCBs GC/ECD/PID SwWs46-M H
Selected screening inorganics X-ray fluorescence SW846-M i
Selected radionuclides-gamma scan Scintillation counter (101.1) 1]
Selected radionuclides-alpha or beta scan Scintillation counter (8310) 1]
Sediments TCL volatiles Purge and trap GC/MS  CLP It or IV
TCL semivolatiles GC/MS CLpP WorvV
TAL inorganics AA/ICP CLP or SW846 Nor IV
TCL pesticides and PCBs GC/ECD CLP or SW846 (8080) llor IV
Total organic carbon Combustion SW846(9060) I
Surface water  TCL volatiles Purge and trap GC/MS  CLP hor IV
TCL semivolatiles GC/MS CLP il or IV
TAL inorganics AA/ICP CLP or SW846 (8080) illor IV
TCL pesticides and PCBs GC/ECD CLP or SW846 lor IV

' To achieve Fiorida 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; 1991b).
TAL = target analyte list.
AA/ICP = atomic absorption/inductively coupled plasma.,
PCBs = polychlorinated biphenyls.

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 petroleum hydrocarbons.
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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 locationms,
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 wvalidated
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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geologist, or site lead who was not involved in the original analysis. A review
is made of all the raw data, calibration information, logbook documentation,
analytical and field blanks, transcriptions, and calculated results. The ultimate
responsibility for the analytical field results lies with the field 1lead.
Analytical data collected in the field are checked by a chemist or technical
representative of the project team who was not originally involved in the sampling
or data gathering process. Records of field QA/QC data will be maintained, out-of-
control conditions will be noted, and, where appropriate, the data will be rejected
or annotated. The field data collection and validation process is outlined in
Figure 8-1.

8.3 DATA REPORTING. Data reporting of field measurement activities occurs after
the site field activities have been approved by the field leader or scientist.

The data provided by approved contract laboratories must be formatted into summary
tables that are easily read and can be included in final reports submitted to

clients. The reporting format for laboratory data is described above in Section
8.2.

8.4 DATA STORAGE. All field records, laboratory data, and reports pertaining to
a given project are kept as hard copies in central project files according to a
unique project number. Each project remains in the central file until the end of
the year in which the project comes to its completion. At the end of the year, the
file is removed and archived in a temperature controlled office file room, where
it is stored for 3 years or for a contract-specified time period. Archived project
files are indexed and can be accessed according to project numbers.

8.5 DATA MANAGEMENT. Three broad categories make up data management: laboratory
data management, sample data management, and field data management. Laboratory
data management consists of storing, retrieving, editing, validating, and reporting
the results of the laboratory chemical analyses. Sample data management consists
of tracking the origin, location, and status of a set of chemical data obtained
from the analysis of an environmental sample. Field data management consists of
storing, retrieving, and reporting the results of measurements made from the field.

Laboratory data management begins with receipt of unvalidated data (one hard copy
and one electronic copy) from the laboratory. The laboratory data manager later
receives the validated data from the data validator. One hard copy of all of the
chemical data is kept in house in a locked file cabinet to allow access to the raw
data. A second hard copy of the unvalidated data is stored offsite. Upon receipt
of the validated data, the laboratory data manager uploads the electronic copy into
a secure database. Data in the database are backed-up daily and the back-ups are
stored for 2 weeks in a firesafe wvault. At the conclusion of the project, the
laboratory data manager archives the electronic data, and moves the in-house copy
of the unvalidated data to a storage site separate from the first storage site.
This minimizes the risk of catastrophic data loss.

Sample management begins upon creation of the sample. The sample data manager
tracks the life cycle of each sample, and uses milestones in the life cycle as
reference points to judge the status of individual samples. Milestones include

sample collection, sample receipt by the laboratory, unvalidated sample data
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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 l4-
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 compound
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 all 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 blanks
are collected if equipment is cleaned in the field. A field cleaned equipment
blank 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 a
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 Field 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 TLABORATORY 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 TIII 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
associlated requirements of audits.

In addition to routine audits, project and deliverable review systems will be
implemented to assess scope compliance and overall technical quality 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. Systems
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 SOPs. 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
personnel. 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,
NTC_Orl.POP
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. recommendations and assistance regarding proposed corrective actions or
system improvements (if 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 (internal) 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 professional standards and
project requirements. QA reviews will be scheduled on a routine basis for the NTC,
Orlandoc 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 ANALYTIGAL 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.
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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, order-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 PRECISTION, 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 substandard 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 1important 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 vremedial
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, Orlando, Florida

Analysis Control item Acceptance Criteria Corrective Action
Specific conductivity at Check standard 0.00702 +5 percent Recalibrate with fresh
25 °C N potassium chloride 1000 ymhos/cm potassium chloride.
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.
pmhos/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.:

NONCONFORMANCE REPORT (NCR)

Manufacturer/Vendor:

Date:

Lot No./Other ID:

Originator:

Project:

Specified Requirement:

Nonconforming Condition:

Recommended Disposition
Use-as-Is
Rework

Justification (use as is and repair):

Repair
Reject/Scrap

—————ee

Disposition Approvals:

Project Manager:

Date:

QA Specialist:

Date:

see CAF No.

Corrective Action to Prevent Recurrence Yes No

Potential Impact to Other Projects:

Technical Representative: Date:

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

8518-03 940321WEM
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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 TMMEDIATE CORRECTIVE ACTION. Immediate corrective action is usually applied
to spontaneous, mnonrecurring problems (e.g., instrument 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 controel, 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.

13.2 LONG-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, validation,
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 94032 TWEM
NTC_ Orl.POP
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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_Ori.POP
MVL.07.94 13-5



Chapter No._13 , Revision No._0
Date July 13, 1994, Page 6 of 6 _

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 problemn,

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. 1In either case, occurrence of the problem, corrective action
employed, and verification that the problem has been eliminated will be documented.

NTC_Orl.POP
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14.0 REPORTS

14.1 QUALITY ASSURANGCE 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.
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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.

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 Pipe

B 209 Aluminum and Aluminum-alloy Sheet and Plate

C 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
¢) 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 D1785

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 PVGC pipe as listed in ASTM D1785, Table XI.2.

NTC_Or.POP
MVL.07.94 A-3



Appendix__ A, Revision No._0
Date July 13, 1994 , Page 4 of 9

b. Polytetrafluoroethylene (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 specifications.

b. 1/4-inch bentonite pellets shall be 90~ montmorillonite clay, with a bulk
dry density 80 1lbs/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

oqa Hh @ A0 T 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 Well Development

Well development shall commence no sooner than 24 hours after placement of the
grout. The development method shall be approved by the EIGC. 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 volume.

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.

NTC_Orl.POP
MVL.07.94 A-6
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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 KYwW
NavHosp Key West KWH
Homestead HST
Jacksonville JAX
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

LOUISTANA

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_Ori.POP
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ALB
ATL
KBA
ATH

PAI
BFT
BFH

CSY

NOA
NOS

GPT
GPH

MPH
BRT

CCT
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_Orl.POP
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PREFACE

This report was prepared by Alan D. Hewitt, Research Chemist, Geochemical
Sdiences Branch, Research Division, U.S. Army Cold Regions and Research and
Engineering Laboratory. This project was Aunded by the U.S. Army Toxde and
Eazzrdous Materizls Agency (R-50 Mult-analytical Services), Mardn i Stuiz,
project enitor.

The author sharks Dr. Thomas F. Jenkins and Dr. Czrence Grant for assistance
in the experimental design, and Dr. Charles M. Reynolds, Jazes L Coagin, Do
Jerkizs, Dr. Iskanéar X Iskandar and Dr. Grant for cifical reviews of the text.

The contents of this report are not to be used for advertsing or Fremoticnal
purpeses. Citadon of brand names does not consttute an offical endorsement or

approval of the use of such commercal products.
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Leaching of Metal Pollutants From Four Well Casings
Used for Ground-water Moritoring

ALAN D.

INTRODUCTION

Hon of canéiss to wansfer water to the surface for
collecsion Four commonly used well casings are
=zde fco I-in (5-—) diameter polyvinylchlo-
Hde (PVCQ), staizless steel 304 (S5 304), stainless
steel 316 (85 318) and polytezailucroethylene
(FTFE) sizes. Representadve sampling of ground
water requires that mzterials employed inthe satu-
rated zome do not indluence the concentradon of
analytes of interest.

Oriy a few studies have reported the inlluence
of weil<c2sing materials on the concentragons of
inorganic substances in ground water during wa-
ter quality analyses. Several stucies have dexon-
sirated that these materials (stzinless steel, PVC
and PTFE) sors apprecabie quanttes of cert2in
joric speces (Eichhoiz et al. 1965, Miler 1982,
Hewitt 1689). Swidence also exisis showing that
metals are relezsed into ground water fom stain-
less steel and PVC pipes (Houghton and Serger
1984, Sarcelona and Felfrich 1586, Hewitt 198%).
The relezse of metal analytes by stainless steel has
been 2ssocated with its corresion, which in some
instances has been observed to produce a hydrous
iron prec:itate (Barcelona and Helfsich 1586,
Hewsitt 1688). ,

Recendy,alaboratory experientwasconducied
testing the effects of ground-water compesition on
the weil casings Gted above (Flewitt 1989). In this
experiment two concentrations of metals (As, Cd,
Cr and Pb), pH and total organic carbon were
introduced 25 ground-water solution variables. Re-
sults of this exzeriment indicated that PITZ was
inert to the va=atles, whereas both PVC and stain-
less steel weil casings were affected. These two
materials leached and sorbed some of the metals
iaboduced inta the grouad water. In adéiZen,
several sizinless steel casing sectons developed

Ground-wzter meritoring requires the instaila-

o o=

TIWIIL

surfaca cxcdzzon, which imooduced a randim
[

source of vaszZen Sy providing relezse Tecta-
nisme and aczva sites forserpisn FVCwasalows

level sousce iz 2nd sranidad sorpSonsites fer

"
N
(VTN %

Pb. Stainless st2al 318 was 2 low-level source for C2
and provided sorpien sites for As, Crand 75

Stainless stael 304 was 2iso 2 low-level sourze fo7
Cd and zrovided sorps farAsand P The
extentolhescros cimetzlswas clen
influenced v the sciudeon

a-atles. Tais stads
conciudesd mat tnestainies

M

aei c2sings werz e

e

55 .
2
lezst switzziz ‘or menitcring e —etzis shudiaed
(As, C4, Co2nd P5) in a2 groumd wat
Aconcamentstady doneat

198%) lockes at zround-walar
organic ccmpounds exzesed

casings. [n canTast 1o e res:
(Cs and =ams-1,2-dickicroens

! ] PP, -
ene, mLTuorsaiyiene, ¢rigrssanzane, o=, 2~ &N
:

m-dichicrszerzana) citheten cryzniccampounds
studied serbed merecicdiiyand isa reataraxient
onrto PTFZ than PVC and £id ot sord cnio 2
stainless stzels. The samie raslls were ostained
when the ground water was Teated wih 20 g

-
-—

NaCl/L to tast for effacts of ionic stengin These
Endings suzporn the eariier werk of Reynoids and
Gillham (1$83) who observed rzzid sorpden ¢
teracklerzesnviene Sy Tirs wel asing. They
suggested tnat FT7S is the l2ast desiralie material
for a weil casing when cryznic compeuncs are
monitored in ground water,

The resuits of these two recant CRREL stucles
(Hewizt 1589, Pasker et al 155%) and supportng
evidence in tme literature Jed io thesuggesdon tat
PVCmaybethe Sestcompramiseaneng Nese fowr

well casings for monissring ground water for det
inorganicand crganic asaivres Parker etal 1586).

The cjecsve cf this stody 1s s examine el
leaching charac : es

saterials in zTound waien
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gaching studiss a2t



ccmpate hese four weil casings have nct "'-eeﬂ
rezcried = :heiterzrore. Theresulisof tiis exyer:

‘e —oser

PPRI®r-14

—ent wiil ceterming which ;s: gs &
ihe least suscezTIie to leaching the mmetals. The
analyvies anal zed incduded 2l afth e.—e'-‘- cnthe
Iavironmental Protecson Agency's prionity pel-
Jutant st, aleng with co;pe..

MATERIALS AND METHODS

Materials
The FVC and sizinjess steel well casings were
mtzined Som Johnson Well Sceen, and the FIF=2
was o'c‘ai:'ec Lo MIP, Ine Al well casings were
~wfacrzred for gound-water meni-

specicly
tc:-:.c. The casings 2ll Rad approxizately a 3-m
:'....e;-‘wad cizmeter znd were cut *‘1 lemgths of

asproximately 2 The exact lengih of the rings
CE‘DEﬂCé‘.‘l on the wzll thickness and éizmeter of
the pipe Seczuse wew znted to mainizin a constan
suface zme2 of 8O = Cut sewfaces compesed 17%
of the z-ez for the Firz and FVC well casings =nd
9¢, for the stzinjess steels.

Precauccns were tzken c"_':".ng size miingto
Frevent expesure fo cease, éixt, oil and soivenss,
29€ 10 2void excessive handing. After milling, the
ingividualwell<asng ingswererinsed with ce:c.‘
ized water Millipore, Type 1) and air dried sefcre
being plzced inlo the r-ou:xd-h ater-Ziled sample
contziness. During rinsing we 12de no attexpt 10
remove surface c:.sco]cm.‘ nor ink cn e pipes;
we vsed thexy 2s we had received them & ~om the
= znufacnrer. Thislimited deaningwas consistent
with cemmerly exployed Zeld protocels.” Th
well-casing secdons were hancled wits slasdc
gloves znd nylon forcess after miling. Two sec-
Sons of the S5 316 Fipe were not used because
excessive surface -.st had formed. In general the

sszinless steel well casings azpeared to have devel-

oped more nust c"".ng theS-month st torage period

than they had when st ottained. All experimen-
ta] work was performed in ass 100 cdeznroo=s.

Poiyzropy jene j jars (69 = od x €2 i height,

125 '-11_ “Vfodel 6183-E37, Thomas Scenziic) served
as the sample containers. The jars were sczked ina
10% v/v concentated, recistilled I--]'."\J'O3 (G. Tred-
sick Szith [GFS)) dedonized water soluden, then
rinsed with and sozked for several days in deion-
.Z"-d water priortouse. Other matesials, such as the

S-mLsample aliguot bortles (-polve'.:wlene, Nagle),

* Pemsonal communicason with Louise V. Parker, GRUCEL,
1989.

F"-\e"e :""< .
(reagent &a

e

simiariv.

Test desizn
Tes:s fzoihers

SS3H and 3

jezse of mezls Sem TV C, FITE,
~ell cagings were domein ik
cate Oy exge :g secions of each to ground water

g
2
QN

for periods of 1, 5, 20 and +0 cays. Troee samiple
containers with no weil casings served as cc:'.‘:os
for each of he expesuse “e..scs. The containerss
with 2nd ithout well casi 1gs were Hiled with €8
=Lofg a‘c_::c water collecsd Som a 7é-m-Ceep
domestc el systemin WeatherZeld, Vermieny; 53
containers, 12 with 2 ='-e‘e secen of each of the
fourw e"—:zsrg cancicates ((Zx4)and 12ceniels,
mzdeurs the experimenial samypie serup. The well-
casing ings were sumerged I the ground-water-
Giled samztie containers cezing a ':::e-sv'_“ace-
arez-te-zcuecus-velumeradociC.El 2/’ Tris
exve:'.mer.:al cesign provi c:es a suriacezatez-to-
soluion rafo similer to that of well casings I
ground-water monitering weils below the sahi-
rzted zcme; however, the radc is much lower than
that which excsts for well sceens.
Samzleswerepregased sy *-;.‘.s;e.-.-:g\\ gighed
amounisc! sroundwaterintceachjar fema <v"gl-
2-L glass Somle. The jass wers selected randozly
for ‘He exgeriment Deczuse the ground waler was
tTansported in three separatel Lzla.< -»otﬂes. ne
=)z and cencucEvin of the ground water Somall
of the bortles was 7.8 a=d 2.20 % 107 =ho/ =, re-
s*oec—vc.y Ground watercollected Semthissowrce
previously showed sizilar £ and concuczviy
leveis (2 =w.:: 1989). While :he we.l czsings were

v

expesed 1o the ground water, in iars were seaied
wnhac and <:srec:r.:}'.eca: =t"‘ L&ecthe

we.l-czs“-g secions had been removed Som the
jersattheend of each imeintery al,-...L of ccneen-
trzted -"\~OJ (GFS)wasadded tothe ground water
to b..ng the 23 below 1.0. Studies haveshown that
addifcaton below rH1.5iseffeciveinzrevening
the loss of Tace metzls Fomnanwal w 2ters (Sub-
ramanian et zl 1678). Theacdifed, ground-water-
filled jars were reczzped, hand-switied Jor 10 sec-
onds, then lef at rest for at least 72 houss before we
tansferred a 3-mL aiiquot to a7.5-mL sample vial
(polyethylene, ag]e) for the sutsequent determi-
natonof Ag As, 33,C4d, Cu, G, T Pb and Se.

The encre experimental setup was duplicated
for the analysis of } r-.g, excezt that we determined

Eg immediztely after the c-'cund-u ater-Zled jar
was acdifled.

Ina j-e--~~-z'y experiment, grownd water
stcred in the polyprer: Jene iars was spiked with



Cd,Cr2né Fhicseeif sorzhon of metalsjonsenth
jarwallswouid imterferewii inetest resulls. Tiese
—eeal ians, sééed to the ground waler anc stered
for & days in the samyle jass, were recovered upen
acéifcaton(Taziel). Thedesarpdon of metalicns
&am contziner wails has been resorted by Chea et
al. (1968). For this preiiminary test, 5.00pg/L i Cé,
C-and Phwas allowed tositin ground-water-filed
jars (100 L) for 6 days. Then we added 2 =L of
concentrated FINO, (GF3), hand switled the solu-
don for 10 seconds, and removed a 3-mL aliquot. A
second 3-=L alicuot was removed 72 hows later,
following the same srocedure. Theresulis inTatle
1 show Rzt zn average of 3% of theaqueous ezl
was recovered immeciately after acdifcztion, and
aliquassremmoved 3éayslatershowed only 2% (not
significant at the $3% conicence level) addiZonal
analyte recovery. Thus the metals either remained
in the laboratery ground-water soluden or were
Gesorbed Fom the izr walls guickly upon acdiiea-
Hon.

Table 1. Recovery of Cd, Cr and Pb (4.90 ug/L)
£om ground water stored in the sample jars and
allowed to equilibrate for § days before being
2&difed with 2 L of concentrated HNO

3.

AaidiSes:ion neriod

Lass thom 10 minuies 72 heuss
Amoung Aot

L = Bereemt L Perect
tug/l) recovered (pgil)  recower=d

C4d 4.65 4.9 3.2 943
332 9535 3.8 9.9

< §.58 14 433 ¢33
4.5 2.4 3.£9 837

7> 383 1002 472 963
422 %6.3 LXe} 122

Avenage

recovery $31% 97.2%

» Cﬁf,-"cfd\‘/»\-ﬁ'\;&

Analysis

Silver, arsenic, barium, cad=ium, copper, cre-
=wum and Jead were determined by Graphite Fur-
nace Atomic Absorption (GFAA) using a Perkin-
Elmer (PE) model 403 Atormic Absorptden Specso-
photometer (AAS) coupled with 2 PE model 2200
heated graphiteatomizer. Instumental proceduses
followed the general guidelines provided :n the
sanufachurer’s inscument manual (Perkin-Zier
1951). Eand injections of either 20, 50 or 100 pL
were employed for the analytes mentoned above.

Forthe S2iarmnina: s, a marmix modifiar—
Li¥me ™ .2 307 mue MeNQ.) —was acded
sc thatine amcecond heraised i

1200¢C. Cf 5 ang Se determine-

.
‘e

Sonms reguired devteium Tackground corTecten

Mercamrwas Serermined Ty Cold Vaper Alemt
Ansorgden (CVAR). We expioyed a s8&-mL al-
ot for e K¢ determinaticns, following a modi-
Sed Hatch and Cit (1948) procedire. Aliquots of 48
=L of ground water were reduced with 2 L of

% v/v stannous chioride and then sparged with

Hg-fee ain. Thereduced Hg vapor passed through
a MgtCC,). water vaper Taz into an optical cell
Cesigmed ¢ :niance detecicon (Tuncel and Ale-
=z 1282). The ozscal cell was positicned In e
Bght saih of the PZ mocel 205 AAS.

:
¢

Mercomwas Cetermined the same day that well
czsings were remeved Som ground-water-iled
jacstolimitvelzdizadonoiHgTomsaluden (Ceyme
and Coiling 1972, Lo and Wal 1873) and to aveid
vapor cenizminazon assoczted with sierage i
soly contziners (Cragin 1678). Al of the other
Setals were Zetermined within 2 weeks after the
last expesre pesiod.

Anzlysis srocedures wera designed fo acieve
Getecsen Mmits of 1% or less of the present domes-
Sc waler cualizy levels set Ty the ZPA (Takle 2).
Seleniu=, determined by graphite Avnace, wasthe
ordy meal with z detecieon Enitslightlyadove this
level (Tasie 2). Method Detecsen Limits (MDLs)
were estzzished following the srocedure outined
in the Federal Register (1684) for the analysis of a
sampie in a given soludon The MDL estmat
requires (2t 2 minimum of seven replicate deter-
—inzscnste macdeofananaiyteconcentationthatl

is one 'c Sve Smes the est—ated detection level

Tatle 2 EPA interim primary
éinking water guality levels
(1883) and the method detec-

=eon limits MDL).

A primecy
érinidng tnaler
levsis MDL
Med (pg/l) fug/ld

50 0.48
1000 24
10 a.039
1000 43
) 0.16
30 el
0 0.010
10 01
0 e

Sexpyeaer

]
w




Table 3. Summary of ANCVA and LSD determinations for average anezlyte cencentran

ons (gLl

Matesals with comzon zaderiining are not different at the 33% confidence level as determined Ty iRe LSD.
Sous Well z2sing Sous well zzsing
a. Sarfum & lecd

1 Conmal FIFZ PVC S5304 S5716
43 6.0 [X) 7.1 77

(LSO = 1.4)
5 Trs Conmol PVQ 88304 S82336
23 c3 6.6 7.8 €9
LsD=l) :
20 77 Conal PVC S8304 58336
335 9 £1 74 13
(tsD=23
ks 7 = FVC Conmol 88304 SE3
’ 2 35 9 70 10.1
1sSD=20)
b. Chirorrium
1 Cenzol Pir= PVC 88304 S85316
Q20 0==2 123 1.60 6.0
(1SD = 578)
§ Ceazel Pic= FPVC  S83i16 85304
Q23 =2 132 1729 )
(LSD = 031)
20 77z Conmol PVC S8316 SS304
Qi =2 1.20 3.30 4.81
(LSD=1.179)
40 Conzol PIFE PVC  SS316  SS504
0zl 21 1.11 233 333
(S0 = 1.04)

1 Qonmol PTTE S8316 834 FVC
Q.16 035 Q083 1.4

(LSD = 1.49)

5 Ceamol iz S$8318 S33%4 2VC

021 0.7 1D 135 =
(LSD = 1.53)
2 Ceameol iz 58318 PVC 8355
(1t} 0335 .20 .0 ~3%%
(LSD = 250}
40 P = Conzol FVQC  $2318 S35
021 033 uy | 125 205
(LSD = 132)
d. Cagper
1 PV'C 88334 Camzel 7oz

S.4 D2 - S

1S2=120)

5 TiF=  FVC Conmol S83M4 85316
0

78 c3 ¢ 11, 325
(LSD =124
29 PVC 777 Comzol S3304 SS336
6.8 $3 361 2s 12
(15D = 38.3)
40 PVC For=  S$8334 Camzal S2236
4 52 115 140 £33
LSD=1720)

The MDL is obtained by multiplying the standard
deviation of the replicate Measirements by the
appropriate one-sided !-statistic corresponding to
n-1degrees of feedom at the 99% confidencelevel.

Each sample aliquot with a determined analyte
concentration above theMDL was aralyzed atleast
twice. Analyte concentrations were based on the
average peak heights Som a sisip chart recording.

Aqueous calibration standards for Ag, As, Cd,
Cr, Cu, Pb, Hg and Se were prepared by diluting
© 1000-mg/L certified atomic absorption stock solu-
Hons (Fisher SdentiSc Corp.). A Ba stock standard
was made by dissolving a weighed amount of
2a(NQ,), (Baker, Reagent Grade) in deionized
water, Wosking stancards were prepared indeion-
ized water acdcifed to 2% v/v with ENO, (GFS).

Calibrations were established by determining
three different concentation standards in &ipli-

—

czte. Standards wererandoxly introcuced through-
out the cousse of sample analysis, and all of the
calibration curves were Enear over the concentra-
Hon range examined. To see if the intercepls were
signifcantly different Som 2ero, wecompared the
residuals for the models with an intercept and fer
the models with zero intercept using the F-rafo at

_the 95% confdence level. Analyte concentadons

in the samples and controls were determined Sased
on the slope and intercept only if the intercept was
deemed significant. Otherwise, a zero-intercept
linear model was exmployed.

To assess Jeaching of metals Som the surfaces of
the four wellcasing materials, an analysis of vari-
ance (ANOVA) was performed on tiese metals
(Ba, Cr, Cu and Pb) that had been consistenty
found above the established MDL fer the four well-
casing materials and the contol U a significant



Cifference wascetected Ty he ANCQV A ameng

averzce analvie concanTzticns Inthe cround wa-
Differenca (LST) zmalvsis was perfemmed. 3eih
anaivees (ANCVaA and LST) wsed the $2% cons-
Cence leval The reslis of these analvses esiz>-
Lshed which weil casings contmibuted pardodlar

o

ter for a =wen mazlenzl, then 2 Least-Sicmificans-

arzlytes tc the ground water overand zDove these
conmisuied by otherwell casings or the conal fer
the ¢ifferent expesure periods (Table 3). In addi-
Hon the acueous metal concenTadons that exceed
1% of the Z7A drinking water quality level were
identifed. This low-ievel warning citerion was
chesen sincethisstudy did notalwavsestablish the

natveleveistresentinthe goound water. Thus, the

conmizuson of metzls Som the well casings couid
rzange Semcnecrmoreordersof magnitude above

o Caad
B o Yolatel

the tackground concantzdens.

RESULTS

Bariv=

The arnaiysis of the 1-Czy expeswre samzles
showed that all of the ground-water-filed vessels
contzining ripe secsons had agueous Sa concen-
sztons that were signifcandy greater than thatof
the comoci; however, all of the values were low
(Tatle 3a). The subsecuent exposure pesiods do
not follow this partern but instead estabiished that
€5 316 was the only material that consistently
contiouted significant levels of Sa to the soluten
relztive to the other samples and the contols (Fig.
12). The average incease in agueous concentation
for the ground water exposed to 88316 was abou
70% comzared to the conzol. After S days of expo-
sure, ground water In contact with S5 316 devel-
oped agueous 32 concenirations that exceeded 1%
of the érinking water quality level established by
the ZF.A. None of the other well casings tested
produced acueous 32 concenTaions that exceeded
1% of the ZF A drinldng water quality citerien or
were signifcanty diZferent Zom the contol after
the iniZal expesure period.

Cadmivz

We éid not wse ANOVA with Cd since the
majerity of concentaticns determined were below
the MDL (4ppendix A). After 1 day of exposuse,
both ground-watersolutons containing S5316 and
PVC khaé agueous Cd thatexceeded 1% of the EPA
drinldng water quality level

Figure it shows the average Cd concenasons
determined for the control and well casings. It
appeass tha:Cdisinidallyreleased SemSS3i6and

Chremivm

Seycnc the 1-day exposire, the anaivsis consis-
tendy demcnsiTated that soth stainless steel well
casingscenmituted signifcanily greater quanss
of Crto the ground waler than the cemzol or the
other Tiatezialc tested (Talle 32). These metal weil
casings, aeng with FVC, inceased C concenma-
Hons in :he ground water adove 1% of the =94
drinkingwater qualin-level (Fig. lc). Theextenic
the C- ceniazinaden coming rom the PVC was
threeto Sve imeslessthan thatcozming Somthe 82
304, which usually showed the Righest average
contacinazen fora given exposure period, the ex-
cepZon Teing the mizZal exposure period.

The ANCV A and LST tesis fallec to Clstinguieh
any cifference Terween the mmaterials for the 1-cay
expeosure Seczuse of the large variaton ameng the
the three 33314 samzles. f S3 316 isremoved, the
anzlvsis shows Soth FVC and $5 304 to canminut
sigrificandy greater cuznzizes of Crto the ground
water than do the cenzol and Firz. The only
material izt showed 2 consisient end was SS3504
(Fig. 1c), which cezted inceasing concentraton
of Co with Sme. Throughout the experizient there
was no significant difference for Cr Serween the
contzel and the PTrz well casing.

Lead

The fost nwo expesure seriods showed FVC
leach the greatest amount of Fo and to be signifi-
cantly different Somthecenmeland Fir= Thetwo
longest expesure pericds shewed that S5 3C4
leached the greatestamount of 5 to grownd water;
however, (he levels observed in soludon for SS304
were only stassgcally éifferent Tomtherestfor the
40-Cay exzesure pesiod (Tatle 3¢). The average
levels obtzined for both of the stain]ess steels and
forFVCeonsistently exceecded 1 % of the TP A &-iik-
ing water guality standasd (Fig. 1€).

The most disdncsve tend was the decease :n
Pb with inceasing £me of expesire for FVC Fig.
1d). 3oth stainless steel well casings showed slight
deceases in Pb levels after agueous concenaton

“maxiia were obtained. The 3 that was injdally

released was rescrbed by the FVC and stainjess
steel well czsings. Thrcughout the experizient, there
was ne significant difference ameng thecontol, §5

———
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Figure 1 (cont’a).

Copper

The stafistical analysis distinguished S5 316 2s
the only material that contibuted significantly nere
Cu when exposed to ground water than the other
materials tested (Table 3d). Aqueous concenta-
tions exceeded 80 pg/L for S5 316 versus about 10
pg/L for the other materials and the control

Both PTFE and FVC well casing showed a gen-
eral end of deceasing Cu with inceasing tme of

:re and oen showed concentrations below

the contal (Fig le). This rend, along with the lack
of any end with respect to the control, dezon-
strates that these two plastic pipes provided the
substrate for sorpdcn.

Arsenic, mercury, selenium and silver

The determinations for As, g, Seand Ag were
not statistically analyzed beczuse the majosity of
the concentratiors were at or Selcw the established
MDLs. Based on the analysis methods employed,
none of the well casings consistently contibuted
As, Hg or Ag above 1% or Se 2bove 2% of the EPA
drinking water quality level

DISCUSSION

Ground water was collected o= 2 domestc
well system and stared in sezled 2-L glass botdes



for zzproxdmately 13 hows £ricr lo being mans-
fecred into test jzrs. Ground water collected intid
‘zshicn is zerzied at the fzucet and expesed to an
cxyvgen-ich envirenment every te the lid of the
container is removed. Handling the ground water
in this mznner mest lkely chianged the exicaden
potencal, faclitating oxication reacdons (Stum
and Morgzn 1970). We made no artexmpt to simiz-
late the matural sround-water redox state or to
quansttazvely assess the chezical equilibria that
exdisted cusing the cousse of this experizient.
There was visile rust on 11 of 24 secSens of the
stainless steel pipes (Tzble 4). Zach pipe secZon
was caref:ly exa=ined prior to submersion and
z%er remeval Fom the cwound water. [n this ex-
periment and In a previous one (Hewint 19€6),
oxiézSon cn the stzinless steel was predo=inand
found cnshewall Fexddztdon is providing sites fer
sorpEon or relezase mechanisTs, then the feshl
cat surfaces were most Lkely not a mzjor fzctor in
the behavior of these hwo materials. Fresh surfaces
on the PVC pipe is not an experimental arfact
since FVC well sceen is mace by slotting the pize.
It was zzzzrent Som the values Ceterined for
the conizol semples that the three 2-L class bortles
used to Samspart the ground water had diferent

Ll

concentrasions of agueous Cu (Arpendix 2). The
range of acuecus Cu cencenmasicns most Lkely
reflecitheresidence imecfthegrownd waleriniie

-
—-—
o -

househoic and well plumbing, Three distne poz-
watons of C concent-ation were determined fer
the contels at the 32% conicence level (X| =
5.850.0,n=4X,=1032022,n=5 X, =16.022.0,
= 3). Differences between acjacent mean concex-
ations wese established by !esting against the
maximum vasiance determined for all of popuia-
tons (le, X,X, and sza)'

The gooups established Ty the three Cu popula-
Hons were then tesied to CeterTine if any of the
other metzls found above its MDL were also sig-
nificandy different. Table 3 presenis the averzges
and standard deviadons forthemetal goups Sased
on the Cu populations for the controis. Crly >
shows the same inceasing mean concenTzien
trend as the Cu groupings; however, the averages
for the adjacent Pb groups were not significandy
different at the 95% or even the 80% confidence
level when analyzed in the sazme anneras the Caz
populations. This analysis estadishes that only Ca
was signifcantly influenced by the sample Srepa-
ration procedure. Mixdng the ground water Sox
the three collection bortles wouid have eliminated

Table 4. Physical state of stainless steel pipes afier exposure to

ground water,

Sec:ion

1 2 3 4 5

$534 WR WR
5316 — — — — =}R

7 8 9 10 1 12
— WR WR IR WR WR WR
- = = - —- = =

XzY:

WR = rast on wail; ZR = mst on edge; dash means no must.

Table 3. Average metal concentrations for the controls
based on the groups established by the Ca populations

(ug/L).

Populations . Cu cr Pb As Sa
1 Avg. o5 =2 a1 035 52
Std Dev. 00 a1 (s Ko 0.134 0.82

2 Avg. 103 .20 025 0.+8 L
Std. Dev. 019 032 01N 0.00 029

3 Avg. 160° 022 038 048 55
S5td Dev. 0.0 0.021 0.0s8 0.00 0S5

* Stadstically different at the 99% confidence Jevel



Tzble 5. Summary of resuils.

cd . C: Zh Cu

Matennis thatiesghed 215 of

ing water gusiiny

- level in ground-waier solustions. s 35

Matesial that showed the
highest average overzl] zmount

of anaiyie leached €8 316

€S 216 85304 S83°4  NA*
€2 3216 NG
hatley 852316

€536 S$5334 88304 SRl

* Soes not az?lv.

svhic a—=f3ce. Thelevel of Culeached TomtheSS 31

far oxceaded thedifference terveentheestabiished
popwlzticns.

The recults of this study suzTort our previcus
work (Sewitt 1980) showing that FTrz is the least
seac=ve mzterizl, whereas doth PVC and stainless
steel well casings influence aqueous concenta-
Sons of metzis in laboratery ground-water solu-
Soms. Asin the Sost study, the variance ameng the
stainless steel rezlicates was often the greatest,
incdicasng that this material is susceptitle to sro-
ducng raadem exor. 3ot sracies found that €S
316 and FVC leack and sers Cd; inacddidon, these
swo matesials, along with S5 304, sorb Pb. Stucies
in the A:fure should be conducied under anoxic
conditons o seeif cxidaden of the stainless steells
simply an arifact of these experiments. f corresion
of stainless steel is absent under reducng condi-
Sons, then we =ight expect less random variaton
and less of an iluence cn the Jetal analytes =n
gound-water saludons.

A su=mary of the resulis (Tadble6) dlearly shows
that the stzinJess steels were the greatest sources of
contzminadon uncer these experimiental condi-
Hons. When FVC Jeached metals b, Cr and Cq)
that exceeded 1% of the =7 A drinking water qual-
Ry spec3cations into soluzen, there was alwaysa
end shewing a decease in concentration with
Hme of expeswre. This would suggest wdhat the
Jeaching of Pb, Cr and Cd Som PVC is a suriace
process and is small Most Ekely the inidal release
could be deceased by more extensive cleaning
before the pipes are used. The same statement does
not apyly to the stzinless steel weil casings. In the
cases of Jeached Cu Sox S5 316 and leached C&r
from S5 304, the conceniatons of these metals con-
Enually inceased with Sme over 40 days. Jtis pos-
sible shat stainless steels cowld supply these ana-
lytes to ground water cveran extended peziod of
tme, perhaps the encoe e of De casing.

Amcng the four npes of wel casings lested,

PTFE was the enly material that &id not leach any
of the nine metals exa=uned. The other matesials
tested in this experizient (FVC, $5 304 and S8 31¢

compremised laboratory grownd-water saziTles
by conmitutng analytes of interest (33, Cd, &, Fo
and Cu). Investigatiens wherzorly Tacemetalsare
of interest showld use FI-= deicw the sanwated
zone. PVC would be the appropriate second cicice
since its i=luence on metal analytes a7peass Tre-
Cictatle and small In conzast, the hwo stainjess
steel materials should Te aveided.
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APPENDIX A: LEVELS OF CD, P3, CR, BA AND CU DETERMINED
IN GROUND-WATZR SOLLUTIONS (€7L).

/.A%

ine

Five Acplizste  (dzvs) Numher (o} b Cr 23 Ca
Card 1 1 1 <D* Q.31 021 32 ¢85
Cacsi 2 1 2 <2 Q1 0.19 4. ¢S
Cact 3 1 3 <D Q25 Q.21 4.5 &0
Casl 1 5 4 <D 0.40 0.15 25 3
Ca=i 2 5 5 <D a1 =4 £s 151
Cari 3 5 [ <D 0.1 020 a1 10.1
Casi 1 20 7 <D il =4 &l 141
Casl 2 20 8 <D a3l 02 6.1 ¢S
Cod 3 20 9 <2 g 20 £5 i8S
Ca=t 1 33 10 <D ti2 20 55 161
Cact 2 30 il <D 024 0.20 57 &0

sl 3 +Q 12 <D Q33 024 &3 1£49
Fics 1 1 1 <2 Q.30 .19 2. iCS
Fic= 2 1 ) <D 025 028 &l ¢8
Fics 3 1 3 <D .0 0.19 z 37
Firs 1 5 4 0117 0.50 024 4. £
Firs 2 5 5 <D 033 0.21 t5 g4
rirs 3 5 é <D 0.11 sy | 33 39
Fir= 1 2 7 0117 0.40 021 s 183

e 2 20 8 <D 0.30 Q.16 22 4.9
rrs 3 20 9 <2 055 Q.19 3 4.
P17z 1 30 10 <D 0.11 021 3. 4
Firs 2 40 i1 <D @11 Qs 3 70
Tz 3 30 i2 <D Q.50 .26 22 4
NG 1 1 1 0109 2.29 1.3 7 .4
vC 2 1 2 0.125 .09 1.40 70 €S
rvC 3 1 3 0173 11 1.:5 4.3 8.1
ey 1 3 4 0073 priic ] 1.15 73 &9
VC 2 5 K} Q342 43 130 &4 132
PvC 3 5 ) 0.109 1.57 @51 %} &4
Ve 1 2 7 <D 211 130 €4 119
VG 2 20 8 <D Q.66 1.40 28 {3
7vC 3 20 9 <D 0.34 (1531 4.1 3
el 1 40 10 <D Q.53 1.C8 6.1 43
Ve 2 4 31 <D 0735 1.03 82 3
NG 3 a0 12 <2 Q.65 1.2 5 4.
S5 3 1 1 1 <2 0.3 122 &7 ¢3
S5 34 2 1 2 <D 0S8 1.13 7.0 122
S8 34- -3 1 3 <D 208 245 7.8 2.l
€3 504 1 5 4 <D 138 333 7 €S
e 2 5 5 <D Q.96 s | 82 £0
e 3 5 3 <D 47 348 7 18
e 304 1 20 7 Qes2 C.50 4.36 73 ¢l
S8 3 2 20 8 <D 2 3.57 75 87
85 34 3 20 9 <D 4.98 .59 7 I8
SS 34 1 4 10 <D 257 5.10 &7 €l
_SS 4 2 30 11 <D 1.47 456 (X} 4
€5 304 3 40 12 <D 153 573 7.9 159
&S 316 1 1 1 2629 0.41 1.48 70 =
€5 316 2 b 2 0209 0.60 129 7 335
€8 316 3 1 3 0926 120 1536 87 «KS
88316 1 5 4 0217 Q.96 181 835 kv
€L 316 2 5 5 2930 230 1.69 115 kv
§5316 3 s [ 0.451 055 1.56 8.5 829
85 316 1 20 7 0.32% 1.50 3.45 123 122
S5 16 2 - 20 s 0.376 0.76 96 83 L
gs 316 3 2 9 0326 075 50 123 &8
€5 316 1 40 10 0247 0.67 3.2 11.5 73
g5 316 2 40 1 0384 s 1.4 $.0 772
£S5 316 3 40 32 Q209 256 245 o8 73
® Lass than MDLL
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Influence of Casing Materials on Trace-Level
Chemicals in Well Water

by Louise V. Parker, Alen D. Hewint, and Tromas = Jerkins

Abstract :
Tour weil casing materials — peiyvinyl chlorice (PVC). pelyietraflucroethyisns (PIr =), znd siziniscs sizel 304
(SS 3¢+) aad 316 (SS 3:16) — were exzmined 10 determine iheir suitzility for momitering incrganic and grgenic

concutuests in well waien

The ingrgznic siucy used a fac rial design 10 test the effect of camesmirzica of mixad metals (zrsenic [Ag),

mours.

sclution. For the other casings, cnanges in znalie conecentr

c
chrormivm [C], ead [P5), 2nd czdmivm (Cd)), pE. 2nd organic czroen. Samzie tmes were 0.5, 4, 8, 24, 2nd 7
Exczzt for slow less of ?5, PTFE weil czsings had no significant efect on the cencentration of metzls in

“~ 4

aticn ofien exceeded 10 percent in eight hours or less

and. 1hus. could mizs analyses of samples tzken from wells construcied with these mzterizls. Specifically, PVC ezsings

-l

corsed FY zad jeacaed Cd: SS 316 casings sorbed As and PY znd lszched C2: 2nd SS 304 casings serbed As, Cr

o -

226 7% 2ac leachad Cd. Soth stziniess siee] casing —zterizis showed mzrkedly socrer perfermance thad the PVC cas-

-——-

o

The weil casings were also iested for sorption/Cesorption of 10 orgazic sulsizness #-cm the follewing clzsses:

chjorinziad zikenas, chlorinated zromatics, aiirozromatics and nitrzmizes. Samyple tmes were 0, 1, 8, 24, 2nd 72

nouss, seves dzys. and six weeks. There were 20 detecabie Josses of 2nalyies i any of the sampie solutions containing

szinless sieel well casings. Significznt Joss of some ax

alytes was observed in szmple soiutions contzining slastic

cesings, although Josses were always more rapid with the PTTE casings haz wiild PVC. Calorinated organic suosizness
wese Jest mest rzgicly. For samples contzining PTF = casings, Jesses of seme of these compounds wers rz7id sacugh

G

(>10 peseantin eight houre) 1o be of concera for ground water sonitaring. Losses of hydroghotic erganic consutuent
comtzining PTTE casings were corelated with the cempound’s ociznoltwaler panition coelicient

in samples coatainn

[

Introduction

The U.S. Savironmental Protection Ageacy’s
(E?As) RCRA Ground Water Monitoring Techrical
E=~forcemest Guidance Document (TEGD) (US.ZPA
198€a) siates that ozly flucrocarbon resins or siziniess
steal (SS) casings should be used for monitoring volatle
organics i the saturated zone. The origizal draft-of thi
documest (U.S. EPA 19€5) suggesied that Tedon? or
stainless stesl 304 be used for all ground water monitor-
ing at RCRA sites. The EPA was concerned that many
of the casing materials vsed for gound water moniter-
ing could either z#ect the quality of the ground water
or ¢id sot ave the Jong-term siructural characterisics
required of RCRA monitoring wells. With respect 10
he SPAS S5t ccacern, a review of the literature pub-
lished sricr 10 1586 cid aot reveal substantial evidence
1o support the pesiion takea by the EPA in either edi-
Gon of this docament (Parker et al 1989).

Few studies have specifically addressed the possidie
intesacsiozs berwesa well casing materials and metal
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se significast (Sicholz et al. 1965, Robertson 1968, Sat-
ley 2nd Garcner 1977, and Masse et al. 1981). Ia one
study of PVC well casings, there was negiigiole Joss of
ciromium Sut large josses of Jead fom a deionized
water solutica (Miller 1982). Otaer studies wita PyTex
glass and polvertylene also fouad tat Jead was the most
rzpidly lost azziyvte (Shendrikar et al 1976). Zarcsiona
and Helfrick (1986) compared the concenrratons of
several mezal species in samples tzken fom adjacent
PVC, PTF=, and SS wells. They found increased levels
of iron in waier samples oz the noa-purged SS well
10 be the ozly siatistically significant ciffereace. In 2
previous ia situ study by Houghton and Berger (1984),
a stzel-cased weil zppeared to Jeach 3 aumber of metal
spedies, including rez, cadmium, chromjum, coppen
manganese, mclyddezum, selenium, aad zise, when
compared with a PVC well aad one cezstucied of acy-
Jozitrile-butadisne-syTene (A3S).

Sorptics of crgazic solutes by well casing materials
bas Desa resomed is several publicaticzs. Miller (1982)
vactad DU wall rociemn Cap emrmeimm ‘Af *=are 1pysle (J-



form. iricaicreflucromeihzne. richioroethylene, 1.1.1-
=icmloroeihzne, 1.3 2-trickloroetiene, and ietracticro-
thvlene) in zguecus s iusion end found siow Josses of

ietrachicroainviene (25-30 pereen -'n six weaks).

R-\.,--:s zad Giilkam (1986) e
PITE= mzienzie for scrpiion of irace
hzloec..c 124 orgzaics. They found rapid so
tetrachleroetiviene by PTTE, slow sorgtion of 1.1.1-
irickloroethzae, 1..2.2-.31 ac::loroc'.hane znd hexa-
chloroethzne. zad no sorption of Sremoform. They zlso
found siew sersten of zll the znalyiss exceptirichleroe-
ihzne by PVC While 30 percent of the teirachloroe-
thylene wzs sorsed by the PVCin Jve wesks. the same
2mount was scrsed by FTr= in cxzly eight hours. They
21tribuied loss of ihese orgenics ig zdsorption and cc\'cl-
oped a model whers ...zke of ike compound procaed
by sorpticascissolnicn into the pelymer surlacs, fol-
jowed 2y giffusion into the polymer mairix. However,
Reyvnoids zad Cilhem (1968) ccuid ncot predict which
organic chemiczis were most susceztidle 1o absorption.

Svkes et al. (1986) comgzred sorpticn of several
orgznics by PVC, §S, 2nd PTT = well casings. The casing
mzlerizis were squilibrated for seven days (S C) in zna-
Ivie sojutien. ;I:C-d in fresh znalyie soluden. 2nd thea
tesied for icsses due 10 sorpuicn ziier ene and 24 houss.
Afer 24 hours they did a0t {ind zny significznt losses
for zny of ihe casing materials.

While these siudies inciczte that serption of some
organics may be 2 significant problem for plastic casings
over the long term, only the stucy by Miller (1982)
examined desorption during the {irst two weseks. In that

study, he obsexy cd same dcso—puon (2S£ percant) of the
.c':ac“]oroclh) lese that had beean zreviously sorbed by
the PVC casings.

Casing materials may 2lso Jeac a varjery of orgaaic
substznces. Iz ~wo studies (Miller 1982, Parker and Jenk-
i=s 1986), znalytical interferencesizJeactates fom PVC
well czsings were sought but none were found. Curran
and Tomsoa (1983) also examined the leachates rom
five plastics, including PVC 2nd PT7T =. They found that
PTFE Jeached the fewest contzminants and that non-
glued PVC wes a clese second. While it is possible that
organic substzncss such 2s Jubricants used during manu-
facture or inks from pristing couid jeach frorm stzinless
or plastic casings, no information curreatly available in
the Lterarure condirms this.

It is interesting 10 note that despite the literature
that is available regarding sorption of organics by PTT E,
articles have receatly been published that claim it is
superior for sampling organic sutsiancss (e.g., Bryden
and Smith 1589).

The purpose of the studies concuctied by the authers
wa2s 10 Getermine the suitability of Jour well <=si-:g mate-

rials (PVC, PTFZ, SS3(4, and SS316) for mexitoring
inorganic znd organic solutes in grouad water. To do
this, two segarate studies were conducied, one for inor-

ganics and cne for organics.

General Comments on ihe Inorganic and
Organic Studies

Twg-inex (inner) cizmeter well czsings manulace
tured speciiczily g nit
used iz zil studies. Thas )
ficzlly for 1he stucies and were stored i by
room grior 10 use. Preczuicons wers izkex while the
casin zs wers being cut 1o grevent coatzmizziica fom
grease, dirt, oil. solvents. and excessive hzacling. The
ground water used in ihe siudies was obtained rom a
domestic well (229 fes1 [7€m] deep) in Weathersield,
Vermont No attempt was made 1o mzintain e native
dissolved cxvgen Jevel. As a genera] guideline for aval-
uzling cur resuits. we cansidered any change in caneen-
tration (relziive 1o ihe conirol szm;zcs) of 10 perzen
in zn eight-hour period 10 ¢ 1he maximum change aler-
able.

Inorganic Study
Experimental

Mixed me:zl soluticas were pregpared 2y ¢
ground water with arsezic (As), cadmium (C2), ¢
mium (Cr) znd lead (Fb) at two concaatrations: ..O 4.‘d
100 pe/L (528) for As, Cr,and PY,end 10 2nd 2 gL
for Cd. The higher concentrations are the curment maxi-
mum conc:n:raxio-x Ixrr.:'.s set by the 224 for drinking
water (U.S. ZPA 1886h). Prior to treziment, the Found
water used in lh.s stugy was cﬂg]\'Z d azd feuzd 0
contain no detecizble zmounts of any of these metls
at the seasitivity levels used for znalysis. To simuiate 2
wider range of ground waier conditions, the tesis were
run at the natural pH (7.8) of the well water Zlus a
Jower 2H (5.8) and at two Jevels of organic carbon. FQ
(rczoc'u grade) was addad o lower the pH aad Smg'L
(ppm) of stmic acid was sdded 1o raise the orgenic
carbon conient. A compieie (27) factorial experiment
was used 10 test the effect of these treaiments (concen-
tration of metals, pH 3nd organic carbon centent)
(Table 1).

Beczuse the wall thicknesses varied betwesn the
plastic and the two stziniess steel casings. the casings

;k'g

TABLE1 '
Matrix Design for Inorganic Study

Test Metal Organic Carbon

Condition Concentrations’ pH Added?

1 higch 7.8 ne
2 high 7.8 ves
3 high 38 no
4 high 28 ves
5 low 7.8 no
] low 7.8 ves
7 low 5.8 no
8 Jow 58 . ves

' Migh metal eancentrations werz 50 ugl As Co, PY. and 10 gl C2
Low mezal concemirations were 10 u.;". AL G Phand T upl C&
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wers 21 10 Gifferent lengins 0 1 al the surfzce area of
ezch wzs consiznt (80 cm)- C..l scc‘io*s were :i::sc:i
with daienized waier znd zir-Cried befere use. Indivic-
zzl wel] casings were hen placed in 123m «oh—-'-
svisse jers comizining | 0= L. of 1est solutien: ‘1: 33e]
of cmnz surfzce zrea 10 2GueoLs volume was 0.82 e
mL Simiiarjarsthat contzined the test solutions without
-2ny casings were used for control sa-uples. The samtie
vessels wers coversd, stored at 24 C and kept frem
natural light Duplicates were 7un for each combinzticn
of variables and each casing material
Szmple aliquots (2.5mL) wese 1zken from each can-
ziner 2ker 0.5, 4, 8 24, 2nd 72 hours. The aliquots wers
ac.d in cleag 7.5mL po!vezh\lcﬁe vials and aaidified
t0 2 oH of less than 1 with aitric acid 10 prevent sorptica
by the contziners. \etz] concanirations were obtained
bv grapkite fumnace atomic absorslion speciroscary
(P:.'}..n .Elmer. model 703 zlomic absorplion specire-
'*Hotonet:' coupled with 2 FE modcl 3200 hesaied
zphitle no....zc*) The concantrations of metzls given
m lh.s study were measured 25 total
The metal concentrztions were normalized ty divic-

“l')"

P

icms 10

(ANCVA)L T oF

for e aifec cf seluie conesniration. 3H anc
carmcn zt 23c3 sampie time for ezch casing maiemal I

z casing sxamed no influence on anaiyte conesn czticn,
the expecied velue would be ! .00. An increzse in the
rziio indicsiss that the well casing reieased metzl into
the solutica, while a decrease in the rztic indicates that
m=12] was sorbed by the casing.

Results and Discussions

Azpreximately half of the siziziess siee] casings
<1cv-'d sigms of surface rust. In some cases (SS 3i6 zt
aiew ;.-:), sufficient oxidziien ocsurred to erm 2
h}'d:c"s irea cxide precipitzie. This precipiizie was
never <c-vc~ in Ihc ccnhcl scu.'*“s or ihese with
PVC or PTFS czsings. While 1he 2utdor rezlize that
rusting of the stainjess casings is very conditien-speciile,
the test cancitions should be generzily reprasent ziive
of shzliow weils. Also, it was aoticed that the casings
rad musied some during siorage prior 10 zny lesting.

ing the valuss obtained for szample solutions 1hat cen- Tzble I gives the normalized mezn values znd stza-
1zined well casings by the vzlues found for eguivzlent Gard deviziions for e2ch znzlvie, well casing and lime.
, TABLE 2 .
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 Value Deriation Value Deriation alue Deviation Value Deviation
05 FVC 0.9%1 = 0.058 1.01 = 0.025 131 = 0.018 0.999 = 0.009
rir= 0.999 = 0.0s0 1.01 = 0.011 101 = 0.007 1.00 = 0.025
SS34 0.997 = 0.057 1.06 = Q.Cc36 101 = 0.036 102 = 0.008
SS3i6 0.994 = 0.0=0 1.04 = 0.021 182 = 0.015 1.1 = 0.c2s
, <0 FveC 1.02 = 0.045 115 = Q.cz7 0.299 = 0.013 0.889 = 0.C30
7Ir= 0.9¢3 = 0.052 1.03 = 0.c54 101 = 0.011 0.974 = 0.c:8
SS304 0.978 = 0.063 117 = 0.35 0.557 = 0.037 0.784 = 0.c35
SS316 0.9¢5 = 0.060 124 = .29 05831 = 0.052 0.8C3 = 0.077
&0 PVC 1.00 = 0.0+5 115 = 0.037 1.0 = 0.014 0.863 = 0.c35
PIT= 101 = 0.098 1.03 = 0.C:4 0.589 = 0.01¢ 0.585 = 0.032
SS304 0.962 = 0.057 116 = 0.:¢ 0.572 = 0.16 0.699 = 0.031
SS316 0.%45 = 0.068 130 = 0.47 0.872 = Q.10 0.504 = 0.:0
40 ?PVC 1994 = 0.064 116 = 0.ce5 1.0 = 0.016 0.8C8 = 0.ca
PIr= 0992 = 0.054 1.03 = 0.017 101 = 0.024 851 = 0.0:0
SS304 0.8%4 = 0.051 112 = 0.12 183 = 037 $38 = 0.042
§S316 0.853 = 0.080 136 = 0.68 0.855 = 0.11 0.793 = 0.:9
720 PVC 1.03 = 0.046 1.4 = 0.029 101 = 0.018 0743 = .04
PTr= 102 = 0.045 1.2 = c.cz= .40 = 0.013 0.299 = 0..4
SS304 0291 = 0.084 1.03 = Q.:4 123 = 0.42 0482 = 0.041
SS316 0.874 = 0.083 125 = C.4% Q.E36 = 0.c09 0720 = Q.17

1 (Cancentration for sampies widd asing)
s Normalized mean value

e e emriom (ar cOBITOl SAMDIES)
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Figure L Trends in Dean arsenic conceatration for four well
a@sing roaterials.

Ia generzl, there was 50 chznge in arsenic ccneeniraiion
for the szmpie selutions contzining either the PVCoor
PTFE casings uring the 72-hour test period (Figure 1),
and no consisient zatiern of effects was evident from
the ANOVA. Therezson As did not interact with these
czsings may ¢ Decause As exisis in natural walers in
the anionic form (Fowler et al. 1979). Masse 2t 2l (1981)
found ihzt znions do aot strongly zssocizte with plastic
(polyeihylene zad PTFZ) surfaces, whick 2re known for,
their cztion axchznge capacity. The samgples containiang
the stainless sie2! casings, on the other ha2ad. shewed a
10 perzent decrease in aqueous arsenic concantration
relative 10 the controls zfter 24 hours (Figure 1). It
appezrs that there was no further jess of this anzlyte
aZer -4 hours. Although these results cznnot be used
10 predict exacly what lesses might occur under field
conditons. it is oubtful that this Joss was rzzid enougl
to impac: water guality measurements (lesses were jess
than 10 percant zfter eight houss).

The resulis fer Cd are quite different. Afer only
four hours, Cd canceatrations in the sampies containing
PVC 2nd sizinless stesl casings had increased by more
than 10 percent (Figure 2), with the mest Jeackhing occus-
ring in the sampies containing the SS 216 casings. Cad-
mium mazy have Seea added to the PVC 25 2 UV stabi-
lizer (Wiison 2t al. 1982), znd may bave Deex added 10
the sizinless sie2l to enhance resistance to chloride
cracking (Sedricks 1979). The concentration of Cd ia
tbe samples contzining PVC casings leveled off after
eight hours. ANQVA revealed that pH 2ad 2 significant
effect (at the 95 percent confidencs Jevel) for this casing.
Although the same 2moust of Cd leached in 2ll the
samgles (appreximately 0.5 mg/L), cozceatration was
also significant (at the 9§ percent confidezcs level), but
only because relztvely more was leachsd i the Jow-
conceatrztion szmples. Concentraticns i3 samyles coa-
t2ining SS 304 casings decreased after eight howss and
after 72 hours bad returned 1o the same Jevels that were
found iz the control samples. Again, more Cd Jeached
in the Jow pH samples. Cd was leached mest rzpidly in
camples eontaizing SS 316 casings. There was a large
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Figure 2 Treads in mean odmium concentration for fowr well
asing materials.
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Figure 3 Trends in mean chromijum concentration for four
well casing materials, :

ples that contained sizinless steel casings. Wild the
exception of the frst set of samples (1= 05 hr), the
relative standard deviatcns ranged from 12 10 15 per-
ceat for samples containing SS 304 and from 47 10
68 perceat for these containing SS 316. In contrast, the
standard deviaticns for samples containing PVC and

" PTFE casings were consistently below § percent.-

Because the variance ia the samples containing SS 316
was so large, there w2s no consisteat detectable effect
of pH for these casings. However, surface oxidation
appeared 1o be the =ajor source of this variance. With
respect 10 the Jeaching of metal stabilizers from pPVC
pipes, the literarure indicates that Joss cza be 3 surlacs
phenomesca that caz be reduced or eliminated by either
washing (with detergest) or sozking in dilute =iseral
acid before use (Packhama 1571). It may be that the Joss
of C4 from PVC casings can also be reduced by a similar
treatmest, although we did a0t test this possibility.

- There »2s £o measurable sorption of chromium by




of interzciica witd ihe plasiic casings may De cuz o

chromivm soeciation. In solutica, CRrOmILM exisis pra-
gominzmtly as Sicaromaie endciiomale (Cra0-5.CA5)
zad. 28 maniicnad sreviously anicns are nol as iitkely
10 exchznge Wt j- sizstic surfzcas. However jess of <iro-
pc""“! zfter 2ight hours)
for SS 316 casing material 1o be of conezmn .’or ground
wzier Toni c... . T"<<cs were greater ats h nigher gH;
Cr speciztion s known 10 be aifected By v oH znd may
be respornsitie {or some of these Gi#ferences. Surface
oxidatica was greater &t the lower pH. which likely
contrizuted 1013 ‘arccr\ar-amht\' -‘~.‘so for those sam-
pleswherea oy érous iron exide sracipiizie was formed,
co-“""‘""‘:c.. mav have contrizuted 10 the Jesses from

Vil —aemwebtlh

solutien. A czin. the sizncard deviziions were consider-

zbly gozzter oy e samrles cc.’:tzmmz 1he siainjess

mium was rzoié ancug '1 (

sies] cagings. Humic zcids apparently increzsed ihe sia-
bility of aguacus Cr. perhiaps 2y acu nz complexing
zgeat (Siuvmm and Morgzn 19/Cr<)

Lzzd was 2y fzr the most aciively sorbed melal spe-
Ges. While 2!l szmpie solutions coniaining czsing mate-
rzis showed same Jogs of Ph with time (F_~ 7e2),PTr=
was the jeast zcive surface 2nd SS 204 was the moest
zcuive. The icsses for <.«.nple< comizining PTTE casings
do a0t zzpear 10 3¢ of concara wiih respect 10 ground

-sier menitcring: losses were only 5 percent zfier

=1 hours. However, Josses for szmples comizining PVC
2nd sizinjess casings are of concarn: icsses were 10 per-

cast zier eniy four hours in ide sa:‘.:les comtzining

ngs ng siainless
casings. Alihough less was inir’ail_\' rapxd in sampies
containing SS 316 casings, it leveled off zfter eight hours.
The stzacard deviaticn was higher for the sampies con-
tzining SS 31§ casings ihan for the other casings. For
Yol sizizless siesl casings, there wes less sorgtion of
PY at ihe lower pH where hydrogea iens may have
campeted for scrption sites. Addad humic material 2p-
tzreatly acied 25 2 complexing 2gent in solution. making
lcgc less srane o sorption. Concsatration kad no consis-
tent -“-"t. :

" Undoubtecly, there were shifis in the chemical equi-
Iibri2 of the well water solutions from the time the well
water wzs coilected until the end of the cxpc'r-xc-u.
Ground watsr 15at 's removed frem zn znexic exviron-
ment 2nd exposed 10 oxygen-rich zir may undergoredex
and prec Jpxtanon -esciions (Stumm and Morgan 1970Db).
Also, Jowering ihe pH shifts the carbornate cquufonun
in solution from predominantly bicarbonate species
1oward earbon éicxide (Manahzn 1972) and causes shifts
inC spc:-aaon. Clearly, such changes would alter the
trace meial r:-ce< d1<h ibution. These pessitle changes
were 10t menit in this cxpc'mc:

For funmher detzils on this portion of the study, refer

10 Hewiin (1885).

PVC casings znd 20 percent in these contain

Organic Study

Experimental
The four well casing materials were zliso tested for

sorprioz/descrption of low levels of 10 organic sub-
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Figure 4. Trends in meao lead concentration for four weil aas-
ing materials,

(mimitenng=~a=
6 ssadte Wi wisamman

initro-1.3.5irizzine (R .X).
(T’.\:), gs- 2and rans-12-
TDCE), =-nitrotoluens
(TCE), c=lorobenzene G : ]
dichlorasenzene (ODC3. FDC3. MDCE). The criteria

used for seiscting these znaiyies induc’:d Seingzz ZFA

priority poilutant, moiecular siry
water, X .. value, znd retaziion '.:':::: (using reversed-
phase higk performancs liguid caromzaiegrashy =rL
znalvsis). SPLC zna }SI f"'c ground weier used

these siudiss revezled 2 scizbje Jevels of any of
these sucsizness.
For these experiments, czsings were cut into 11-10

l4mm-lorg scc:ions. whics wers thea ¢zt int0 quaness.

Again, the Jength was varisd so that the surface zrea
could be maintzined consizat Tae casings were wasied
in solutions of detergent zad deionized wzier, rinsed
mapy times with deiomized waier, draized zad let 10
air dry. Two piecss of sach iype of casing wers :Sac-..
in 40mL giass vizls that were Illed wit3 i5e acuecus
test solutica so there was 20 head spacs, nd capped
with Tefles-lined plasiic caps Viais with 1est solut
but no well casing maiesial served 2s convols. T:c.
controls zllowed us 10 eliminate any effecis suck asthese

Py

that might be due 10 the vizls or caps. Tae r2tio of casin
surface zrea to solutica veivme was 0.79 <z¥/mL. Tae
ratio of sclution volume ¢ volume of casing =aterizl
was appreximately 1G:1.

In the Srst experiment, iBe test solution was zre-
pared by zdding kncwa zzounts of cac': of the argamic
solutes duecﬂ) 1022 L of well water iz a glass-sioppered
borttle, which was stirzed cverzight. The S=zal copesatia-
tion was 2pproximately 2 mg/L for eaca crgzaicceasiiu-
ent The solution zlso costaized 40 =gl of HgCl,

which was added 10 prevent biodcz:ad-'io:: of ke

organics. Separate vials wers srepared for sach samzie
time so that the 1est solutics couid De discarded 2ner
sampling; there wers (irse .'"‘1 a1e szmyples for eacs
material 2nd tume. Contac umes wers J SouTs, ¢ns
bour, eight hours, 24 bours, 72 hours (ree days), i€
hours (sevea days), and apzreximately 1020 houss {six
weeks).

P
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TABLE 3
Normalized® Average Concentrations of Organic Analytes for the Four Well Casings with Time

Analyte Treatment 1 Bour 8 Hows 24 Hours 72 Hours 168 Hours 1000 Hours
ROX PTFE 1.03 1.00 1.00 1.02 0.1 0.99
PVC 1.01 1.00 Q.08 1.00 1.02 1.00
$5304 0.9 0.99 1.01 1.02 1.10 0.58
§S316 .00 0.99 1.01 1.02 111 1.00
N3 PIFE 1.01 1.00 1.00 .98 0.5 1.01
PVC 1.01 1.00 0.98 1.02 1.01 1.02
SS304 0.9 1.00 1.00 1.05 1.07 1.00
§S316 1.2 0.9 1.01 1.07 1.06 1.02
CiDCE PTFE 1.01 C.96* 0.96* 0.94 0.o1° 0.79*
PVC 1.00 0.99 0.55* 0.96 0.95 0.9
§S304 0.87 1.00 1.00 0.96 1.04 0.88
§S316 0.95 0.99 1.00 1.01 0.98 0.99
TI2DCE  ?PTF= 1.00 0.92° 0.88° 0.83 0.66 0.36*
PVC 1.00 0.58 0.83* 1.06 0.83 0.83
SS304 0.95° 1.00 1.00 0.95 111 1.09
, 5316 1.00 0.9 1.00 112 1.03 1.00
MNT PTFE 1.03 1.00 0.95 0.99 0.90 0.90°
PVC 1.02 1.00 0.58 1.05 0.9 0.94
$S304 1.00 1.00 1.01 1.00 1.08 1.07
§S336 1.02 1.00 1.02 1.08 1.10 0.99
TC= PTFE 1.00 0.90* 0.85° 0.78° 0.64* 0.20°
PVE 1.01 0.98 0.94" 0.99 0.84° 0.88*
SS304 0.96 1.00 1.01 0.96 1.04 0.99
§S316 1.00 09 1m 1.04 0.98 . 1.00
CcL3 PTFE 1.01 0.3 0.0" 0.85° T30 S1e
* PVC - 101 0.58 0.95" 0.98 0.94* 0.56*
§S304 - 058 1.00 1.00 0.87 1.05 - 0.99
§S316 0.99 . 099 1.01 - 1.04 0.98 0.99
ODC3  PTTE 1.01 0.91* 0.58° 0.51° 0.65° 0.23"
PVC 1.02 0.97* 0.84¢ 0.98 0.63 0.86"
SS304 0.98 .99 1.00 0.99 1.04 1.00
§5316 1.01 0.98* 1.01 1.03 0.98 1.00
PDC3 PTFE 0.92° 0.54° B ri 0.54* Q47" 026"
PVC 0.95 0.05* 0.92* 0.97 . 088 0.80°
SS304 091° 0.98 1.00 0.98 1.02 1.2
§5316 0.94 057" 1.00 1.04 0.57 1.02
MDC3 PTFE 1.00 0.84* 0.78* 0.66* 0.28* 26°
PVC 1.02 0.95* 0.92° 0.57 0.88" 0.80°
SS304 0.9 0.96* 1.00 0.99 1.62 1.02
$s316 1.03 0.96= 1.00 1.04 0.96 1.01

1 Vajues are determined by dividing the ean conceatration of ¢ given anahie at a given time and for 3 particular well casing by the Mean concentration
(for the same anshie) of the contel samples aken at the tame ime. = :
* Values significantly different from conwol values (a = 0.05)




of the (UlChour sampie
the piscas of casing wers rinsed with zpproximately
20mL of frecs weil walerioremove any resicual solutien
adhering 1o 1he surfzces. The casing piecss were hen
slzcad in sew vizis. aad Tesh unspiked well water was
added. The vizls were czzped with new czps ang zllewed
10 equilisrzie for ihres davs. Alicuots wers thes tzken
{rom ihese szmpies and anzlyzed 1o determine if desarp-
tion had ocsurred. :

In the secand experiment 2.0 ¢/L of Na( was zlso
added 10 :5e test solution 1o determine the effect of
inceased jonic srangth on the rates of sorption. Samp-
ling times wers the same excspt ibat the last samples
were tzkea zfter appreximately 1200 hours (seven

et gh performzace liquid chromale-
grapby. A modular system was emploved that consisted
of a Specira Prysics SP 8810 isocratic pump, 2 Dynatech
LC-241 zuteszmpier with a 100-L loop injector. a Spec-
{rz-Physics SP§430 varizbie wavelengih LUV detezior set
a1 210 o, a Sewlen-Packard 2383A digital integrator,
znd 3 Linear model 833 strip chart recorder. Segparations
were obizined on 2 2Scm x 4.6mm (§ wm) LC- 18 column
(Supelca) eiuied with 1.5 mL/min of 82/38 (v/v) metha-
 pol-waier, Saseline sezarziion was achieved for zll 10
znalytes. Detscior response wis obtzined {rom the

reverseg-

digital integrzior operziing in the pezk height mode.
Anzlyticz] grecision raaged fom 0.4 10 3.98 percent, 2s
determined Sy the pocled stzndard deviation of wipli-
cate inital meastremeant

For eac znzlyie znd sample time, 2 one-way zralysis
of varizace (ANCVA) was performed to determine if
the well casing material Bad a significant effect on ana-
Ivie concsztziion. Where significznt dierences were
found, Duscaz's multipie range test wes performed 10
determine which samples were significandy different
frora the contools. .

Before the wo experiments described previously
were performed. a preliminary jeaching study was con-
ducted 10 determine if any substancas that could inter-
fere with the zaalvtical determinations leached from the
casing maierials. For this study, Two pieces of each Hype
of well casizg wers placad in each of twg vials. The vials
were filled with &esh weil water 50 that there was no
headspacs, capped and zlowed to sit for one wesk. Aa
aliquot was tzkes from each vial and apalyzed. No
detectable pezks were observed in any of the samples.

Results and Discussion

The dz:a for the fist experiment are summarized
in Table 3, where the pormalized concentrations for
solutions costaining well casings are given 25 a funclon
* of time. Neither nvpe of sizinless steel casing 2fecied
the copee=tations of azy of the analytes in solutioz.
Howeves, significant joss of solute did ocsur in the solu-
Gons that comtained plastic casings. While the rate of
loss differ=d dramatically from analyte 10 analyte, Josses
were always greater for PTTE thas PVC

For RDX 2ad TN3 where was 10 loss of azalyte

o emlyreiame cantainimo aither mlastic casing, eveld
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2fier 1030 hours.
samyie soluticns that comizined PTr = casi
Jess caly hezzme signiSeznt 2fier 1000 hewr
loss); here was =0 jogs with tne PVC casings. TDCE
w2s Jost much more rezdily insampies ¢
casings thaa was its iscmer zzir, COCE (Figure 5). (Tae
salid lines showm in ihis Sgure znd Figures §-9 were
fted manually.) Figure 6 shews the icsses of TCZ for
the four well casings. Figure 7 sbows the raie of less of
the thres DC3 isomess and CL3 in the samples that
contained PTT = casings. Tae order of Joss was PDC3
znd MDC3 > ODC3 > C1L3. While the rate of less did
not excsed 1Q percest in eight bours for any of the
previous solutes, it is noted that losses of PDC3 aad
MDGC2 wers 16 percast in sight hours and thus wers
rapid ea0ugh 10 Se of concars with respect 1o ground
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Figure 5 Sorption of COCE and TDCE by PTTE well aasings.
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TABLE 4
Results of Desorption Study

Concentration in mg/L after three dave equilibration

S

i

[

|

Casing Material RDX ~NB CDCE TDCE MNT TC=Z CL3 ODC3 PDC3 MDC3
Tedlen ND ND Q.20 0.43 0.075 Q.47 023 0.33 0.:0 033
ND ND 021 Q.45 0.076 0.3 0=3 035 034 038
ND  ND . . 0.074 . . . . .
PVC ND ND 0.079 Q.15 0.0<6 0.34 Q.10 Q.15 0.17 Q.
N2 \D 0.080 0.34 0.0+6 0.:4 0.10 0.15 Q.26 ek
N2 ND 0.080 0.15 0.0<3 Q.13 0.11 0.16 Q.16 0=
» Results not presenied decause of zdcitional Jess of volatiles, sratably resulting from a locse c3p on this al
ND = Not detected
water mozitorizg, For PVC, losses never reached 3 : . . ; .
10 sercant ia eigat dours for any of the organics tested : [ ’
r = - - A I - -
2nd thus 19e zuizcrs Seleve that PV Cis clearly superior st i
10 PTFE for weils where waier samples will de anzhyzed S e -
for orgznic consuiuents. il . |
To determine i the loss of organic solutes wasrevers- P : g
ible, the pieces of casing that had been exposed 10 iest Foarm —l
solution for 1000 Jours were rinsed znd thea exposed E . |
1o fresh well water for thres ézys. Measuratie quantities v - dem \ |
. I rae - [, RN f i . . 1 . ] . 1 . ] 1
of 2l] the orgzzics were recoversd wihere signmificant ° e e pr ren rTy A
T e Inv}

Josses had Dasn observed (Tatie ¢). Taus, loss was due
lo sorption zad was at least paruizally reversicle.
Although ikis experiment did not give us iaformation
on the kineucs of desorpticn, the zmount of anzlyte
desorbed afier thrze days generally paralleled the
amount sorbed. However, PDC3 and MD(C3 were
corbed 10 the grzatest extent while TCZ and TDC=
were desorbed 10 ihe greaiest extent. Therefare, it may
be 15zt diffusics out of the polymer is more rapid for
smaller molecuie

"Ia the second experiment NaCl was added to raise
the chloride conceatration above 1000 mg/L. High chlo-
ride concentrations are known to corrode 304 stzinless
steel. Specifically, tests were performed 10 determine if
rusting would alier the sorpuvity of the stzinless steel
surfaces. It is also pessible that sorption on plastic mate-
sials would chzzge with inceasing jonic streagih of the
test solution.

While additics of NaQl caused rapid rusting of both
stainless stesl casings (<24 br), it did aot cause serpticn
of any of the organic solutes by them. In addition, the
incezsed ionic stoesgth bad no detectable effect on the
rate of sorptics by either plastic casing (for example,
Figures 8 and §). These two figures 2lso demoastrate
the excelleat regroducihility of the results Fom these

TWo experimests.

Modeling the Sorption Process

These orgazic studies clearly dermonsirated tat the
loss of organic chemmicals from solutions expesed to plas-
Yc casing materials is via some reversible sorption pro-
cess. However, it was uncenzin whether this Joss was

Adue 1t coolioa oa the surfacs or wheither there was

Figure & Serpton of TDCE by PTTE well casicgs in the pres-
ence and absence of salt.
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Figure 9. Sorption of MDC3 by PTTE well csings in the pres-
ence and absence of salt.

penetration into the polymer matrix. The rate of sorp-
ton was fouad 10 be sicw, with no establisbed equilib-
rium after Bundreds of hours. One explacaton for this
slow rate was that peaetration into the polymer was
occurring, with the rate controlled by slow diffesion
within the bulk polymer and/cr the rate of peaewation
into the small pores on the polymer surface. If it is
assumed that this is 1be case, the process can be
kinetically modeled by teating the plastic casing 2s 23
imrmiscible liquid phase iz contact witk water aod relat-
ing the degres of panidoning for individual azalytes o
their ocanolfwater parsuon coeffdests (Xoa). While
there are immiscible liguids other than octanol that e
bernter structural models for PTFE or PVC, the Ziest
extezsive callection of pantitios coefScies s is avadadie
for ocianol.



145y ic zesumed (52l sOTpUED IS 3 Taversitle protLs,
Ky

A=, ., (1)
X2

ind is Sret ardar ia Dok irecticns. ihen e rzle eguz-

lics cz= =e wrinen zs (Gouid J%38):

élal]

=k (AL] ke (A 2)

where [A ] is e concantration of sojute A in agueots
soletican. [A,] is the cozceatraticn of solute A in the
piasic w2sing —2teial. zad k, and X; are the first-order
rate comsiznis for sorption 2nd desorpuicn, respectively

Integraticn of e rzle equaticn results in 2 non-
limesr relzzionskiz for Ay 2s a funcion of ume t znd
mwo consiznis & and 5 (Eguation 3), where 2 2nd bare
defined ia Sguetcns 4 2d X

Iz (2{2]-%) | @

o
1]

—
o
Lt

[Ad] (5)

where A, is the initial conceatrzion of solute A in
zqueous soiution.

Optimal values for 2 2ad b were obtained f{or each
solute =xpesed 10 PTTE 2Y zpplicztion of the Gauss-
Newion method of non-linear curve Suting using e
measured concaxtrations at 1. &, 24,72, 128, 2nd 1000
hours (Pzrker et 2l. 1989). Using determined values for
2 znd b, ihe authors simult2nsously solved Equetions
4 2nd 3 for 2ach solute to obtain estimates of Xy and
k.. Secause the process described is assumed 10 be
ceversicie znd Srst order, the rato of ke rate consiaats,
ky/ka, is ihe egquilibrium consiang, Koo
. Whea the eight values of Koq were ploned vs. Log
Ko 5ix of the eight poists appeared 10 {zll on a swraight
line, while the points for MNT and ODC3 did a0t (F-
gure 10). Tae poor fit for MXNT and the lack of significant
sorptica for TN3 and RDX cas be explained by the
teadescy of nitro-containing orgazic mmolecules to form
strong hydrogen boads, which keeps them iz solution.

While oczzacl can be a domer in bydrogea bonding, -

TFE canzot Thus, i the authars predict paritioning
inlo PTFE for taese molecules based on their octanol/
water coeSdests, the amount of sorption for these
nvpes of compounds will be overestimated.

The poor predicticn for ODC3 can be explained by
(he well-documented “ortho effect,” which is 3 complex
combizatica of electronic 2nd sterie interactions that
ofies sesuls ia artho di-substituted aromatic mclecules
Yehavi=g much ¢iffereatly tban the meta- aad para-iso-
mers.

A smijar model predicting e loss of azalyte for
PVC was not ceated because e pereent sorded was
small whea compared with the experimental ervor and
his wouid procduce as unacceptable degres of uncer-
t2i=v i3 Be czlenlaied rate consianis

A oesface it ic concluded 153t for Rvdropbobic
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Figure 10. Carrelation berwesn jog K.. 3nd XK, for solutes
exposed to PTT L casings.

orgznic mclecules izt are ot susject to avd
boncing, 152 relaticnship presenied ia Figere :
used 10 estimate the squilizrivm parutioning of en ana-
lyte betwezn the agquecus phase &3 PTr=. It is
expecied tnat Jeosses in new wells would ocsur for some
time uzntl eguilibrivm with the water is achieved.
While K q will detarmizeile sguiliorivm caneeatra-
tiozos of 22¢3 analvie io the wzieran slasuc phases, it
is the mazgnitude of k; that will determmine how guickly
various anzlviss are Gesleted For small plazz mole-
sles like TCE. ihe ky velues are quite high compared
1o 1he otner znalyies. This =zy exgiain the rzpid jces
of 1ewrachicroethyiene froms solutions contaizing PTr=
casings onserved by Miller (1982) znd Revaclds and
Gillham (158€).

Secause 1he tzie of sorpuon appears iobe Irst erder,

g=tél
the r=iative conceatziion (coacenirzon atz gvea time

relztive 10 its initial esacentration) is independent of
initial conesnizaton (Castelzy 1642). Thus, W3¢ pereant
Joss at a givea'expesure tme s exX; :
deat of coaceatraticn, as was ziso precicted Ty the
model of Reynoids 2ad Gilltaz (1586). We did aot
confimm t5is, howeves, by saaducing ihe test at several
concsavatens.

For furber details on ke crzazic porica of this

-~

study, refer 1o Pasker ot al. (1883%).

Summary and Conclusions

In summary, the isorganic study indicated sat thres
of the metzis (As, Cr and Pt) were sorbed by one or
more of the casing materiais. SpecSeally, Cr was sorbed
by SS 316 casings, As was scrbed by both 304 and 316
stainless sisel casings, and Pb was sorbed by 2ll four
casings. On the owier hand, Cd lezcded from e stain-
Jess steel zad PVC casings, zlihough subssguest sop-
tion lowersd conmcenttziicas iz tne samples containing
stainless sieel casings. Whils serpiica of As was slow
enough :=at it is prefatly zot of ceneer or grouad
water mozitoring, the chazges iz e Cr, Cd 2ad PO
concsatrations are of coneerz. Seih §S 304 and 36 cas-
ings were subject 10 surfaze oxicaticn, presumably BY
galvanic acicn, whick apzarently srovided acive sites

for sorpiicz 2ad reiease of majer exd miner cozsuty-



exs. Sormiien and lezching of 7

in scme czsas 1y 1he ground Toeen

2nd grazmic carmap cezient). Spzeificalln 'Hc'- was
mor }C-aC‘...‘g of Cd zng isss sorpuicn ol Phat: Jc\\ er
2H. Our sseuite ingicaie ihat BmiC Tmiena may Save
ecedzs z compiexing 2633 =

jess orome 10 sorplica. if chemical imierzciicns are used
25 the osiy critesion, PTFE is cleary ine desi czncicais
for monitoring metzl <p=:~cs in ground wzier. PVC

would be a good secand choics because its performanes
wag consiceratiy bener iz either SS 334 or SS 316 cas-

- - . - -—
jezgd znd chromivm
3

ing.

" 13 camtrast, 15e orgazic studies clca"v incicated 2zt
PTTE was 1he pocrest choice of ihe four wel casing
=z1a=izis tesied. PTT = casings sor:'d zl] e czloriz-

sied compounds zad one nitrozromaiic campound. md
losses of 2DC3 and MDC3 were ""Id enough 0
of concsm for ground water monitoring. FVC casings

2lso sorbed some of the same compouads, dut 2iways
21 rates (hal were consideratly slower than these
obsemved for FTTZ casings. The rzies of these Josses on
PVC were low enough that they ¢id not azpear i0 Se
of concena fer gound water mcnitoring. There was 2
less of zry of i5e organic solutes in the presedce of
either npe of SS casing.

The desorption study showed that the loss of
organics fsom aqueous salutioa is due 10 a sorpueoa
srocess ihizt was -eversitle, or 2t least parizily so.
Desorption e centzminzated casings coulé potexntizily
-ssult in ‘alsely 2igh concsmirziions of znalyies if the
concsairziions of the zzalytes in the ground water wers
10 drop.

The loss of avdrophobic orgznic constiruexnts in the
s‘.“pxcs contzining PTFE casings could be correlated
Wity 1he sunstznce’'s Koo values. However, this correla-
an overesiimates Josses for hydrophilic organic sus-
s.zness.

Thers zre several eXeas that mzke extrzpolatin
these test ¢aia 10 a real monitoring situation diZficzlt

e Casings were tesied and not well sCesns. The rzie
of serption could de substaptially greater in the
screened poriens of the well because the suriace area
of tbe screeaed portion would be greater.

e This experimeat was copducted tacer stztic cendi-
Hons. The s¥ect of sorpuon under real conditions
would be =itigated 1o some degree, dependiag ca
the rate of exchange of water berwesa the aquifer
and well casing.

Clearly, choosing one casing material for samp]es
that will be znalyzed for both trace Jetals and organics
iavolves compromise. However, based on the results of
‘he tests (hat the authors bave performed 1o date, PVC
appeats 10 he 13e best compromise choice of the four
casing materizls tested

Funwe studies will exarmine jeachizg of incrgasic
and organic solutes, e efext of icw cissalved axygea

" og interactiozs berweea the metzls and well asmgs

“and the suitability of other materials for ground wa
monitorizg.
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STANDARD QPERATING PRQCIDURES

AUTHGOR: STSPHEN DOUGHTY ISSUING UNIT: 333-3S
CHUCK GOODWIN
DAN TWOMEY scp: FXRF-001-02
508 BURGER DATE: 12-20-391

REVIEWED BY:

APPRQOVED BY: ‘Z&kﬁ-ﬁf

TITLE: - Fleld SC:eeﬁinq Analfsis cf Inorganic Compounds by X-ray
Flucrescsnce.

SCOPE: These proceduzes descrzibe the preparation and analysis o2
environmental samples for inerganic csmpounds using X-ray
fluorescence (XRF). Elezents to be analyzed using this
technique are project specisic and will be selacted by
project site chemist prior to f£leld sczeening aczlivities.
This method is used vhen quantlflcatlion cf speciiic
inorganic compounds at mid-part pez million €9 pezcent
level detsction is zegulized.
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1.0 RESQUIREMENTS: APPARATUS AND MATZRIALS

INSTIUMENTATICN: Field poztable X227 unit (enexgy disgezsive).
Units can be egquigped with a nuatez of
radloisotszic detactars souzces 25z dstecsion
of elements aczaoss varing specsIal ranges.

MATERIALS:

1. Sample cups
2. Mylar vindovs -- ~--

3. Scpatulas (plastic or teilen czated)
4. Grinding apgazatus (mortaz/pestle)
S. Sieve

6. Blending acparatus

7. Analytic balance

8. Welghing pans

9. Drying oven

10. Miczro varlable plpet (with tips)
11. 100ml volumetzic f£lasks

12. Analytical standazds

2.0 CONVENTIONS

Fleld sczeening activities will £follov established guidelines Zc:
coding standazds, logbook entzies, calculations and quallty
assurancs/quality contzoel. Deviations f£rom these guidelines will
noct be alloved wvithout the lssuance or a writ=en wvariance oI
field change raguest. Logbook entzy(s) detailing the reascon(s)
£or the deviation(s), and a verdal discussicn with the pzoject
chemist or gualified representive.

2.1 CHEMICAL STANDARDS

A.AQUEQUS: Aqueous chemical standazds will be puxzchased thx
Co., Aldrich Chea. Co., VWR, or an eguivalent su
Nots: Stock aguecus standards aze generally 100
concsntrzation and are Al or ICP cerxtifled.

o'y o
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Documentatlon of szandard csnecsntracicns (aguecus) shculd
accompany the standazds, along wita prodject logzook 2z

entailing the follawving lniszzation.

W

AW
L] .

TVendor name(s)

Cancentzaticen o2 standazd(s)

Dilution records and calculations derxived 2xcm stscek
standard(s) and asscciatad ecsncencration(s)

Lot number(s) ¢ standazd(s)

Cade assigned ts standarzd

Sstandard(s) expization data

SCLIDS: Solid zefaxaenca standazds will be purchased through
USG3,CaNMET NBS,H5NU ¢z an eguivalent sugpliex. iza
and/or matrix spgecific standazds may Be used, cnlv
vhen accompanied by analytical data (A4 or IC?) sugpor:ti.
the site standarzds concentration and reproducibity.

2.2 STANDARDS PREPARATIONS

A.

AQUEQUS: AqQqueous working/callbration standards will be
presared from single or multi-element stock
solutions purchased from approved sugcliex. Werking
standards will be prescared at coancentrations ove:x
the expectad range of contamination on site.

Standaxds will be lakbeled, czaded, and storad in
aporaoprlats coantalnezs. Standaxzds precaxation
matazials will be cl2aned with 20% HNC3 follcwved

by three consecutlive rinses with type II deicnized wva-

tandaxzd cedas andé suamary of standazd
precarzation will be entazed into proiect the lochock
pricr tec analysls. New wvorking standazds will
alvays be prepared whenever the quality of the
standarxd(s) are in guestion.

Note: Shelf 1Ife ( aqueous std's)

Ncote: Aqueous working/calibraticn standards should be storsed iz

l.Stock standazds: 2 yrs.
2.Callbration standazds: 6 months

-

level II pre-cleaned, screw cap plastic bettles or
precleaned (¥NQO3/DI), snap cap volumetxic lasks (short tazz
storage). CAD AND TIGHTEN STANDARD BOTTLZS IMMSDIATELY ASTER

USE.

Nota: 1-2% of concantrzatad HNG3 oz HCL (elament degendant), WIiL 3Z

ADDED to the working/callbration standazds during intial
preparation, for standazds matrix and concz2nzzation
stability.
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B.

1

3.0

l.

2.

E ' 2.

TANDARDS PRIPARATION (con=z.)

SCLIDs:

. Puzchased: Reblend avery 4-5 months.

Slte preparad:

Dry 40-580gzams o sanmple

Disaggzegate

Sieve -80mesh ..

Blend: >lhzx

Split (20-30gzams) o02Z tae lab (AA/IC2)
note: 4 sample min. , 3 lab runs each.

oo

CALIZRATION

Prxior to analysis, instrument ope:éting conditions will be
established and recorded in site logbook.

Calibration of XRF will be preformeéd in tve staps.

Enexgy Callbratien (micro-channel/ energy alignment)
(Se2 manufacturer's opexzations manual)

Standards Calibration: One to thizrty standards can be use to
calibrate the instrzument. Calibration can be completad beifore ¢
aZter the job, depending on time restaints put forth. Fozr prat:
pupcses a minlmum o thzase standarzds will be used for instzrmen
calibration covering the expectzed range of csntamination on

site.

QUALITY CONTROL

In addition to instrument calibration, continuing calibration
checks (one per 24 hx period), dQuplicates,and MS/MSD may be
analyzed. The nuaber QA/QC samples will be determined and
established on a site specific basis dependent upon project:
data quallity objectlives.

Enerxgy calibration vwill be dcne at the stazt of the projecx,
aiter sezvicing, cor anytime cecnditions aze in question.



FIZLD DOCUMENTATION PRCCZDURES

A log of all analytical runs will be zecszded ia a bouné
logbock with sequentially numbezad Pages. A separatas loghaook
will be maintained £for each instzument used in the field.

The logbook will be used to reczzd all standards and sampla
analyses, sample IDs, date of analysis and any additicnal
information particular tc the analysis (e.g. sanpgle volume
and weight, colozr, odoz). .

Individual sections in the fzont of the logbock will be
designated £or recording infecrm:aticn con s+tandarzids
preparation, instrument maintenance, and instzuzent
operating conditions. :

DATA REVIEW AND DELIVERABLES

Data from all sample analysis and othexr relevant
information will be recorded in a dedicated instrument
specific logbook. The field operator will reviev screening
data for accuracy of continulng calibration and potaentilal
matzxix interferences. Dates summary table may be generatad
as required for each project. Data will undergo periodic
technical review by the project chemist assigned to the

project.
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5.0

Metheod detaction limits will e aszazlished on an
extrapolated f£rom aqueous szandazds ac cr near in
detection limits. Pratical guanstidicacion liaiss

METHOD DETZCTION LIMIT

annual bkasis,
sTTunent
vill be establish

based on data generatad sz the MDL study.

6.0 SAMPLE PREPARATION _

A. AQqueocus samples

1.

2.

Pour out 2-4mls of sample into sample cu

"l

Mylar and anlyze (run tize >200sec)

Solid samples

1.
2.

Dry samples at @8S deg:ées centigzade (>4 hzs.)

Grind and/or sieve samples with 30-50mesh sisve

note: sleving is nmandatszy on mediuam to cszarse grained
sands and necnregzesentative objects (i.e leaves,
twvigs, and ccbbles >1-2z=m in diametex

Homogenize sample (blend 2-3min.)
Pour ofi l-8gxams o sazgls into samples cugs, mylax.
Run times will be no la2ss :than 200 secands.

Slit sample for laboratszy analysis (i:z reguized).

***IMPORTANT NOTE: AQUEQUS SAMPLIS WILL ONLY BZ ANALYZZD, IF

SUFFICIZNT METALS CONTAMIVATICON IS PRESENT.
TYPICAL CIONCINTRATION LZVZLS IN WATERS ,ARE NOT
DETECTAZLZ 3Y X-RAY FLUORISCINCZ DUE TO
INSTRUMENT DETICTION LIMITS. PROJECT CHEMIST
AND TECHNICIAN SHQCULD REIVIZW ZXISTING DATA FROM
SITE BEZTCRZ MAXING A DECISION.
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SSTL SCRTINING FOR PQLYCHLORIMATID S724CHYI S 3Y TMMUNOASSAY

1.0 SCCPE AND APPLICATION

1.1 Metho- 4025 is a procadure Sor screening soils to detarmine when tatal
polychlarinated bipnenyis (PCEs) are gresant at conczntrations atove 5 mg/Kg.
Method 4020 provides an estimats for th2 concantration of PCSs by czaparisen with
a standard.

1.2 Using thz test kit frcm which this methad was
samples ccntaining 0.623 ppm or less of PCEs will praducs
the S ppm test configuration.

lcped, 95 % of
ive rasult in

1.3 In cases where the exact concentratige® quired
quantitative techniques (i.e., Methods 8080/8031 ) gfm

2.0 SUMMARY OF METHOD

pror this method. The
general, the method is
d an enzyme conjugate
aze “ccmpetes” with
X rC8 antibody. The
PEsting 3 sample to the

2.1 Test kits are ccmmercizlly avaings
manufacturer’s directicns should be followad. ™
performed using an axtract of a soil sample. Sam;
reagent are added tc immobilized agiibody. The enzyme
PCBs presant in the sample for brgEe®s to immobilized
test is interpreted by comparing thigregetpa, ~roduced by
response preducsd by testing standay e ously?

3.0 INTERFERENCES

"3.1 ChemiczsH compaunds|né cempounds which might be expectad to
be found in cogg y PC3 cont@esgtion were tested ta determine the
concantralion #raduce a posifPve test recult. These data are shown
in Table 1. : ‘

4.0 APOLass

& 4.1 PLNEE P EnSys, Inc.), or equivalent. Each commercially
gvailable tast M3 &y or specify the apparatus and materials necessary
- successful cofgletionfor the test. '

ag¥ commerciaily availabiz test kit will supaly or specify the

raagents gsary for successful completicn of the test.

I~
Q
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§.1 Sea thz ‘niroductcry matzria
Saction 4.1.

- i1 ena
g€.2 Sc¢ils ean

- <
- AR
hazardous ind handled accerding

7.0 PROCEDURE

7.1 Foiiow the manuiacturar igns for the tast
The=z test hits usad must meet or excaszd ths perfernance indicyzs

XY

8.0 QUALITY CONTROL

8.1 Follow the manufzcturer’s instruciicns fogga
quality contrcl procadures specific to tha test kitg
provided in Chapter Cne should be fallowed. 4

8.2 Use of reclicate analyses,
concentrations near the acticn level, i
gathered with the kit.

8.4 0Oc not use tubtes or roxee > :ff“'ith other Kits.

, 8.3 Use the test kits with¥y R e SN corage temgerature and
operating tamperature limits. - "

8.5 _ % 1d or laoratcry use. The appropriate
level of gquality astlm :ny he applicaticn of this mathod to

Stng fourtean standard soils and three sofl
tior had btesn establishad by Method §C80. Replicates
tandard scils and on orz2 of the sail samples for

s, FEach of two different analysts ran the 25
¥ chat "<" assignments are accurata with aimost 99%
opm fevel wnile ">" assignments can te up to absut 96%
mple concantration appraachas that of the testing Tevel.
aties at the § pom level ars 92% and 325 respectively.

-
«
(3]
O
L]
[A%)
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STANDARD QOPERATING PROCEDURES

Author S.Doughty Issuing Unit: ABB-ES
R.Burger SOP: FANIR-C0101
C.Goodwin . DATE: 9/17/50
D.Twomey Page lor 8
TITLE: Infrared Speczoscopy Analysis of Pezoleum FHydreearSens Jy Fieid

SCOPE:

Screening

The following procedure describes pregarations and analysis for
petroleum hydrodarboas by infrared speczoscopy. This method is
adapted from USEPA Method 418.1, with a medified micro exmacdon
for analysis of soils. This fleld analysis technique is best udlized for

" gross characterization of fuels such as JP4, kerosene, No. 2 fuel oil,

REQUIREMENTS:

and related hydrocarbons. Detecton limits range from 50 ppm (0
percent levels as total pewoleum hydrocarbens.

Apparatus and Matesials
APPARATUS:
Analysis will be done using a miran fixed filter infrared detscdon unit,
or an eguivalent insument. The inszument should have capabilices
for variable wavelength adjustment, a sensidviry acjustment, rangs
adjustment, slit adjustment and direc: measuremenss in zbsorbancs units
and/or perceat ransmittance.
MATERIALS:
° cuvettes: 1 cm quarz cuvenss
o test tubes: 16 X 1CQ, scraw cap w/ teflon lines

13 X 1C0Q, screw cap w/ teflon lner

test tube rack (2)

. pipezes: 1 ml grade A volumezic

5 ml grads A volumazic

isapn.rd



. ges:

o additonal equipment:

. reageats:

10 mi zrade A volumezic
1-10 ml mansfer type (4)
1-10 mi adjustable pipeze pump

10 mi, 50 ml, 1 ml, (Supeico)

vortex

ceatrifuge

oven (% solid)

aluminum pans (% solids)
analydezl balance (grams to 0.01g)

lab notebook

Freon 113 (1,1,2- tichloro-1,2,2
triflucroethane)

sodium sulfate (Na3,SO,) anhydrous, ACS
grade

silica ge! (40-140 mesh) (rmgeﬁt analyzed)

water (deionized H,0)

" n-hexadecane

(stock sol.) iscaczne

chlorobenzene

CONVENTIONS: To aid in organization, all field screening acdvides will follow strict
QA/QC guidelines for coding smndards, logbook enties, calculadons,
and quality control. Deviations from the guidelines outlined in this

isaph.rb



" CHEMOCAL
STANDARDS:

STANDARD
PREPARATION:

CALIBRATION:

document will not be allowed without the issuancs of a wrizen feid
change request, a logbook entry demiling e reason(s) for any
deviadon(s), and a verbal discussion with the project chemist.

All chemical standards will be purchased through Supeico, Inc., Chem
Servicss, Inc. or an equivalent supplier. All chemical standards
preparagon(s) will be logged and coded in the projec: logtook E.G.
FIRSTD-C01-Ql. Minimum entries are as ‘oilows: :

a vendor’s name supplying standards
b. concentraton of s@andards prepared

c. calculations performed in deriving standard(s) concentrations.

-

d. lot number of standards

e. code assigned to standards (e.g. FIRC101910301 (FiR-date-
page-which sid on page)

Standards may be pregarsd from stock soludons (neat) purchased
through an approved supplier. Working saandards may be made by
diluting neat standards into Freon 113. Use the compound(s) density to
determine quantry of neat compound to acdd to solvent. Calibration
standards will be made by serial dilutions of the worlking standards.
The calibragon standard concentrations will be detsrmined by the
expected chemical concenwations on site. Generally, 10,50,100,5C0,

750 ppm conceatratons are appropriate.

. all stoichiometry must be estered into logbook as well as a
written descripdon as to how calibradon concsnwatons were
made.

INTTIAL CALIBRATION

Once instrument has been zeroed, one at a Hme, pour (o flil line on
cuvezte some of each of the calibraton standards. For =ach calibraton
sandard record the % mansmittance or absorbance Tom the inscument.
If the RSD is less than or equal to 30% for the calibradon coints, then

isaph.rd
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SAMPLE
EXTRACTION
ANALYZATION:

CALCULATIONS:

DATA REVIEW:

a straight line may be assumed and linear r=2gression used. If the RSD
excseds 30%, then a calibradon curve may De ploted.

CONTINUING CALIBRATION

The contdnuing calibration is a mid-level smndard that must be analyzed
and recorded before analyzing samples. If at any dme the contnuing
calibration deviates more than 30% from the original calibradon, the
inidal calibradon standards must be reanalyzed.

METHOD BLANK

A method biank must be run before analyzing samples. The method
blank should be prepared as a sample and analyzed after the instrument
is zeroed.

EXTRACTION (SOIL)

The extractdon of soils involves a two-fold process. Firse, weigh
2.0g= 0.5 of sample into a 16 x 100 screw cap test tube and record
weight. Add approximately 2 grams of anhydrous sodium sulfate (Na,
SOy and thoroughly mix to a dry, free-flowing consdmuency. Then add
10 ml of Freon 113 to sample, cap and vori=x for 30 seconds. Next,
decant off solvent into a 16 x 100 test mbe, add approximarely 2 grams
of silica gel, cap, vorex for 30 seconds and cenmifuge.

ANALYSIS

Pour sample extract in quartz cuveze from (3.1 exzacdon). Place
cuvette in unit, and read. The value wiil be in conceatration units.
Multiply the concentration number by the diluton 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 2g/D(10 mi Freon)
(sample wt. 2.0g)(cec. % solics)

All dara will be documented in project notztook. The project field
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.

isaph.rb
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mples fer

Field Screening of Soil and Water Sa
achs

VOCs Using Fortable Gas Chreomatogr

To describe the procadure for GC scrzening of
samples in the <field for volatile orcanic
compeunds, in order to assure consistency of
technigque between cperatcrs.

This procecure is azpplicable to field projects
in which <fast, accurate  identificatien of
underground contamir@nis is necessary in order
to make decisioq§j§d§qerning placement of soil
borings and meniltdring,wells in the preccess of
plume defijftiopﬁ}-Tb;s prccedure 1is not
intended.Q repl;ceithé7bc operator's manuals.

1d-s¢; 1ing for volatile organic cecmpounds
by headsga;e‘féchnique requires the operatcr to
be thordugRly familiar with the instrument usad

. a4 .
and 4&he careful handling of samples and

standards. The operator should have an
unders=anding of the principles of gas
chrematography, and should read and understand
the oreratcr's manual for the instrument they
are using. A new GC operator should aprrentice
with an exgerienced operator for cne week of
field analysis before working independently.
The instrument used shculd be equipped with a
photoionization detector (PID).

Keeping in mind a few general tips will hel
the field GC cperator greatly in terms o
saved time and money. These are listed below.

o Always keep carrier gas flowing througn the

column, even when the GC is not being used.
The flcw rate can ke decreased to conserve
gas when the instrument is sitting at the
office in between field Jjobs.

o Naver heat up the cven without carrier gas

flow through the column.

o Chance the injection septum at the
cinning of each analysis day. Before
ing so, temperarily turn off the

2

arrier gas flcw at the sugzly ¢©

B
£



allew the gas <O bleed thrcuch the line
Eefore c*eA-. The injecticn pert. Ty to
avoid cuching the injecticn sezta with

bare flnge-s.
o Get the GC plugged intoc a gpcwer scurce,
" turred on, and warming up as sccn as
possible each cay, as it takes scme tine
for the instrument to stabilize.

Stardards

Standards should te presared with deicnized or
distilled water in 40 =l VCA vials with teflen
septun caps. The licuid standards shculd ke
prepared in 1lzzb, 1Cpzb, 100pgd, and 10008sd
(lpcm) ccencentraticns, )Agﬁ a tctal licuid
volume of 30 mls per vigﬁ“ Tla standards shculd
be added to each vial bz'd;bsvﬁn the end cf the
syrince needle below KZ waEer?:evel and then
injecting the standard x;ure;fﬁgz the water
Cap the vial tightly and ﬁ&x by *ﬁve**1ng ;h-:e
times. Once a suanda*d VLargnas )
it should never te cpened. SEJzé
aqueocus standards L:s;de dcwn d?
fresh agueous standards each da sy

Each day, after ruling cut systen and
contaminaticn ;b:OLg& the analvs s of anks,
the 10 ppb standard shculd be run. the standard

vial should ke allcwed to cocme to anmbient
temperature by rsmcving it frca the ice and

llow1ng it to sit cut for 10 minutes, upside
down. The standard vial should then be shaken
vigorously for cne full minute. After shaXing,
200 ul of headsgace should be withdrawn from
the vial with a clean, 250 ul gastight syringe.
The withdrawn headscace should immediately ke
injected onto the chrcmatographic column. Once
all of the peaks have eluted and been
integrated; respense factcrs can be calculated
by dividing the ccncantraticn of each ccmpound
by its reportsd response in area counis or
velt-seconds. kf er analyzing a clean syringe
blank, the analyst shculd analyze the 100 pgd
standard in the sanme manner as abcve. I the

analyst expects tc enccunter samples with mere
than 100 ppb cf the target conoouwds, the 1 pon
standard mus: Se analyzed, 'at a less sensitve
gain or attenuaticn. All standard runs shculd
be tazulatszg, rsporting ‘ccmpourncés,
retenticn timss, csrncsntraticns, rasgense in
area ccunis, and respcnsa faczcrs
(concertraticn + arsz counts). An exangis



COMPCUND

Eenzene

RT(SECS)

60.2

standard repcrting tazle is shcwn telcw.

CONC. (DPR) ARTA (V-3 RT/CONC/2RZA)
10 1.3 7.85
Samples
All sample analyses must be quanititztad zgainst
the agueous standard, which is =mada to a tctal
volume cf 30 mls. If the saxmpla2 cannct ke
analyzed immediately after colle c:;cn, thsn it
should be stored cn ice until just pricr tso
analysis. Samples shculd never e prezarad

ahead of time.

To prepare liquid saxmples, the ccerateor must
remcve enocugh sample so that 30 mnls tctal
volume remains in each 40 ml sa=mpla vial. This
can be easily accomplished by using a 20 ml
"reference vial", a sealed 40 ml VCA vial that
contains 30 mls of water. The saxzle vial can
be held beside the ref e*ence vial, ard with an
indelible marker, the 30 dZizwater levzal cz2n be
marked c¢on the sanp‘e v1a7fi%5 Zencve the extr
liguid, oren the 1lid ;o,the §é“-le vial and
nElick ou‘" scme cf thé‘f;' d anll the liquid
level in 5 azfen
Quickly recan the v al !
carried out so that ;He samp &
a2 minimal anount of time.

To prepare soil samples for ysik the
operator must weigh the scil cn a sd%fé that
has been calibrated, and tared with an empt

40 ml VOA vial. To remcve extra scil, open the
cap and "flick ocut" the excess. GQuickly recad
the vial. The vial should centain 30 grans of
soil plus cr minus 0.5 gram. If the GT operatc
receives a soil sanple that alrsady contains
less than 30 g., the analytical
result nust be adjustad to acccund
dilution. This can be acccmplishe
30 by the number of grams. ci sa=x
multiplying the analytical rcs";b g
found. For example, 1iZ the sam_ le wai
and <the <calculated aralytical ==

N

U
v ot
(98

.—l

<

' ']

nc

t
jo
!D

benzene is 12prDh,



30 £+ 26 = 1.15; 12 x 1.13 = 1l3pgb benzene

Using the 30 ml referencs vial as a guide, mark
the 30 ml water level on the cutside cf the
soil sample vial. Open the lid to the sample
vial and carsfully add D.I. water until the
liquid reaches the 30 ml mark. Tightly cap the
sanple vial. All of this shculd ke carried cut
so that the sample vial is open for a minimal
amcunt c£ time.

The prerared liguid or soil sample shculéd be
shaken vigcrcusly for one full minute. If the
sanple contains soil, it must be rinsed frem
the insicde of the septum kefore the syringe
needle is inserted into the headspace, in

order to avoid clogging the needle. This can
usually be accomplished by "flicking" the vial
so that 1ligquid splashes onto the septun.
Withdraw 200 ul of headspace from the vial with
a clean 250 ul «gasticht syringe, and
immediately inject it onto the chrematograzhic
column. After injecting the szample ontc the
colunmn, watch the - beginning of the
chromatograrchic run for the custeomary injecticon
peak. If one 1is not .«seen, the needle is
probably clogged and the~sgmple will have to be
rerun. N

If a2 sample is Xknowri$to; cgntanlnabed a
smaller volume can be anjected. Whenever  the
injected sanple volum&is *s 3Jess than the

injected standard volume, e ca‘cu’ated value
of any ccmpound .seen must ﬁgltld} ed by the
dilution factor of the saﬂoref’Ebrregzﬁole, if
200 ul of standard was 1njecti§§3”"‘o ul of
sample was injected, all ana®ptical results
from the sample run must be multiplied by fcur.
All sample analytical results are arrived at by
multiplying the area count of the compound of
interest Lty the 1response factor c¢f the
correspcnding peak in the standard.

Compounds in saxmzle runs shculd be quantitated
against the corresponding peak frem the
standard run in which the peak in cuesticn is
closest in size (according to area ccunts) to
the peak which 1s being quantitated. Whenever
possible, cuantitdions should cnly be rerorted
for peaks which are on scale. In the event that
a guantizaticn must ke rsported for a reak



which is gre=atsr than scals, the valus

given must te lazslszd ~izate." Samzle runs
must always ke cuanmctizacs3 against a stardard
which ran at the s o Ccr attenuaticn as
the sanmple. All sa=x= analysis results sheuld

be repcrted in

Infeormation regzcrcte 12 Include the dats,
time, <chrcmatocra:z ccnditiens such  as
Temperature, gain ¢ ~tznuaticn, flow rate,
the retenticn tizme arza ccunts -¢f any
repcrted cempeunds, and which standard run the
sample was guantitatesd agzinst.

Before any analysis systzan
shculd be checked fcT unning
a column blank. This ng

a chreomateograchic g any

injection.

Eefore any syringe czn s used, it s
checked for ccntaninants k& ing a syrings
blank. This is dens =y pur
the gastight syringza sevexza
air and then making an
cnto the column.

To rule out ccnitamin
used feor diluticns,
run. This is decne -v
30 ml mark with rea

All direct injecticns =ust ke made with
gastight syringes. Ths svringe used shculd ke
selected so that =easurszsnts ars nct being
€z ¢r =citcm 20% ecf  the

‘ nct use a2 100 ul
¢f less than 20 ul

macde in the =
¢raduations. For
syringe to mads 2

cr mora than 80 u

Syringas blanks must == run 2izer all standaxds,
and after =all samzlss that are nect clean.
Whenever pecssible, clszan sa= s 1d be run
befcre ccntaminatad sazzlss.
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STANDARD OPERATING PROCEDURE

Author: Kelly R. Murray
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Reviewed by:

Roger Durham, Senior Geologist, Navy CLEAN, UST

Approved by:

Jim Williams, Senior Technical Lead, Navy CLEAN

1.0 TITLE:

2.0 PURPOSE:

3.0 SCOPE:

4.0 REQUIREMENTS:

4.1 Knowledge
of Instrument

Gas Chromatographic (GC) 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 instailation 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 all 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. Installation procedures apply only 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.

ABB Environmental Services, Inc.
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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 unplug 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 Services, Inc.
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6.2 Capillary
Column Installation

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 does not touch the dead volume
reducer in front of 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
inlet 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, itis
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.

ABB Environmental Services, Inc.
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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
more brittle. Use proper ferrules when making
connections to the column.

To install a capillary column in the GC:

1. Turn the GC power switch off and unpiug the unit.
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 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 felt, or if 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 follows.

Proper column conditioning:

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.

ABB Environmental Services, Inc.
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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 Analyses, GC Bulletin 802B.

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.

ABB Environmental Services, Inc.
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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.

ABB Environmental Services, Inc.
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Date July 13, 1994, Page 1 of 2

1.0 GENERAL

1.1 SCOPE AND PURPOSE. This Health and Safety Plan (HASP) has been prepared in
conformance with the ABB Environmental Services, Inc. (ABB-ES), Health and Safety
Program and the Comprehensive Long-Term Environmental Action, Navy (CLEAN)
District I Contract (CLEAN HASP) and is intended to meet the requirements of 29
Code of Federal Regulation (CFR), Part 1910.120. As such, the HASP addresses
those activities associated with field operations for this project. Compliance
with this HASP is required for all ABB-ES personnel, contractor personnel, or
third parties entering any site at Naval Training Center (NTC), Orlando.

The NTC, Orlando HASP contains some site-specific information, ABB-ES standard
operating procedures and health and safety guidance included as Attachment A.
A copy of this reference HASP will be available at each work location. Task-
specific HASPs will be generated that describe the activities, potential hazards,
precautions, and action levels associated with each task performed at NTC,
Orlando.

1.2 PERSONNEL

1.2.1 Contractor Task Order Manager The contractor Task Order Manager (TOM) for
Base Realignment and Closure (BRAG) activities at NTC, Orlando is Mr. James
Manning. The TOM is the individual with overall project management responsibili-
ties. Those responsibilities as they relate to health and safety include
provision for the development of this site-specific HASP, the necessary resources
to meet requirements of this HASP, the coordination of staff assignments to
ensure that personnel assigned to the project meet medical and training
requirements, and the means and materials necessary to resolve any health and
safety issues that are identified or that develop on the project.

1.2.2 Health and Safety Manager The Health and Safety Manager (HSM) for ABB-ES,
Ms. Cynthia Sundquist, may be reached at (207) 775-5401, extension 3309, in
Portland, Maine. The HSM will be responsible for: (1) approval of the
individual chosen to serve as the site Health and Safety Officer (HSO) for this
field operation; (2) review and approval of the site HASP developed by the HSO,
as well as any significant changes made over time to the site HASP; (3) oversight
of the daily efforts of the HSO; (4) resolution of site disputes involving health
and safety issues; and (5) implementation of the HASP by the HSO.

1.2.3 Health And Safety Supervisor (HSS) The HSS is the health and safety
professional serving as the ABB-ES HSM's designee for this project. As such, the
HSS will be responsible for (1) approval of the individual chosen to serve as the
site HSO for this field operation; (2) review and approval of site-specific HASPs
developed by the HSO, as well as any significant changes made over time to the
site HASP; (3) oversight of the daily efforts of the HSO; (4) resolution of site
disputes involving health and safety issues; and (5) implementation of the HASP
by the HSO. The HSS will notify the HSM of any Stop Work Orders issued by an
HSO.

1.2.4 Field Operations Leader The Field Operations Leader (FOL) is either the
TOM or the TOM's designee who is onsite and is vested with the authority by the
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TOM to carry out day-to-day site operations, including interfacing with the NTC,
Orlando HSO.

1.2.5 Health and Safety Officer The HSO for this project has been designated
by the TOM with concurrence from the HSM. The HSO will have at least an indirect
line of reporting to the HSM for the duration of his/her assignment as project
HSO. The HSO is responsible for developing and implementing this site-specific
HASP in accordance with the ABB-ES Health and Safety Program. The HSO will
investigate all accidents, illnesses, and incidents occurring onsite. The HSO
will also conduct safety briefings and site-specific training for onsite
personnel. As necessary, the HSO will accompany all U.S. Environmental
Protection Agency (USEPA), Occupational Safety and Health Administration (OSHA),
or other governmental agency personnel visiting an ABB-ES site in response to
health and safety issues. The HSO, in consultation with the HSM, is responsible
for updating and modifying this HASP as site or environmental conditions change.

An individual must have a minimum number of days of field experience (for the
appropriate levels of protection, i.e., D, C, and B) and be current in first aid
(certification within the last 3 years) and cardiopulmonary resuscitation (CPR)
(certification within the last year) training to be eligible for the position of
HSO.

1.3 TRAINING. Training is defined under the ABB-ES Health and Safety Program,
and all personnel entering potentially contaminated areas of this site must meet
the requirements of 29 GFR 1910.120. Personnel without the required training
will not be permitted in any area with potential for exposure to toxic substances
or harmful physical agents (i.e., in the exclusion zone). Refer to Appendix A
for further information.

1.4 MEDICAL SURVEILLANCE. All personnel entering potentially contaminated areas
of this site will be medically qualified for site assignment through a medical
surveillance program outlined in the ABB-ES Health and Safety Program. Personnel
who have not received medical clearance will not be permitted in any area with
potential for exposure to toxic substances or harmful physical agents (i.e., in
the exclusion zone). Refer to Appendix B for further information.

1.5 DOCUMENTATION. A daily health and safety log will be maintained by the HSO.
This log will include, at a minimum, the following information: description of
the field work being conducted, any changes in the operation, names of all
personnel working at the site, types of air monitoring equipment being used and
how calibrated, air monitoring results, level of personal protective equipment
being worn, accidents and injuries, and descriptions of any unusual occurrences
of physical complaints.
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2.0  SITE CHARACTERIZATION AND ANALYSIS

2.1 SITE NAME, LOCATiON, AND SIZE. NTC, Orlando (Figure 2-1) encompasses 2,072
acres in Orange County, Florida, and consists of four discrete facilities: the
Main Base, McCoy Annex, Herndon Annex, and Area "C".

The Main Base occupies approximately 1,095 acres within the city limits of
Orlando and is located approximately 3 miles east of Interstate 4 and less than
1 mile north of State Road 50. Operations at the Main Base include the Recruit
Training Command, Service School Command, Naval Administrative Command, Nuclear
Power School, and the Naval Hospital (C.C. Johnson, 1985).

The facilities that comprise the McCoy Annex occupy 877 acres outside of the
Orlando city limits and are located 12 miles south of the Main Base and just west
of the Orlando International Airport. The Annex serves as a housing and
community support activity for NTC, Orlando (C.C. Johnson, 1985).

Area "C" occupies an area of 46 acres and is located 1 mile west of the main base
off Maguire Boulevard, and serves as a supply center for NTC, Orlando (C.C.
Johnson, 1985).

Herndon Annex occupies 54 acres and is situated 1.5 miles south of the Main Base,
within the confines of the general aviation Herndon Public Airport. Herndon
Annex provides research, design, development, testing, evaluation, procurement,
fabrication, maintenance, and logistical support for naval training equipment and
devices. Herndon Annex 1is comprised of a computer center, flight-training

building, uniform-supply warehouse, and several office buildings (C.C. Johnson,
1985).

2.2 SITE HISTORY AND LAYOUT

Main Base. The facilities at the Main Base were owned and operated by the Army
Air Corps from 1940 to 1947 as the Orlando Air Base. The U.S. Air Force took
command of the facilities during 1947, at which point it became the Orlando Air
Force Base. The Air Photographic and Charter Service was the most active
facility on the base and was responsible for photographic development of U.S. Air
Force movies and still photographs. The property was commissioned as the Naval
Training Center in 1968 when the U.S. Air Force ceased operations at the facility
(ABB-ES, 1994a).

The area of the Main Base varies in elevation from approximately 125 feet above
mean sea level (msl) at the Recruit Training Command (C.C. Johnson, 1985) to
approximately 91 feet above msl at Lake Baldwin. Surface water runoff from this
area flows through small intermittent streams and the storm drainage system to
Lake Susannah and Lake Baldwin, and eventually to the Little Econlockhatchee
River. Both of these lakes are used for fishing and recreation and are Class III
waters according to the State of Florida (ABB-ES, 1994a).

The Main Base occupies approximately 1,095 acres within the Orlando city limits
and is comprised mainly of operational and training facilities. These facilities

NTC_Orl.HSP
MVL.07.94 2.1



Chapter No.__2 Revision No.__ 0

—) e

Date July 13, 1994, Page 3 of 10

are used for training new recruits, and the land use is primarily barracks, train-
ing facilities, administrative buildings, drill fields, and recreational areas.

The area surrounding the Main Base is primarily residential with a commercially
zoned area adjacent to the residential areas. There are two lakes within the Main
Base property (Lakes Baldwin and Susannah) and four lakes (Spier, Forest, Shannon,
and Gear) located in the residential areas adjacent to the facility (C.C. Johnson,
1985).

McGoy Annex. The McCoy Annex was originally owned and operated from 1950 to the
late 1950’'s by the U.S. Air Force Strategic Air Command as the Pinecastle Air
Force Base. It then became the McCoy Air Force Base from the late 1950's to 1974
when NTC, Orlando acquired the facility and renamed it the McCoy Annex (C.C.
Johnson, 1985).

The land at McCoy Annex is essentially flat and gently sloping from north to south
with little change in grade. The elevation is approximately 90 feet above msl
and surface water flows south into the Boggy Creek Drainage Basin approximately
4 miles south of the Annex (C.C. Johnson, 1985). Surface water from Boggy Creek
then flows into East Lake Tohopekaliga approximately 12.5 miles south of the
Annex.

The McCoy Annex occupies 877 acres outside of the Orlando city limits and is
located adjacent to Orlando International Airport on the east. There are two
elementary schools located within a mile of the Annex on the west boundary and
most of the area immediately adjacent to the Annex to the west is vacant wooded
area. The Beeline Expressway forms the northern boundary. The property north of
this expressway i1s used primarily for airport-related industry. Adjacent to the
southern boundary are undeveloped woodlands. Land use at McCoy Annex is primarily
housing and recreation (golf course) with limited operational facilities (C.C.
Johnson, 1985).

Area "C". Area "C" was constructed in 1942 to provide support services for the
Army Air Corps Orlando Air Base and consists of a laundry facility, supply
storage, and the Defense Property Disposal Office (DPDO) facility. The laundry
facility has been operated for military use since 1942. From 1942 to 1957, the
supply storage warehouses and salvage yard received military supplies and salvage-
able material transported there by a railroad system. Since 1957, all materials
have been shipped to Area "C" for storage via truck. In 1959, the DPDO took over
operation of the salvage yard. The laundry facility, supply storage warehouses,
and the DPDO have operated under the command of NTC, Orlando (ABB-ES, 1994a).

Area "C" is surrounded by urban development and multi-family residences to the
north (with single family residences across Lake Druid), single family residences
to the south and west, and an office park to the east. There are no industrial
facilities in the vicinity of Area "C" (C.C. Johnson, 1985).

Herndon Annex. Herndon Annex borders a major residential area and is adjacent
to the Herndon airport (C.C. Johnson, 1985). The Herndon Annex land surface
slopes from a high of approximately 120 feet msl at the southwest corner to its
low point of about 93 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, 1980).
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2.3 SCOPE OF WORK. Field investigations to be performed by ABB-ES will be
designed to characterize soil, surface water, sediment, and groundwater conditions
at the site. Tasks may include, but not be limited to, the following elements:

. geophysical surveys,

. test pit excavations,

. soil borings,

. monitoring well installations,

. soil gas sampling,

. soil and groundwater sampling,

. surface water and sediment sampling,

. water level measurements and aquifer tests,

+ TerraProbe™ investigations,

. Unexploded ordnance (UXO) clearance surveys, and
. seismic refraction surveys (information regarding the handling and use

of explosives is provided in Appendix C).

2.4 SPECIFIC POINT OF INTEREST (POI) RISKS. ABB-ES has been tasked to conduct
investigations at POIs identified in the Environmental Baseline Survey (EBS) of
NTC, Orlando conducted by ABB-ES (1994b). The overall hazard level at NTC,
Orlando is anticipated to be low. General health hazards and safety hazards
associated with investigations at NTC, Orlando are presented in this section.

2.4.1 Health Hazards The potential health hazards associated with the POIs
include inhalation, ingestion, and dermal contact of organic and inorganic
chemicals that may be present in the subsurface soils and/or groundwater.
Chemical Hazard Response Information System (CHRIS) data sheets for these
compounds are presented in Chapter 3.0.

The primary hazards associated with several of the POIs are: gasoline or other
fuel-related compounds, compounds including aliphatic and chlorinated solvents,
pesticides, explosive chemicals, landfilled biological waste (information on blood
borne pathogens is included in Appendix D), and radionuclides in the groundwater
at the North Grinder and McCoy Annex landfills (information on ABB-ES' radiation
protection program is included in Appendix E). Groundwater and surface water in
the vicinity of the wastewater treatment plant and associated infiltration and
sludge beds may contain coliform or nitrogen species at levels exceeding
regulatory guidelines. 1In addition, during warm months (spring through early
fall), tickborne Lyme Disease may be a potential health hazard in the NTC, Orlando
region (information on Lyme Disease is included in Appendix F). Table 2-1 lists
the expected wastes and probable contaminants of concern at NTC, Orlando
identified during the Initial Assessment Study (IAS).

2.4.2 Safety Hazards Safety hazards include those typically encountered during
operation of heavy equipment such as drilling rigs and backhoes and vibratory
coring equipment. Special attention must be given by personnel working in the
vicinity of this equipment to remain a safe distance from moving parts and tools.
The subcontractors retained to operate this equipment will be solely responsible
for the safety of their personnel. Clearance of underground and overhead
utilities will be coordinated with the appropriate NTC, Orlando personnel.
Additional underground clearance support will be available through geophysical
survey results.
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Table 2-1

Initial Assessment Study Points of Interest (POls)

Health and Safety Plan
NTC, Orlando
Orlando, Florida

Sitltl:?\lo. POl Name g:z:)a(:igrfl Expected Waste Types gsutela:]tal:;i Current Use
1 North Grinder 1958 to 1967  Film, photographic chem- 194,000 cubic Training opera-
Landfill icals, paint thinner, yards of waste, tions, administra-
perchloroethylene still one-third of which  tive functions,
bottoms, garbage from was removed and housing.
mess halls, cardboard during dormitory
boxes, biological wastes construction.
(syringes from hospital),
paper, plastic, tree limbs,
and construction materi-
als.
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),
hospital wastes (syringes,
dressings, blood, and
urine), radioactive waste,
automobile 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 2-1 (Continued)
Initial Assessment Study Points of Interest (POls)
Health and Safety Plan
NTC, Orlando
Orlando, Florida
Si tlé\?\lo. POl Name g::e“r)ac:ig; Expected Waste Types gsut'ar:,::ii: Current Use
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, anticoagulant, 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, endothall, 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 2089 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
WWTP nitrate, arsenic, and zinc
Source:  Hazard Ranking System Il (ABB-ES, 1992) and Initial Assessment Study {IAS) (C.C. Johnson, 1985).
Notes: POl = point of interest.
WWTP = wastewater treatment plant.
PCBs = polychlorinated biphenyls.
DRMO = Defense Reutilization and Marketing Office.
NaOH = sodium hydroxide.
2,4-D = 2,4-dichlorophenoxyacetic acid.
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UX0 may potentially be of concern at some of the POIs. If this is the situation,
a qualified contractor will first clear the areas prior to commencing subsequent
tasks at POIs where UXO is a concern. Appendix G details the basic methodologies,
concepts, and considerations that will be incorporated during the activities at
these sites.

Safety hazards exist when working on boats or floating platforms; all persons will
have the ability to swim and will wear personal floatation devices when working
on boats or floating platforms.

The primary safety hazards associated with any intrusive work (test-pitting and
drilling) at the North Grinder and McCoy Annex landfills includes exposure to
sharp medical wastes (syringes and broken glass), asbestos, transformer oil
containing polychlorinated biphenyls (PCBs), and radioactive waste.

2.4.3 Specific POI Risks

2.4.3.1 site 1, North Grinder Landfill The North Grinder Landfill (Site 1) was
located in the northwest corner of the Main Base and covered approximately 15
acres. Buildings used for training operations, administrative functions, and
housing surround Site 1 (ABB-ES, 1992). The wastes reportedly disposed in the
landfill include film, photographic chemicals, paint thinner, garbage from mess
halls, cardboard boxes, biological wastes and syringes from the hospital, paper,
plastic, tree limbs, and construction materials. A summary of disposal history
for the North Grinder Landfill and other sites is provided in Table 2-1.
Reportedly, there were no known 55 gallons drums disposed in the landfill. It
is estimated that the quantity of waste disposed in the landfill was 194,000 cubic
yards, approximately 1/3 of which was removed during construction of Buildings
212 and 214 (C.C. Johnson, 1985).

Four shallow monitoring wells were installed at the site and analyses of samples
collected from these wells indicated the presence of elevated levels of iron,

arsenic, zinc, manganese, methylene chloride, phenols, and radionuclides (Geraghty
& Miller, 1986).

2.4.3.2 8Site 3, McCoy Annex Landfill The McCoy Annex Landfill is located in the
southern part of the McCoy Annex. The landfill is currently a nine hole golf
course, and is surrounded by residential areas on the north, NTC, Orlando
facilities on the east, and wooded areas on the west and south (ABB-ES, 1992).

The wastes disposed in the landfill were reportedly paint, paint thinner,
asbestos, transformers (possibly with transformer oil containing PGBs), autoclaved
hospital wastes (including syringes, dressings, blood, and urine), radioactive
waste, automobile batteries, steel cable, airplane parts, brick, fire hoses,
parachutes, trees, leaves, paper, plastic, scrap wood, scrap metal, sections of
pipe, and possibly waste oil. A summary of the disposal history for the McCoy
Annex Landfill and other sites is provided in Table 2-1. It is unknown if the
transformers and batteries were drained. The golf course was constructed over
the landfill area during 1981 (C.C. Johnson, 1985).

Geraghty & Miller (1986) reported that the monitoring wells installed during the
Verification Study should have encountered any constituents moving with the
groundwater. Analyses of groundwater samples indicate elevated levels of iron
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(9,800 parts per billion [ppb]), arsenic (20 ppb), zinc (40 ppb), radionuclides,
and manganese. Benzene (31 ppb), chlorobenzene (36 ppb), ethylbenzene (10 ppb),
l,4-dichlorobenzene (8.3 ppb), and naphthalene (16 ppb) were also detected.
Contaminants detected in surface water samples collected along the drainage canals
included phenols (3,400 ppb), methylene chloride (6.7 ppb), and lead (12 ppb).
Arsenic was detected in the sediments from one sampling area at 53 ppb (Geraghty
& Miller, 1986). The Hazard Ranking System II reported that analyses of leachate
samples indicated the presence of mercury; however, no data from the Verification
Study were available to support this claim (ABB-ES, 1992).

2.4.3.3 Site 6, McCoy Annex Defense Reutilization and Marketing Office (DRMO)
The McCoy Annex DRMO is located in the southeastern section of the McCoy Annex
and is surrounded by Building 7193 on the north, Building 7191 on the southeast,
Ammons Avenue on the southwest, and Building 72312 on the west (ABB-ES, 1992).

The McCoy Annex DRMO was used for storage of 73 55-gallon drums containing
chemical waste since at least 1984. During the IAS, it was noted that these drums
were in various stages of deterioration and at least one was completely corroded.
Few labels or markings were observed on the drums, but they were reported to have
contained used motor oil, antifreeze, and hydraulic fluid (possibly containing
PCBs). One drum was marked "Soilax Liquid 'S’ Plus, Multipurpose Cleaner", which
contains sodium hydroxide and 2-butoxy ethanol. Another drum was marked "Paint
Thinning Liquid." A summary of disposal history for the McCoy Annex DRMO and
other sites is provided in Table 2-1.

Groundwater samples collected by Geraghty & Miller (1986) during the Verification
Study at this site were analyzed and reported to contain trace amounts of
methylene chloride (9.6 ppb), copper (50 ppb), lead (14 ppb), and zinc (610 ppb).
In addition, the Verification Study identified elevated concentrations of iron
(9,800 ppb), radionuclides, manganese (1,300 ppb), benzene (31 ppb), chlorobenzene
(36 ppb), ethylbenzene (10 ppb), 1,4-dichlorobenzene (8.3 ppb), and naphthalene
(16 ppb); however, no laboratory data exist in the Verification Study report to
support these findings. No detectable priority pollutants were found in soil
composite samples from the site except for mercury (1.2 ppb) and trace methylene
chloride (Geraghty & Miller, 1986).

2.4.3.4 8ite 8, 0ld Pesticide Storage Building The O0ld Pesticide Storage
Building was located in the southeast corner of the Main Base adjacent to Trident
Lane before it was demolished in 1981. The building was located on the edge of
the golf course and was surrounded on the northwest by Lake Baldwin, on the west
by residential areas, and on the south and east by the golf course (ABB-ES, 1992).

Pesticides reported to have been used at the facility include chlordane, phenyl
mercuric compounds, baygon, diazinon, anticoagulant, malathion, pyrethrum, diron,
2,4-dichlorophenoxyacetic acid (2,4-D), and monuron (C.C. Johnson, 1985).
Analyses of groundwater samples collected during the Verification Study indicated
trace levels of bis(2-ethylhexyl)phthalate (6 ppb), ethylbenzene (13 ppb), phenol
(7 ppb), 2-chlorophenol (7 ppb), 2,4-dichlorophenol (33 ppb), chlordane (7 ppb),
naphthalene (26 ppb), and zinc (30 ppb) (C.C. Johnson, 1985). A summary of
disposal history for the 0ld Pesticide Storage Building and other sites is
provided in Table 2-1.
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2.4.3.5 8ite 9, Lake Baldwin Lake Baldwin, also referred to as Lake Corrine,
is located in the central to northeast part of the Main Base, and is surrounded
by NTIC, Orlando facilities, the Naval Hospital, and a recreation area (ABB-ES,
1992).

Film and photographic development chemicals were drained from Building 2089
through a storm sewer and onto the southwest shore of Lake Baldwin from the early
1950's to 1978. The chemicals discharged included photographic developers,
fixers, and activators (C.C. Johnson, 1985). A summary of disposal history for
Lake Baldwin and other sites is provided in Table 2-1. Surface water sampling
results indicate that alpha-BHC occurs at levels of 0.1 ppb.

2.4.3.6 Site 10, McCoy Annex Wastewater Treatment Plant (WWTP) The McCoy Annex
WWTP is no longer present at the site, but the area where it was located is north
of Site 3, directly across 8th Street. The site is surrounded on the remaining
three sides by wooded areas (ABB-ES, 1992).

No information was found for this site to determine the years of operation,
potential contamination, or other historical data. Limited information of
disposal history for the McCoy Annex WWTP and other sites is provided in Table
2-1. During the Verification Study, two shallow monitoring wells were installed
at the site, and analyses of the samples indicated the presence of iron (4,800
ppb), manganese (170 ppb), sulfate (340,000 ppb), nitrate (32,000 ppb), arsenic
(25 ppb), and zinc (70 ppb) (Geraghty & Miller, 1985).

2.4.4 Levels of Protection Information regarding the levels of protection that
will be used during this field investigation are listed below:

. geophysical survey, Level D;

. test pit excavation and sampling, Modified Level D, or Level B if the
information available is insufficient to identify the hazards;

. boring and subsurface soil sampling, Modified Level D;
. monitoring well installation and sampling, Modified Level D; and

. surface water and sediment sampling, ecological sampling, water level
measurement, and aquifer testing, Level D.

Descriptions of each protective ensemble (i.e.
provided in Appendix H.

, Level A, Level B, etc.) are

Modified Level D protection is anticipated to be sufficient for a majority of the
exploratory and sampling work to be conducted at the installation. Rarely are
breathing zone levels of contaminants expected to increase to the point where
respiratory protection is required; however, a photoionization detector (PID) or
flame ionization detector (FID) and Draeger tubes will be in use at each
exploratory location to monitor the breathing zone.

2.4.5 Monitoring The work environment will be monitored to ensure that
Immediately Dangerous to Life and Health (IDLH) or other dangerous conditions are
identified. At a minimum, monitoring will include evaluations for combustible
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atmospheres, oxygen-deficient environments, and hazardous concentrations of
airborne contaminants. The combustible gas meter, set to alarm at 10 percent of
the lower explosive limit (LEL), will be continuously used.

2.4.6 Air Sampling To the extent feasible, the presence of airborne contaminants
will be evaluated through the use of direct reading instrumentation. Information
gathered will be used to ensure the adequacy of the levels of protection being
used at the site, and may be used as the basis for upgrading or downgrading the
levels of protection in conformance with action levels provided in this HASP and
at the direction of the task HSO.

The following sampling equipment will be used at the site:
1. 1ISD dual detector (0,/LEL),

2. HNU™ IS101 and Photovac total ionizables present (TIP™) photoionization
detectors,

3. detector tubes (MSA and Draeger)
4. FID, and

5. radiation detector (i.e., pancake Geiger Mueller [GM] detector or gamma
scintillation detector).

Refer to Appendix I for information on the calibration and maintenance of the
equipment.

2.4.7 Personal Monitoring

Thermoluminescent Dosimetry (TLD) Body Badges. These devices are nonmechanical
collection devices used to monitor for x-ray, beta, and gamma radiation exposure.
They are worn by ABB-ES associates and sent to Landauer, Inc., for analysis on
a quarterly basis.

Note: It is ABB-ES's policy that every associate wear dosimeters while on
military installations.

Personal monitoring may be warranted if there is a potential of exposure to a
substance that has a specific substance OSHA standard (i.e., asbestos
29CFR1910.1001), or to characterize the personal exposure of high-risk employees
to the hazardous substances that they may encounter onsite.

2.4.8 Hearing Protection All personnel exposed to noise levels in excess of
85 decibels will be required to wear hearing protection.
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3.0 CHEMICAL HAZARDS RESPONSE INFORMATION SYSTEM (CHRIS) DATA SHEETS

These sheets were originally authored and assembled by the U.S. Department of
Transportation (USDOT) and U.S. Coast Guard (USCG) for over-land and over-sea
transportation information and guidelines, and are provided in this HASP to
disseminate information needed for decision-making personnel during the transport
and handling of chemicals. In addition, these sheets should be used to achieve
better safety procedures and to prevent accidents.

CHRIS data sheets have been included for the following compounds: arsenic, methy-
lene chloride, phenol, mercury, benzene, chlorobenzene, ethylbenzene, tetrachloro-
ethylene (perchloroethylene), 2-chlorophenol, 2,4-dichlorophenol, chlordane,
naphthalene, diazinon, 2,4 - D, dichlorvos, dieldrin, diuron, kepone, malathion,
naled, mineral oil, motor oil, transformer oil, pyrethrins, and turpentine (paint
thinner).
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ARX

Common Synonyms Solid crysisis Gray
Arsenic, sokd
Gray arsanic Sinks in water.

AVOID CONTACT WITH SOLID AND DUST. KEEP PEOPLE AWAY.
Wear seif-contaned posilive pressura breathing apparatus

and full protective clothing.

Stay upwing and use water spray o 'knock down'' dust.

Stop mischarge 1t possidie.
Isoiate and remaove discharged malerial.
Notty local heaith ana pollution control agencies.

Can be heated to bum

POISONOUS GASES ARE PRODUCED IN FIRE.

Wear self. positive pr

and tull protective clothi

Fire

]

Extinguish smail fires: dry chemlca carbon dioxide,
water spray or foam; large fires: water spray, fog or foam.

6. FIRE HAZARDS
6.1  Flash Point: Not pertinent
62 Flammable Limits In Alr: Not pertinent
6.3  Fire Extinguishing Agents: Small fires: dry

6.4 Fire Extinguishing Agents Not to be

6.7 Ignition Tempersture: Not partinent
6.5 Electrical Hazare: Data not avaiable
{Continued)

10. HAZARD ASSESSMENT CODE
(Ses Hazard Asssssment Handbook)

CALL FOR MEDICAL AlD.

DUST
POISONOUS IF INHALED.
Move victim to fresh ar.

tf breathing is ditficult, give oxygen.

IF IN EYES OR ON SKIN, immediatsly flush with running water
for at Jeast 15 minutes; hold eyelids open it necessary
it breathing has stopped. gve artificial respiration,

7. CHEMICAL REACTIVITY

7.1 Reactivity With Water: No reaction
12 y with (
Incompatible with zinc.

7.3 Stability During Transport Stable
7.4 Neutrsiizing Agents for Acids and
Caustics: Not pertinent
7.5 Polymerizatiorc Not pertinant
7.8 inhibitor of Polymerization:

11.  HAZARD CLASSIFICATIONS

11.1 Code of Federsl Reguiations
Poison; B
112 NAS Hazerd Rsting for Buik Water

IF SWALLOWED.
Exposure IF IN EYES OR ON SKIN, flush with running water for at least
—————— 15 minutes: hold eyelids open if necessary.
IF SWALLOWED and victim is CONSCXOUS and has not vomited, induce
vomiting with syrup of ipeca
IF SWALLOWED and victim is UNCONSCIOUS OR HAVING CONVULSIONS, do
nothing except keep victim warm,
Effacta of low on aquatic life is unknown.
water May be il it anters water intakes.
Notify iocal health and wildiife officials.
PO“U“O" Notity operators of nearby water intakes.
1. RESPONSE TO DISCHARGE 2 LABEL
(See 2.1 Category: Poison
Issue waming - poison. 22 Claes: 8

Restrict access
Shouid be removed.
Chemical and physical trestment.

& WATER POLLUTION

Aquatic Toxicity: Data not availabie

Watserfow! Toxicity: Data not available

Blological Oxygen Demand (BOD):
None

8.4 Food Chain Concentration Potentiak

Bioaccumulated by fresh water and

i A

12 PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State at 15°C and 1 stme
Solid

122 Molecular Weight 74.9216
123  Boling Point ot 1 st
1,135'F = 813°C = 888°K (subismes)
124 Freexzing Polat: Not pertinent
128 Critical Temperature:
1477.4°F = 803°C = 10762°K
128 Critical Pressure:
5027.4 psia = 342.0 atm =
34.8 MN/m?*
12.7  Specific Gravity:
5.727 at 25°C (sofid)
128 Uaquid Surface Tension: Not pertinent
129 Liquid Water Interfacial Tension:
Not pertinent
1210 Vapor (Gas) Specific Gravity:
Not pert
1211 Ratio of Specific Heats of Vapor (Gask
Not pertinent
1212 Latent Heat of Vaportzatios
Not pertinent
1213 Heat of Combustion: Not perunent
12.14 Heat of Decomposition: Not pertinent
12.18 Heat of Solutior: Not pertinent
1216 Heet of Polymerization: Not pertinant
12.25 Heat of Fusion: Daia not avaisbie
1228 Limiting Value: Data not aveisbie
1227 Reid Vapor Pressure: Data not avaiiabie

6. FIRE HAZARDS (Continued)

marine aquatic organiams.
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS
3.1 CQ Compatibility Class: Not listed 4.1 Physical State (as shipped) Solid
32 Formuix As 4.2 Color: Siver-gray
33 IMO/UN Designation: 6.1/1558 43 Odor: Data not availabie
3.4 DOT ID No.: 1558
3.5 CAS Registry No.: 7440-38-2
5. HEALTH HAZARDS 9. SHIPPING INFORMATION
51 P Wear seit positive ing ap and 9.1 Grades of Purity: Crude, 90-95%;
Mwm.cﬁv.doﬂm Refined, 99%; Semiconductor,
52 Poi by i of dust or by ingestion. Regardiess of 99.999%
wmm anmmmdmmaw 922 e
ANl chemical torms of arsenic eventually produce similar toxic effects. Symptoms may be 9.3 Inert Atmosphere: Not Neted
delayed. 94 Venting: Not pertinent
53 Trestment of Exposurs: Get mecdical attention after any exposure to this matal. INHALATION:
Move victim to fresh air. It breathing has stopped, give artificial respiration. if breathing is
aifficult, give oxygen. EYES OR SKIN: immediatoly flush with running water for at least 15
minutes; hoid eyelids open it appropriaie. Use sosp and water to clean skin. Remove and
isolate contaminated clothing and shoss. INGESTION: If the victim is alert and has not vomited,
induce vomiting with syrup of ipecac.
5S4 Threshoki Limit Value: 0.2 mg/m®*
55 Short Term Inhsiation Limits: Data not available
58 Toxicity by ingestio= Data not available
57 Late Toxicity: Human Causes 0 and igenic affects along
with damage to the g: tract and of the liver and kidneys.
S8 Vapor (Gas) Irritant ( Data not Buming pertinent
59 Liquid or Solid (rritant ( Data not . o R e

5.10 Odor Threshoid: Data not available

s11

IOLH Value: Data not available

610 A Flame T

6.12 Flame Temperature: Data not available

P Data not available
8.11 Stoichiometric Alr to Fuel Ratio: Data not available
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ARX

ARSENIC

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. - British thermal
Temperature Pounds per cubic Temperature British thermal Temperature P . Temperature i
(degrees F) foot (degrees F) unit per pound-F (degrees F) ung‘;a:pep'eozzgur (degrees F) Centipoise
N N N N
o (o] (o} (o}
T T T T
P P P P
E E E E
R R R R
T T T T
1 I | I
N N N N
E E E E
N N N N
T T T T

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermat unit
(degrees F) pounds of water {degrees F) square inch (degrees F) foot (degrees F) per pound-F
| N N N
N o} o} (o}
S T T T
o}
U E E E
B R R R
L T T T
E | 1 1
N N N
E E E
N N N
T T T




PHENOL

PHN

11.1 Code of Federsi Reguiations:
Poison, B
11.2 NAS Hazard Rating for Bulk Water

11 HAZARD CLASSIFICATIONS

1221

122
123

128

127

128

129

12,10

121

1212

1213

1214
121§
1218
1228
122¢
1227

PHYSICAL AND CHEMICAL PROPERTIES

Pivysical State at 15°C and 1 atm:
Soid or liquid

359.2°F = 181.8°C = 455.0°K
Freazing Point:

105.6°F = 40.9°C == 314.1°K
Critical Tempersture:

790.0°F = 421.1°C = 684.3°K
Criticai Pressure:

889 psia = 60.5 atm = 6.13 MN/m?*
Specific Gravity:

1.058 at 41°C (liquid)
Uquid Surface Tension:

36.5 dynea/em = 0.0365 N/m at 55°C
Liquid Water interfacial Tension:

(ost) 20 dynes/cm = 0.02 N/m at 42°C
Vapor (Gas) Specific Gravity:

Not pertinent
Ratio of Specific Heats of Vapor (Gask

1.089
Latent Heat of Vaportzation:

130 Buw/lb = 72 cal/g =

2.0 X 108 J/kg
Heat of Combustion: — 13,400 Ba/Bb

= —7,445 cal/g = ~311.7 X 10 J/kg

6 FIRE HAZARDS (Continued)

Common Synonyms Sold crystaix. or ‘Whits soiid, or fight Swest tarry odor HAZARDS
watery quid pink Rquid ¢ e . .
:""o'.w:wz- od 8.1 Flash Point 185°F O.C.; 175°F C.C.
Phenic ackl . . 62 Flammable Limits in Alr: 1.7%-8.6%
Phenyl hydroxide May float or sink, and moxes siowly with water. 83 Fire Extinguishing Agents: Water fog.
foam, carbon dioxide, or dry chemical
€4 Fire Extinguishing Agents Not to be
AVOID CONTACT WITH LIQUID AND SOLIO. Keep paopie away. Usect Not pertinent
Wear pogg!esmsa if-containad breathing apparatus, and rubber overciothmng 6.5 Special Hazards of Combustion
ncluding gloves . L
Stop discnarge 1 pasadie. Call fira deoartmont Products: Toxc and imtatng vapors we
Evacuate area in case of large wschuwge generated when heated.
Isolate and remove discharged mat .
Notity local heaith and poilution CONITol agencies. 6.6 Bohavior in Firs: Yields fimmabie vepors
when heated which wili form expiosive
POISONOUS GASES ARE PRODUCED IN FIRE. 8.7  ignition Temperature: 1316°F
Wear goggles, self-conlanad breathing and rubber ] 68 Electrical Hazard: Not pertinent
{including gloves).
Extinguish with water, carpon dioxide, dry chemical, or foam. bt w Ratec 3.5 mm/min.
Fire Cool expased containers with water. a.10 Rame T
Data not availabie
(Continued)
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
LIQUID OR SOUID .
POISONOUS IF SWALLOWED. 7.1 Reactivity With Water: No reaction
Will burn skin and eyes. 72 with No
Remove contaminated clothing and shoes. reaction
Flush affected areas win plenty of water.
IF IN EYES. hold eyelds open and flush with plenty of water 7.3 Stabliity During Transport: Stable
IF SWALLOWED and victm 1s CONSCIOUS, have victim dnnk water 7.4 Neutrailzing Agents for Acids and
or milk.
DO NOT INDUCE VOMITING. ’s Caustics: N"‘N:':‘“""“
Polymerization: pertinent
Exposure 7.6 inhibitor of Polymerizatior:
—————— Not pertinent
7.7 Wolar Ratio (Reactant to
Product): Data not available
7.8 Reactivity Group: 21
HARMFUL TO AQUAT\C LIFE IN VERY LOW CONCENTRATIONS.
Water May be dangerous if it enters water intakes,
Notify locail health and widiite officials.
Pollution Notity operators of nearby water intakes.
1. RESPONSE TO DISCHARGE 2. LABEL 8. WATER POLLUTION
(See 21 Category: Poison 8.1 Aquatic Toxicity:
Issue warning-poison 22 Class: 8 11.5-28.5 mg/1/96 hr/bluegill/TL,/fresh
Restrict access water
Should ba removed 1.5 ppm/48 hr/rainbow trout/TL,/fresh
Chemical and physical treatmernt veater
82 y: Data not
8.3 Blological Oxygen Demand (BOOX
200%, 5 days
31 CHEMICAL DESIGNATIONS 4, OBSERVABLE CHARACTERISTICS 8.4 Food Chain Concentration Potentiak
41 CG Compatibility Class: Phenol, cresol 4,1 Physical State (se shipped): None
32 Formula: CeHsOH Solid or molten liquid
33 IMO/UN Designation: 5.0/1671 4.2 Color: Coloriess to light pink
34 DOTID No.: 1671 4.3 Odor: Characteristically sweet: sweet, tarry;
35 CAS Registry No: 108-95-2 pungent, distinctive; distinct, sromatic,
’ somewhat sickening sweet and acrid
5. HEALTH HAZARDS 9. SHIPPING INFORMATION
51 Fresh-air mask for confined arees; rubber gloves: protective 9.1 Grades of Purity: 90-99% (soiid), 60-85%
clothing: full face shisld. (Nquid). Technicak 82-82% (cortains
52 Wil bum ayes and skin. The aneigesic action may cause loss cresols)
ofpmumnon Readily absorbed through skin, causing incresse in heart rate, convuisiona, 9.2 Storage Tempersture: Ambient
and death. 9.3 Inert Atmosphere: No requirement
§3 Treatment of Exposure: INHALATION: i victim shows ary il effects, move him (o fresh air, keep 9.4 Venting: Pressure-vacuum
him quiet and warm, and call a doctor immediately; if breathing stops, give antificial respiration.
INGESTION: do NOT induce vomiting; give mifk, agg whites, or large amounts of water and call
doctor i no known treat the EYES: & flush with plenty
of water for at least 15 min.; continue for another 15 min. if doctor has not taken over. SKIN
immediately remove all clothing while in & shower and wash affected ares with sbundant flowing
water or soap and water for at least 15 min.; clean clothing thoroughly or discard.
5.4 Threshold Limit Yalue: 5 ppm (includes skin exposurs).
5.5 Short Term inhalation Umita: Data not available
58 Tolkllvbylng.cﬂom GrndoZ:LD-o = 0.5 to 5 g/kg (rat)
57 Late Y in Yy animais
58 vw(ounmumcmnemuee vmmmmmmmmﬂ
find high concentrations unplesant. The etfect is temporary. 6.1 Stoichiometric Alr to Fuel Ratic: Data not avaisble
5.9 Liquid or Solid rritent Characteristics: Fairly severe skin imitant; may cause pain and second- 612 Fame T Data not
degres bums after a few minutes’ contact
5.10 Odor Threshoid: 0.05 ppm
5.11 IDLH Vaive: 100 ppm
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PHN

PHENOL

12.17
SATURATED LIQUID DENSITY

1218
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

British thermal unit

British thermal

Temperature Pounds per cubic Temperature Temperature i Temperature .
(gegr:'eeas F fo%t (degeees F) pgs‘t,i?:antgf (degeges F) ungasg:‘e""‘;’o?_?_-ur' (degprges F) Centipoise

110 65.870 108 .561 122.02 1.113 110 4.302
115 65.719 109 .561 115 3.929
120 65.559 110 561 120 3.594
125 65.410 111 .561 125 3.292
130 65.250 112 .561 130 3.021
135 65.099 13 561 135 2.775
140 64.940 114 .561 140 2.554
145 64.790 115 .561 145 2.353
150 64.629 116 .561 150 217
155 64.469 117 .561 155 2.005
160 64.309 118 .561 160 1.855
165 64.160 119 561 185 1.718
170 64.000 120 .561 170 1.593
175 63.840 121 .561 175 1.479

180 63.670 122 .561

185 63.510 123 .561

190 63.350 124 .561

195 63.190 125 .561

200 63.020 126 .561

205 62.860 127 .561

210 62.690 128 561

129 561

130 .561

131 .561

132 561

133 561

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
68.02 8.400 70 .012 70 .00019 0 .224
80 017 80 .00027 25 .237
90 024 90 .00039 50 .250
100 .034 100 .00054 75 .262
110 048 110 .00074 100 274
120 .066 120 .00100 125 .286
130 .091 130 00135 150 .297
140 123 140 .00180 175 .309
150 165 150 .00238 200 319
160 .220 160 00311 225 .330
170 .289 170 00403 250 341
180 378 180 00518 275 .351
190 .490 190 00661 300 .360
200 .629 200 .00836 325 .370
210 .802 210 .01050 350 379
220 1.016 220 .01311 375 .388
230 1.278 230 .01624 400 .397
240 1.596 240 .02000 425 .405
250 1.982 250 .02449 450 414
260 2.446 260 .02980 475 422
270 3.002 270 03607 500 .429
280 3.663 280 04342 525 A36
290 4.446 290 .05200 550 A44
300 5.370 300 .06197 575 .450
310 6.453 310 .07350 600 .457
320 7.718 320 .08679




MERCURY

MCR

10.  HAZARD ASSESSMENT CODE
(See Hazard Assesament Handbook)
A-X

11 HAZARD CLASSIFICATIONS

1.1 Code of Federal Reguistione
ORM-B

112 NAS Hazard Rating for Bulk Water
Transportation: Not listed

113 NFPA Hazard Classification:
Not tsted

3 A

3. CHEMICAL DESIGNATIONS

CQ CompetibiRty Class: Not ksted
Formuia: Hg

1MO/UN Designation: Not ksted
DOT ID No: 2809

CAS Regietry No 7439-97-8

4, OBSERVABLE CHARACTERISTICS

Physical State (as shipped) Liquid
Calor: Sitvery
Qdor: None

i

Common Synonyme Liusd Stver Odoriess & FIRE HAZARDS
Quicksitver 81  Fissh Polnt: Not fammable
Sinks i 62 Flammabile Limits in Alr: Not flammabie
n watar. €3  Fire Extinguishing Agents: Not pertinent
4.4 Fire Extinguishing Agents Mot to be
Used: Not pertinent
AVOID CONTACT WITH LIOUIO. Keep pacple away. 65 Special Razards of Combustion
sma:::wnm Products Not pertinent
l"’"' o """""m-w 65 Behavior in Fire: Not fiammabie
vocal nd 4.7 Ignition Temperature: Not lammabie
6.8 Electrical Hazard: Not pertinent
6.9 Buming Rate: Not flammabie
610 Fame T -
Not flammable. Data not avaiable
.11 Stoichiomestric Air to Fuel Ratio:
Data not avalabie
.12 Flame Oata
Fire ? e
CALL FOR MEDICAL AID. 1. CHEMICAL REACTIVITY
Liouio 7.1 Reectivity With Water: No reaction
Effects ot axposure may be deiayed. 72 wlth o
reaction
7.3 Stablity During Tranaport: Stable
7.4 Neutralizing Agenits for Acids and
Csustics: Not pertinent
7.5 Polymerization: Not pertinent
Exposure 7.8 inhibitor of Polymertzation:
Not pertinent
7.7 Molar Ratio (Reactant to
Product): Data not available
7.8 Reactivity Group: Data not avadable
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
Wat be dangerous if it enters water intakea.
ater mumn-unm
Pollution Notify operators of nearby water intakes.
L RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION
{See P ) 21 Category: None 4.1 Aqustic Toxicity:
Shouid be removed 0.5-1 ppm/48 hr/caragius
Chemical and physical freatment fresh water

029 ppm/48 hr/marine fish/TL,/salt
water

y: Dama not
Biological Oxygen Demand (BODK
None
Food Chain Concentration Potentiak:
Meraxy concentrates in fver and
idneys of ducks and geess 0 leveis
above FDA mit of 0.5 ppm. Muscle
tissue usually well below the Fmit,

&1

5. HEALTH HAZARDS

cartridge M)
No i

Avoid contact of Nquid with skin. For vapor use chemical

As

mmw loss of appetite, nauses, and darthea are cbeerved. Psychic, kidney, and

To:lenywlm Nomwy
Late of mercury 9
vw(n-)nnmcnmm
Uquid or Sotid lrritant Characteristicss None

5.10 Odor Threshokt Not pertinent

s1

IDLH Value: 28 mg/m*

9. SHIPPING INFORMATION

Grudes of Purity: Pure

Storage Temperature: Ambient
Inert Atmosphere: No requirement
Venting: Open

12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physicel State at 15°C and 1 atme

122 Molecular Weight: 200.59
123 Bolling Point st 1 stm:

2664°F = 1462'C = 1735°K
126 Critical Pressure:
23,300 psia = 1587 atm = 160.8
MN/m?®
127  Specific Qravity:
13.55 at 20°C (iquid)
128 LUiquid Surface Tension:
470 dynes/cm = 0.470 N/m at 20°C
128 - Liquid Water interfacial Tenstore
375 dynea/cm = 0.375 N/m at 20°C
1210 Yapor (Gas) Specific Gravity:

Not pertinent

1211 Rstio of Specific Heats of Vapor (Gas)k
Not pertinent

12.12 Latent Hest of Vaporization:
Not y

1213 Heat of Combustion: Not pertnent
1214 Heat of Decompositiors Not pertinent
1215 Hest of Solution: Not pertinent

1218 Hest of Polymerization: Not pertinent
1225 Heet of Fusion: 2.7 cal/g

1228 Limiting Vaiue: Data not avaiabie
12.27 Reid Vapor Pressure: Data not eveilabie

NOTES
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MCR

MERCURY

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

1219
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. " p British thermal |
Temperature Pounds per cubic Temperature British thermal unit Temperature I . Temperature | .
(degrees F) foot (degrees F) per pound-F (degrees F) ungaﬂg?e%;:gur (degrees F) Centiposse

0 851.399 35 .033 N 0 1.827

5 851.000 40 .033 (0] S 1.801
10 850.500 45 .033 T 10 1.777
15 850.099 50 .033 15 1.754
20 849.699 55 .033 P 20 1.7
25 849.199 60 .033 E 25 1.709
30 848.799 65 .033 R 30 | 1.688
35 848.399 70 .033 T 35 I 1.668
40 847.899 75 .033 | 40 | 1.648
45 847.500 80 .033 N 45 1.629
50 847.099 85 .033 E 50 1.610
55 846.599 90 .033 N 55 1.592
60 846.199 95 .033 T 60 1.575
65 845.799 100 .033 65 1.558
70 845.299 70 1.541
75 844.899 75 1.525
80 844.500 80 1.510
85 844.000 as 1.495
90 843.599 90 1.480
95 843.199 95 1.466
100 842.699 100 1.452

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature | British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) | per pound-F
I N N N
N (o} (o] [0}
S T T T
o}
L P P P
U E E E
8 R R R
L T T T
E I | |
N N N
E E E
N N N
T T T




BENZENE

BNZ

Common Synonyms Watery liquid Coloriess Gasoline-kke odor 6. FIRE HAZARDS 1. MAZARD ASSESSMENT CODE
e 8.1 Flash Point 12'F CC. (See Hazard Assessment Handbook)
62 Flammable Limits in Alr: 1.3%-7.9% A-T-U-V-W
Floats onp::‘:o‘vs :;a";mam. wntating vapor is produced. Freezing 63  Fire Extinguishing Agents: Dry chermscal,
foam. or carbon dioude
6.4  Fire Extinquishing Agents Not to be
xt:: ;:;;7:; :::: iquid and vapor. ’:m"’peome away . Ul_itn"::'d'“:v' ‘: ineffective 11. HAZARD CLASSIFICATIONS
Special s ombustion
Shut ot gron souces and cai o Gepariment et ot peament 111 Code of Fadersl Reguiations:
Slay upwnd and use wale sory Lo knock down” vagar 66 Batavior i Fire Vapor s nemver manar | (SRR e
Nouty local health and pollution control agencies. and may travel considerable distance to a
source of igrition and flash back Transportation:
T RIAGLE 8.7 Ignition Temperature: 1097°F . Category Rating
Flashback along vapor trail may occur. 68 Electrical Hazard: Class |. Group O e, - 3
Vapor may explode if ignited in an enclosed area. 8.9 Buming Rate: 6.0 mm/mn. Heaith
Wear goggles and self-contained breathing apparalus. 8.10 Flame T Vapor iran 1
— Extinguish with dry chernical. foam. o carbon dioxide. Liqand or Sohd Irntant. t
Fire évoa‘;‘ev may be meflective on lre. Data nat avaiable o
ccm— aexposed conlainers wilh water. 8.11 Stoichiometric Air to Fuel Ratio: OSONS ... . 3
Data not available Water Poluton
6.12 Flame Temperature: Data not availabie
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
m:'?n'; 1o eyes, nose and throat, 7.1 Reactivity With Water: No reaction
it inhaled. will cause headache, difficult breathing, or 1058 of consclousness. 7.2 Reactivity with Common Mateciale: No
Move to fresh arr reachon
e e gva xygon_ " espuauon. 73 Stabliity During Transport: Stable
o 7.4 Neutralkzing Agents for Acids and
I‘;'"?‘U(:q 1o skin and eyes. Caustics: Not ml
Harmtul it swallowed. 7.5 Potymerization: Not pertinent
Exposure Remave contamnated clothing and shoes. 7.8 Inhibitor of Palymerization:
Flush atfected areas with pienty of water.
IF IN EYES, hoid eyefids open and flush with plenty of waler. Not pertinant
IF SWALLOWED and victim 1s CONSCIQOUS, have victim dnnk water 7.7 Molar Ratio (Reactant to
or k. Product): Data not available
7.8 Reactivity Group: 32
12 PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State at 15°C and 1 atm:
aARI::l;: 10 AQU'A‘{IC :.IFE IN VEFleLOW CONCENTRATIONS. Liqusd
Water Nl Toear Rash and widhie omaas 122 Molecular Weight: 78.11
Pollutlon Notfy operators of nearby water intakes. 123  Boiing Point at 1 atm:
—————— 176'F = 80.1°C = 353.3°K
124 Point:
420°F = 55°C = 278.7°K
1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION 125  Critical Temperature:
(See 2.1 Category: Flammable liquid 8.1 Agquatic Toxlcity: 552.0°F = 288.9°C = 562.1°'K
issue warning-high flammability 22 Class: 3 5 ppm/6 hr/minnow/lethal/distiled 126  Critical Pressure:
Restrict access water 710 pwa = 48.3 atm = 4.89 MN/m*
20 ppm/24 hr/sunlish/TL/tap water 127  Specific Gravity:
82 Watertowi Toxicity: Data nol available 0.879 at 20°C (liquid)
8.3 Biological Oxygen Demand (BODX 128 Uquid Surtace Tension:
1.2 B/Ib, 10 days 28.9 dynes/cm = 0.0289 N/m a1 20°C
8.4 Food Chain Concentration Potentiat 129  Liquid Water interfacial Tension:
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS None 35.0 dynes/cm — 0.035 N/m at 20°C
3.1 CG Compatibiiity Class: Aromatic 4.1 Physical State (as shipped): Liquid 12.10 Vapor (Gas) Specific Gravity: 2.7
Hydrocarbon 4.2 Cotor: Colorless 1211 Ratio of Specific Heats of Vapor (Gas):
3.2 Formula: CeHe 4.3 Odor ic; rather 1.061
3.3 IMO/UN Designation: 3.2/1114 odor; characteristic odor 12.12 Latent Heat of Vaporization:
3.4 DOTID No: 1114 169 Bw/lb = 94.1 cal/g =
3.5 CAS Registry No: 71-43.2 3.94 X 10 J/kg
1213 Heat of Combustion: —17.460 Btu/lb
= ~-0698 cal/g = —406.0 X 10% J/kg
5. HEALTH HAZARDS 9. SHIPPING INFORMATION 12.14 Heat of Decomposition: Not parinent
12.15 Heat of Solution: Not pertinent
5.1 Personal Hy vapor camster, supplied air or a hose mask: 9.1 Grades of Purity: 12,16 Hest of Polymerization: Not pertinent
hydracarbon-insoluble rubber or plastic gloves: chermcal goggles or face splash shieid: industrial pure ... 12.25 Heat of Fusion: 30.45 cal/g
hydrocarbon-insoluble apron such as neoprene. Thiophene-frae 1228 Umiting Vaiue: Data not available
52 y g Dizziness, exci pallor. by flushing, Nitraton 12.27 Reid Vapor Pressure: 3.22 psia
chest Coma and possible death. Industrial 90% .
5.3 Trestment of Exposure: SKIN: flush with water followed by soap and water. remove Reagent .
contaminated clothing and wash skin. EYES: flush with pienty of water until imtation subsides. 92 Storage Tempersture: Open
INHALATION: remove from exp i J Call a IF ing is ivegulas o 9.3 Inert Atmosphere: No requirement
stopped. start resuscitation, administer oxygen. 9.4 Venting: Pressure-vacuum
5.4  Threshold Limit Value: 10 ppm
5.5 Short Term Inhalation Limits: 75 ppm for 30 mn,
56 Toxicity by Ingestion: Grade 3; LDsu = 50 to 500 mg/kg
5.7 Late Toxicity: Leukemia
5.8 Vapor (Gas) lrritent Characteristics: |f present in high concentrations, vapors may cause
irritation of eyes or respiratory system. The effect is temporary.
5.9 Liquid or Soiid leritant Characteristics: Minimum hazard. it spilied on clothing and ailowed to
remain, may cause smarting and reddening of the skin. NOTES
5.10 Odor Threshoid: 4.68 ppm
5.11 IDLH Value: 2.000 ppm
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BNZ

BENZENE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. e ; British thermal
mparature Pounds per cubic Temperature British thermal unit Temperature ™ Temperature "
1(-:egpree:smF) foe:et (deg?':;s ) per pound-F (degpreees =) unit-inch per hour- (degprges ) Centipoise
square foot-F
55 55.330 45 .394 75 .988 55 724
60 55.140 50 396 80 .981 60 693
65 54.960 55 .398 85 .975 65 .665
70 54,770 60 .400 90 .969 70 638
75 54.580 65 .403 95 .962 75 612
80 54.400 70 405 100 .956 80 .588
85 54.210 75 407 105 .950 85 .566
90 54.030 80 409 110 944 90 544
95 53.840 85 411 115 .937 95 524
100 53.660 90 414 120 .931 100 .505
105 53.470 95 416 125 .925 105 .487
110 53.290 100 418 130 919 110 470
115 53.100 135 912 115 .453
120 52.920 140 .906 120 438
125 52.730 145 .900
130 52.540 150 .893
135 52.360 155 .887
140 52.170 160 .881
145 51.990 165 .B75
150 51.800 170 .868
155 51.620
160 51.430
165 51.250
170 51.060
175 50.870
12.21 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermai unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
77.02 .180 50 .881 50 .01258 0 .204
60 147 60 .01639 25 .219
70 1.535 70 .02109 50 .234
80 1.989 80 .02681 75 .248
90 2.547 90 .03371 100 .261
100 3.227 100 .04196 125 .275
110 4.049 110 05172 150 .288
120 5.033 120 08317 175 301
130 6.201 130 07652 200 313
140 7.577 140 .09194 225 325
150 9.187 150 .10960 250 337
160 11.060 160 .12980 275 349
170 13.220 170 15270 300 .360
180 15.700 180 .17850 325 371
190 18.520 190 .20750 350 .381
200 21.740 200 .23970 375 .392
210 25.360 210 .27560 400 .402
425 412
450 A21
475 431
500 .440
525 .449
550 457
575 465
600 474

(



CHLOROBENZENE

CRB

Common Synonyms Watery tigquad Coloriess Sweet, aimond odor
Monochiorabenzene
Phenyi chionde
Benzene chionde
MCB Sinks in water. Flammabie vapor is produced.

Avoid contact wilh hquid and vapor. Xeep Deople away
Stop aischarge if possible

Cait tire department

Stay upwind and use water spray [0 “knoCk dOwWn ' vapor.

6 FIRE HAZARDS

Flash Pomnt 84'F CC; 97°FOC.
Flammasie Limits in Al 1.3%-7.1%

i

dfy cherrecal. foam or water spray
44 Fire Extinguishing Agents Not to be
Used: ot pertment
&5 Specisl Haxards of Combustion
Products: Burmeng in open flame can

Fire Extinguishing Agents: Carbon dioxde,

16. HAZARD ASSESSMENT COOE
(See Hazard Assessment Handbook)
A-T-X

1L HAZARD CLASSIFICATIONS

11.1  Code ot Federsl Reguistione

Isolale and remove discharged matenal form tooee phosgene and hrydrogen Fammanie kaud
Notty local heaith and poliuion control agencies. nionce gases 112 NAS Hazard Rating for Bulkk Water
66 Behavior in Fire: Heavy vapor can travel a Transportation:
T AMIMABLE Conscerasie SLANCe 10 & SOUrCe of Category “‘“’J““
Flashback along vapor trad may oceur. 'grInon ang flash pack.
Vapor may explode If ignited in an enciosed area. 67 ignition Temperature: 1184°F Heamn 0
Wear goggies and sell-contaned breathung apparatus. 5 Yapor mmtant.......
— Extinguish wilh dry chermcal. foam. or carbon dioxide. 8.4 Electrical Nazard: Daia not svasabie or Soia Irmant 1
Fire 69 Buming Rate: (est) 4.6 mm/man. Laua
10 Fame T PossOns . 2
Data not avadadie Water Polston
Human Toxcity ... t
{(Contnuea) ]
A Eftect .2
CALL FOR MEDICAL AID 7. CHEMICAL REACTIVITY
VAPOR R tvity W 1
It inhaled, wil cause of diznness. 7t Water: No 'w 0
Not uTitating 10 eyes, nose and throat. 72 y with C. No o
Move 10 tresh ar reacbon .
if breattung has stopped. grve artilicial respiration i 11.3  NFPA razard Chwﬂabof:
Il breattng s difticuil, grve orygen 73 Stabikty During Transport: Stsble Category Classification
7.4 Neutrsizing Agents for Acids and
Liauip Caustiex Not pertnent Health Hazard (Blue)..... . 2
Iitaling 10 skin and eyes. } F (Rea 3
Harmtul il swallowed. 7.5 Polymerization: Not pertinent o o
EXPOSUI’E Remove contamnated clothing and shoes. 78 wihibitor of Polymerization: y (Yeliow)

Flush atfected areas wiih pienty of water.

IF IN EYES, hold eyelds open and flush with plenty of water.

IF SWALLOWED and wictim s CONSCIOUS, have victim dnnk water
of milk

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS,
Water May be dangerous if it enters water ntakes.
Notify local health and widkie officaais.

Not perwnent
7.7 Moiar Ratio (Reactant to
Producty Data not availabie
7.8 Reactivity Group: 36

PO"UtiOn Notity operalors of nearby water intakes.
1. RESPONSE TO DISCHARGE 2. LABEL & WATER POLLUTION
(See 2.1 Category: Flammabie liquid 41 Aguatic Toxicity:
Should be removed 22 Class:3 20 ppmy 96 hr/bluegill/ TL,/ fresh water

Chemical and physical treatment

3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS

31 CGC Clsss: 4.1 Physical State (38 shipped): Liusd
hydrocarbon 4.2 Color: Colorless

32 Formuia: CaHiCl 4.3 Odor: Miki amine odor; sweet, almond- wke,

33 IMO/UN Designation: 3.3/1134 aromatc

34 DOTID No: 1134
35 CAS Registry No.: 108-90-7

Watertow! Toxicity: Oata not avalable

Biological Oxygen Demand (BOD):
0.3 b/l 5 days

44 Food Chain Concentration Potential:

Data not avasadie

Lk

5. HEALTH HAZARDS
§.1 Personsl Protective Equipment Organic vapor-acxd gas where

or vinyl gloves: chemical salety spectacies, plus face shield where appropriale; rubber footwear;

apron or impervious clothing lor splash protection:. hard hat.

52 F Irritabng 1o skin, eyes and mucous membranes. Repealed
expowuo!skmmaycaunoermlmsmwddawm Chwonic inhalation of vapors or
mist may result in damage to lungs, liver. and kidneys. ACule vapOr XPOSWES CaN Cause
symptoms ranging from coughing to and central nervous system
deprassion.

5.3 Treatment of Exposure: Get medicai attenton for all eye exposures and any serious

p Treat the INHALATION: remove to clean air: admimster oxygen as
needed. INGESTION: dilute by drinking water: 1t vometing occurs, admnister more water.
Administer saline laxative. EYES: flush thoroughly with water. SKIN: remave contaminated
clothing, wash exposed area with scap and water

5.4 Threshoid Limit Value: 75 ppm

$.5 Short Term Inhalation Limits: Data not avasable

5.8 Toxicity by Ingestion: Grade 2. LD:« = 0.5 10 5 g/kg (rat, rabor)

5.7 Late Toxicity: Data not availabie

5.8 Vapor (Qas) Irritant C! istics: Vapors are tatng [0 the eyes and throat.

5.9 Liquid or Solid Irritant Characteristics: Mwamum hazard. It spiled on clothng and allowed o
remain, may cause smarung and reddening of the siun

5.10 Odor Threshoid: 0.21 ppm

5.11 [DLH Value: 2,400 ppm

9. SHIPPING INFORMATION

Geades of Purity: 99.5%: technical
Storage Temnperature: Ambient
inert Atmosphers: No requrement
9.4 Venting: Pressure-vacuum

ol A

12 PHYSICAL AND CHEMICAL PROPERTIES

121 Physical State at 15°C and 1 atm
Ly
122  Molecular Weight: 112.56
123 Boling Point at 1 strc
270°F = 132°C = 405'K
124  Freezing Point
-50.1°F = —45.6'C = 227.6'K
125 Critical Temperature:
678°F = 359°C = BI’K
126 Critical Pressure:
656 pssd = 44.6 atn = 4 .52 MN/m?
127  Specific Gravity:
1.11 at 20°C (lquad)
128 Ucqud Surfsce Tension
33 oynes/cm = 0.033 N/m at 25°C
129  Linsd Water interfacial Tension
37.41 gynes/cm = 0.03741 N/m at
20C
1210 Vapor (Gas) Specific Gravity:
Not perhnent
1211 Ratio of Specific Heats of Yapor (Gas):
1.094
12212 Latent Hest of Yaporization:
135 Brwb = 75 cal/g =
3.140 X 10° J/kg
12.13 Hest of Combustion: (est) 12,000 Btu/ib
= 6700 cal/g = 280 X 10* J/hg
1214  Heat of Decomposition: Not pertnent
1215 Heat of Solution: Not pertnent
1216 MHest of Polymerization: Not pertment
1225 Mest of Fusion: 2040 cai/g
1226 Lmiting Yalue: Data not avadable
1227 Reid Yapor Pressure: 0.5 psaa

6. FIRE HAZARDS (Contineed)
€11 Stoichiometric Alr to Fuel Ratio: Data not available

612 Flame Temperature: Dala nol avalable
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CRB

CHLOROBENZENE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

1220
LIQUID VISCOSITY

British thermal

Temperature Pounds per cubic Temperature British thermal unit Temperatwe | - T ture "
(degpr:res F fo?)et (degrees F) per pound-F (degrees F) | unns '; "d'i re %:o?—g" . (m F) Centipoise
35 70.419 40 316 —20 956 35 1.027
40 70.230 50 317 —10 .946 40 .987
45 70.040 60 319 0 .937 45 .949
50 69.849 70 321 10 927 50 914
55 69.660 80 .323 20 917 55 .880
60 69.469 90 325 30 .908 60 .848
65 69.270 100 327 40 .898 65 .818
70 69.080 110 329 50 .888 70 .790
75 68.889 120 331 60 .879 75 .763
80 68.700 130 .333 70 .869 80 .738
85 68.500 140 335 80 .859 85 713
20 68.309 150 337 90 .850 90 .690
a5 68.120 160 .339 100 .840 95 .668
100 67.919 170 341 110 .830 100 .648
105 67.730 180 .343 120 821 105 .628
110 67.530 190 345 130 811 110 .609
115 67.339 200 347 140 .801 115 591
120 67.139 210 349 150 792 120 574
125 66.950 160 .782 125 558
130 66.750 170 772 130 542
135 66.559 135 527
140 66.360 140 513
145 66.169 145 .499
150 65.969 150 .486
155 65.770 155 .473
160 65.580

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
{degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
77.02 .049 20 .032 20 .00071 0 178
30 .048 30 00102 25 .188
40 .069 40 .00145 50 .198
50 .099 50 .00204 75 207
60 .140 60 .00283 100 217
70 195 70 00386 125 226
80 .269 80 .00522 150 235
20 .366 90 00698 175 244
100 492 100 .00923 200 252
110 .656 110 .01207 225 261
120 .865 120 .01565 250 269
130 1.130 130 .02010 275 277
140 1.464 140 .02560 300 285
150 1.880 150 03233 325 292
160 2.394 160 04051 350 .300
170 3.026 170 05039 375 307
180 3.797 180 06224 400 314
190 4731 190 07636 425 .320
200 5.856 200 .09309 450 327
210 7.203 210 11280 475 .333
500 340
525 .345
550 .351
575 357
600

o



TETRACHLOROETHYLENE

TTE

Comsmon Synonyms Watery liquid Coloriess Sweet odor & FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
Tetracap 6.1 Flash Point Not flammabie (Ses Hazard Asseasment Handbook)
Perchioroethylens . . . 62 Flammable Limits in Air: Not flsmmabie AX
Perk Sinks in water. Initating vapor is produced. 6.3 Fire Extinguishing Agents: Not pertinent

6.4 Fire Extinguishing Agents Mot to be
Usect: Not parunent
Stop discharge f possible. 65 Specisl Hazards of Combustion 11. HAZARD CLASSIFICATIONS
Avond contact with liqud and vapor, Products: Taxic, #Tiating gases may be
isolate and remove material. genarsted n fres. 11.1 Code of Federal Reguiations:
Notfy local heaith and poiiution control agencies. ORM-A
46 Behavior in Fire Not pertinent
&7  ignition Tempersture: Not flammable 112 NAS Hazerd Rsting for Bulkk Water
&8 BElectrical Hazard: Not pertinent Tramportation:
83  Burming Rats: Not flammabie Catagory Rating
Notllumnz:.-“mmmu 610 Aame T [ T O———— — 0
Duta not avadeble
€11 Stoichometric Alr to Fusl Ratio: :
Data not avadeble
Fire 812 Fame Temp Data not 2
1
3
2
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
VAPOR 7.1 Reactivity With Water: No reaction !
eyes, nose and throat. 0
ummu.w ditficult ing, or loss ot 72 y with No '
Move 10 fresh air. o rescoon
If breathing has stopped, give artificial respwation. 7.3 Stabiity During Transport: Stable
It breathing is difficuil, grve oxygen. 7.4 Neutralzing Agents for Acikds and
uauin Caumstics: Not pertinent
m"mmmw 75 Polymerization: Not pertinent
ExXposure | pamove contaminated ciothing and shoes. 7.4 inhibior of Polymertzation:
N VBB i evctei cpom and s with plenty of wall Nat pertner
open of water.
IF SWALLOWED and victim is CONSCIOUS, have victim dnnk water 77 Moiar Ratio (Reactant to
or milk. Product): Data not available
7.3 Reectivity Group: Data not avaiiabie
12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physicai State at 15°C and 1 atre
Effect of low concentrations mlﬂ-amﬂn\m Liquid
Water Wy be dangerous 1 & onlrs walar ek 122 Molecular Weight: 165.63
N s e 123 Boiling Point at 1 atm:
O operatora of wal a9,
Pollution PEOF = 121°C o 304K
124  Freszing Point:
—8.3°F = —22.4°C = 250.8°K
L RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION 125  Criticat Temperature:

(See 21 Category: None 8.1 Aquatic Toxicity: Data not available 657°F = 347°C = 620°K
Should be removed 22 Class Not pertinent 32 Waterfowl Toxicity: Data not available 128 Critical Pressure: Not pertinent
Chemical and physical treatment 8.3 Biological Oxygen Demand (BOD) 127 Specific Gravity:

None 1.63 at 20°C {liquid)
64 Food Chain Concentration Potentiak 128 Liquid Surface Tension:
None 31.3 dynes/cm = 0.0313 N/m at 20°C
129 Liquid Water interfacial Tension:
44.4 dynes/cm = 0.0444 N/m at 25°C
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 1210 Vapor (Gas) Specific Gravity:
3.1 CG Competibilty Class: Not listed 41 Physical State (as shippedy Liquid Not pertinent
32 Formuia ClaC=CCls 42 Color: Coloriess 12,11 Ratio of Specific Heats of Vapor (Gasx
2.3 IMO/UN Designation: 9.0/1897 43 Odor: Ethereal; like chioroform; mildty 1.118
3.4 DOT ID No: 1897 swost 12.12 Latent Heat of Vaporization:
35 CAS Registry No: 127-184 90.2 Btu/ib = 50.1 cal/g =
210 X 10% J/kg
1213 Heat of Combustion: Not pertinent
1214 Heat of Decomposition: Not pertinent
1215 Heat of Solution: Not pertinent
IPPING INFOR
5. HEALTH HAZARDS ‘ 9. SHIPPING INFORMATION 1218 Heat of Not
&1 P For high vapor concentrations use approved canistar or U1 Grades of Purity: Dry cieaning and 1225 Heat of Fusion: Data not avaisbie
air-supplied masi; chemical goggles or face shieid; plastic gioves. indusyial grades: 95+ % 1226 Umiting Vaiue: Data not avaiable
82 Sy F Exp Vapor can affect central nervous system and cause anesthesia. [Y] oe T Ambe 1227 Reid Vapor Pressure: Data not avaiable
Liquid may iritate siin after proionged contact. May iritate eyes but causes no injury. 9.3 Inert Ammosphers: No requirement
53 Treatment of Exposure: INHALATION: if iiness occurs, remove patient to fresh air, keep him 9.4 Venting: Pressurs-vacuum

warm and quiet, and get medical atiention. INGESTION: induce vomiting only on physician's
recommendation. EYES AND SKIN: flush with plenty of water and get medical attention it
imitation Or injry occurs.

Threshoid Limit Value: 50 ppm

Toxicity by Ingestion: Grade 2 LDeo = 0.5 10 § g/kg

54
85 Short Tesm inhaiation Limite: 100 ppm for 60 min.
8
LS

7 Late Toxicity: None

S8 Vapor {Gas) irritant Characteristics: Vapors cause a siight amarting of the eyes or throat if
present in high concentrations. The effact is temporasy.

39 Liquid or Soiid Irritant Characteristics Minimum hazard. if spilled on ciothing and aliowed to
remain, may cause smarting and reddening of the skin.

NOTES
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TETRACHLOROETHYLENE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12,19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

rature Pounds per cubic Temperature British thermal unit Temperature | British thermal Temperature -
T(Sé“g‘:iei'”n Toot (degrees F) per pound-F (degrees F) j ““';;"w?“eﬁeo;:‘_g“" (degpreees =) Centipoise

35 103.400 0 .198 N 55 .958
40 103.099 10 .200 o 60 .929
45 102.900 20 .201 T 65 900
50 102.599 30 .202 70 .873
55 102.299 40 .203 P 75 .848
60 102.000 50 .204 E 80 .823
65 101.700 60 .205 R 85 .800
70 101.400 70 .206 T 20 a7
75 101.099 80 .207 | 95 : .756
80 100.799 90 .208 ! N 100 .736
85 100.500 100 210 i E 105 : 716
90 100.200 110 211 N 110 .698
95 99.910 120 212 T 115 | .680
100 99.610 130 213 120 .663
105 99.320 140 214 125 .647
110 99.020 150 215 130 .631
115 98.730 160 216 135 616
120 98.429 170 217 140 .601
125 98.139 180 .218 145 .588
130 97.839 190 220 150 574
135 97.549 200 221 155 .561
140 97.250 210 222 160 .549
145 96.959 165 537
150 96.669 170 526
155 96.370 175 515
160 96.080

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) | foot (degrees F) per pound-F
68.02 016 60 .236 60 .00702 0 .108
70 318 70 .00929 25 110
80 .425 80 01216 50 113
90 .561 90 01575 75 116
100 732 100 02022 100 118
110 .948 110 .02571 125 120
120 1.217 120 .03242 150 122
130 1.548 130 .04055 175 125
140 1.953 140 05032 200 127
150 2.4486 150 06199 225 129
160 3.042 160 07583 250 131
170 3.756 170 .09215 275 132
180 4.607 180 11130 300 134
190 5.616 190 .13360 325 136
200 6.805 200 .15940 350 .138
210 8.199 210 .18910 375 139
220 9.824 220 22330 400 141
230 11.710 230 26230 425 142
240 13.890 240 .30660 450 143
250 16.390 250 .35680 475 144
260 19.260 260 41330 500 148
270 22.520 270 47680 525 147
280 26.230 280 54790 550 ‘ 148
575 ! 148
600 149

o



2,4-DICHLOROPHENOL

DCP

Solid crystals

18.  HAZARD ASSESSMENT CODE
(See Hazard Assessment Handbook)

11.  HAZARD CLASSIFICATIONS

11.1 Code of Federal Reguiations:
Not ksled
112 NAS Hazard Rating for Bulk Water
Transportation: Not hsted
113 NFPA Hazard Classification:
Category Classifica
Heaith Hazard (Blue)....
(Red) 1
(Yellow) 0

& FIRE HAZARDS
6.1 Flash Point 200°F O.C. 237°F CC.
6.2 Flammabie Limits in Air:
Sinks in water. Data not
6.3 Fire Extinguishing Agents: Waler. foam,
carbon tonde, dry chamacal
Avord contact with 5ol and dust. Keep peopie away 6.4  Fire Extinguishing Agents Not to be
Wear goggies. self-contaned breathing apparatus. and rubber overciothing Used: Water or foam may cause frotheng.
(including gloves).
Call Ire depaniment 6.5 Special Hazards of Combustion
Isolate and remave discharged matenal. Products: Toxc gases can dbe evoived.
Noutfy local heaith and poilution control agencies. 6.6 Behavior in Fire: Sokd mefls and bums.
6.7 Ignition Temperature: Data not avalabie
Combustible. b Not
POISONOUS GASES ARE PRODUCED IN FIRE. 6.9  Buming Rate: Not pertinent
Wear goggies. sell ved q . and rubber ovarciolting 6.10 Flame T
€ (nciuding gioves), Data not avadable
xtinguish with dry chemcal, foam, or carbon dioxide. olchiometric Astio:
Fire Cool exposed containers with water sn s‘Dlll ot a Abr to Fuel
6.12 Flame Temperature: Data not avadabie
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
SOLID OR DUST
Will burn skin and eyes. 7.1 Reactivity With Water: No reachon
Poisonous if swaillowed. 72 with C May
Remove contaminated clothing and shoes react vig with 'l
FFIush atlecled areas with pienty ol waler 7.3 Stability During Transport Stable
IF IN EYES. hoid eyelids open and tlush wilth plenty of water .
IF SWALLOWED and victim is CONSCIOUS. have vicum dnink water 7.4 Neutraizing Agents for Acids and
o milk. . Caustics: Not perunent
—— 7.5 Polymerization: Not pertinert
Exposure 7.6 inhibitor of Polymerization:
——————p— Not partinent
7.7 Molsr Ratio (Reactant to
Product): Qata not availapie
7.8 Reactivity Group: Data not avaslabie
Eftect of low concentrations on aquatic life i unknown.
Water May be dangerous if it enters water inlakes.
Noufy local health and wildiife othicials.
Pollution Notity operators of nearby water intakes.
1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION
(See 2.1 Category: None 8.1 Aquatic Toxicity:
lssue warning-water conlaminant 22 Class: Not pertinent S ppm/3 hours/rainbow

Shouid be removed
Chemical and physical treatment

3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS

3.1 CG Compatibility Class: Not listed 4.1 Physical State (as shipped): Solid
3.2 Formuis: HOCeHClz-2.4 4.2 Color: White
3.3 IMO/UN Designation: 6.1/2020 4.3 Odor: Sirong medicinal

3.4 DOT ID No.: 2020
3.5 CAS Registry No.: 120-83-2

troust/ kilted/ tresh waler
5 ppm/12 hours/bluegnils/kifled/ fresh
water
Waterfowl Toxicity: Dala not svadable
Biological Oxygen Demand (BODX
100%. 5 days
Food Chain Concentration Potentisk
Data not avaiabie

5. HEALTH HAZARDS

5.1 Bureau of Mines approved respirator, rubber gloves, chermical
goggies.

52 y F 9 Tremors, ol breath, i i of
respwalory system.

53 T of I; Ingy drink water, epsom sail sofution.

5.4 Threshoid Limit Vaiue: Not pertinent

5.5 Short Term Inhaiation Limits: Data not available

5.6 Toxicity by ingestion: Grade 2. LDso = 0.5 to 5 9/kg {rat)

5.7 Late Toxicity: Data not available

5.8 Vapor (Gas) Irritant Characteristics: Not pertinent

5.9 Liquid or Solid Iritant Characteristics: Fairly severe skin imitant. May cause pain and second-
degree burns after a few minutes’ contact.

5,10 Odor Threshold: Data not available

5.11 IDLH Vaslue: Data not available

9. SHIPPING INFORMATION

Grades of Purity: Data not avaiable
T Data not

Inert = Data not

Venting: Data not avaiable

12 PHYSICAL AND CHEMICAL PROPERTIES

12t Physical State at 15°C and 1 atre
Soiid
122 Molecular Weight: 163.01
123 Bolling Point at 1 atm:
421°F = 216°C = 489°K
124 Freezing Point
110°F = 45°C = 318°K
125 Critical Temperature: Not pertnent
128  Critical Pressure: Not peronent
127 Specific Gravity:
1.40 at 15°C (sofid)
128  LUiquid Surface Tension: Not pertnent
129 Liquid Water interfacial Tensiorc
Not pertnent
1210 Yapor (Gas) Specific Gravity:
Not pertinent
12.11  Ratio of Specific Heats of Vapor (Gask
Not pertinent
1212 Latent Heat of Vaporization:
Not perbnent
12.13 Heat of Combustion: Not perbnent
12.14 Heat of Decomposition: Not persnent
1215 Heat of Solution: Not perunent
1218 Hest of Polymerization: Not perunent
1225 Heat of Fusion: Data not avaulable
1226 Limiting Vsiue: Dala not avadabie
12.27 Reid Vapor Pressure: Data not avalable

NOTES
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DCP

2,4-DICHLOROPHENOL

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

1220
LIQUID VISCOSITY

i it British thermai
Temperature Pounds per cubic Temperature British thermal Temperature g Temperature -
(degeges F) fogg (degeges 5 unit per pound-F (degl::es F '-'""s;a?er;gfo thgw (dog'::,s =) Centipoise
N N N N
[o] 0 fo) o)
T T T T
P P P P
E E £ E
R R R R
T T T T
! | 1 |
N N N N
E E E E
N N N N
T T T T

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
{degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
68.02 460 N N N
0 o] 0
T T T
P P P
E 13 E
R R R
T T T
[ | |
N N N
E E E
N N N
T T T




CHLORDANE CDN

Common Synanyms Liauad Brown Sharp odor 6 FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
f"‘;“}"; 6. 7. 8. 8-octachione- ) 6.1  Flash Point: Soluton: 225°F O.C; 132°F (See Hazard Assessment Handbook)
;Ia::;e 3a.h 4. 70. Sinks m water. C.C. Sokd 15 not flammabie. A-X-Y
T dane 8.2  Flammable Limits in Air: 0.7%.5%
Toxchior: Octa-kior (kerosene solution)
i 63 Fire 9 Agents: Dry
AVOID CONTACT WITH LIQUID. KEEP PEOPLE AWAY loam. carbon dioxide 11. HAZARD CLASSIFICATIONS
Wear 9°%‘-3I‘:::I g;;“' oS b"’;]:‘e'"s‘il and rubber 6.4 Fire Extinguishing Agents Not to be
Stop discharge if pr::gss.ma " g Used: Water may be neffectve on 11.1 Code of Federal Reguiations:
Call tire department solubon tire Combustible liquid
Eg:;lys;cn; rheemea%scpr:llmrgm. o 6.5 Specisl Hazards of Combustion 112 NAS Hazard Ram.\g for Bulk Water
Producta: Irtating and toxc nydfogen Transportation: Not listed
Not llammabte but solubon may be combustible. chionde and phosgene gases may be "3 NF: A :“:’d Classitication:
POISONOUS GASES MAY BE PRODUCED IN FIRE formed when kerosene solution of ot bst
Exunguish with dry chermucalg. loam or carbon dioxide. compound burns.
w;;’;’s:: ":';';":;Cn‘e":g 3!'!"("\'"\:‘3!3!’. 6.6 Behavior in Fire: Not pemr:enl
Fire 6.7 Ignition Temperature: 410°F (kerosene
soivent)
6.8  Electrical Hazard: Data not avadable
6.9 Burning Rate: Not pertinent
{Continued)
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
EOSONOUS T SWALLOWED OR IF SKIN IS EXPOSED. 7.1 Reactivity With Water: No reacton
trntating to skin and eyes. 7.2 Reactlvity with Common Materials: No
Remove contamnated clothing and shoes. reaction
ggmé;!?Jg :’;;éé?g’;fgg:g_ water 7.3 Stability During Transport: Stable to
17 SWALLOWED and vetem1s CONSCIOUS, Rave wcim ok walor ol
or ik and have wchm b ormting. 7.4 Neutraiizing Agents for Acids and
— IF SWALLOWED and victim is UNCONSCIOUS OR HAVING CON- Caustics: Not pertinent
Exposure VULSIONS, do nothing except keep victim warm. 7.5 Polymaerization: Not pertinent
R —— 7.8 Inhibitor of Polymerization:
Not pertinent
7.7 Molar Ratlo (Reactant to
Praduct): Data not available
7.8 Reactivity Group: Dala not available
12 PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State at 15°C and 1 atm:
:;Am;:l.;lé TO :u?'r.{fn (L;;E\:gle\:enz:klégw CONCENTRATIONS.
Water Nouty Iocal mealth and widite offcials, 122 Molecular Weight: 409.8
Pollution Notity operators of nearby water intakes. 123 Boiling Point at 1 atm: Decomposes
124 Freezing Point: Not pertinent
125 Critical Temperature: Not pertinent
126 Critical Pressure: Not pertinent
1. RESPONSE TO DISCHARGE 2 lBEL 8. WATER POLLUTION 127  Specific Gravity:
(See 2.1 Category: None 8.1 Aquatic Toxiclty: 1.6 at 25°C (liquid)
Issue warning-poison 2.2 Class: Not pertinent 0.5 ppm/96 hr/goldfish/TL_/lresh 128  Liquid Surface Tensiom:
Restnict access water (est) 25 dynes/cm = 0.025 N/m at
Should be removed 8.2 Waterfowt Toxicity: LD:n = 1,200 mg/kg 20°C
Chemical and physical treatment 8.3 Blological Oxygen Demand (BOD): 129 Liquid Water interfacial Tension:
Data not availlable {est) 50 dynes/cm - 0.05 N/m at 20°C
8.4 Food Chain Concentration Potentiat 1210 Vapor (Gas) Specific Gravity:
High Not pertinent
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 1211 Ratio of Specific Heats of Vapor (Gas):
3.1 CG Compatibility Class: Not listed 4.1 Physical State (as shipped): Liquid Not perunent
3.2 Formula: CioHaClx 4.2 Color: Brown 12.12 Latent Heat of Vaporization:
3.3 IMO/UN Designation: 6.1/2762 4.3 Qdor: Penetrating; aromatic: slightly Not pertinent
3.4 DOT ID No= 2762 pungen, like chionine 1213 Heat of Combustion: (est.) —4.000 Btu/lb
35 CAS Registry No. 57-74-9 = —2.200 cal/g = —93 X 10° J/kg
12.14 Heat of Decompasition: Not pertinent
1215 Heat of Solution: Not pertinent
32.18 Heat of Polymerization: Not pertinent
5. HEALTH HAZARDS 9. SHIPPING INFORMATION 12.25 Heat of Fusion: Oata ot avedania
1226 Limiting Value: Dala not available
51 Personal i for sprays, fogs. o dust; goggles; rubber gloves. 9.1 Grades of Purity: Technical. A vanety of 1227 Reid Vapor Pressure: Data not avaiable
52 Y ing irmitating to eyes and skin. Ingeston, absorpton dusts, powders, and solutions in
through skin. or nhalation of mst or dust may cause excilabilily, convulsions, nausea, vomiting, aining 2-80% cl
diarrhea, and some focal irntation of the gastrointestinal tract. are shipped. *Properties refer 1o undiluted,
5.3 Treatment of Exposure: INHALATION: admmistes oxgen and give fluid therapy, do not give 9.2 Storage Temperature: Ambient technical-grade chiordane.
epinephnine. since it may nduce enforce rest. EYES: flush with 9.3 inert Atmosphere: No requirement
waler for at Jeast 15 min. SKIN: wash off skin with adequate quantities of soap and water. do 9.4 Venting: Open (flame arester)
NOT sacrub. INGESTION: induce vomiting and follow with gastric lavage and admumistration of
saline cathartics; ather and barbituraias may be used o control convulsions; oxygen and fluid
therapy are also recommended: do NOT give epinephrine. Since no specific anvdotes are
known, symptomatic therapy must be accompamed by compiete rest.
5.4  Threshold Limit Yalue: 0.5 mg/m™
5.5 Short Term Inhalation Limits: 2 mg/m* for 30 min.
5.6 Toxicity by Ingestion: Grade 3: oral LDwn - 283 mg/kg (rat)
5.7 Late Toxicity: Possible liver damage; loss of appelite and weight.
5.8 Vapor (Gas) irritant Ch istics: Data not
5.9 Liquid or Solid Irritant C istics: Data not | 6. FIRE HAZARDS (Continued)
5.10 Odor Threshold: Data not available 6.10 Flame T e Data not avalabie
511 IDLH Value: 500 mg/m* 6.11 Stoichiometric Air to Fuel Ratio: Oata not avasable
8.12 Flame Temperature: Data not avalatie
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CDN

CHLORDANE

12.17 1218 12.19 12.20
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY
- . British thermal
Temperature Pounds per cubic Temperatura British th°"":'Fu"“ Temperature unit-inch per hour- Temperature Centipoise
(degrees F) foot (estimate) (degrees F) p(eers’tai?r:l:t e; {degrees F) square foot-F (degrees F) (estimate)
(estimate)

52 100.400 60 300 60 1.209 130 58.980
54 100.400 61 .300 61 1.209 140 51.140
56 100.299 62 .300 62 1.209 150 44.560
58 100.200 63 .300 63 1.209 160 38.990
60 100.200 64 .300 64 1.209 170 34.270
62 100.099 65 .300 65 1.209 180 30.240
64 100.000 66 .300 66 1.209 190 26.780
66 99.940 67 .300 67 1.209 200 23.810
68 99.879 68 .300 68 1.209 210 21.240
70 99.809 69 .300 69 1.209 220 19.020
72 99.740 70 300 70 1.209 230 17.080
74 99.669 71 .300 71 1.209 240 15.390
76 99.589 72 .300 72 1.209 250 13.900
78 99.530 73 .300 73 1.209 260 12.590
80 99.459 74 300 74 1.209 270 11.440
82 99.389 75 300 75 1.209 280 10.420
84 99.320 76 .300 76 1.209 290 9.516
86 99.250 77 300 77 1.209 300 8.710

12.21 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit

(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
| 215 .000 215 .00001 N
N 220 .000 220 .00001 (o}
S 225 .000 225 .00002 T
(o} 230 .000 230 .00002
L 235 .001 235 .00003 P
Uy 240 .001 240 .00005 E
B 245 .001 245 00007 R
L 250 .002 250 .00009 T
E 255 .002 255 .00012 |

260 .003 260 .00017 N
265 .004 265 .00023 E
270 .006 270 .00031 N
275 .008 275 .00042 T
280 011 280 .00056
285 015 285 00074
290 .019 290 .00099
295 .026 295 .00131
300 .035 300 00174
305 .046 305 00228
310 .060 310 00300
315 .079 315 00391
320 .104 320 00510
325 136 325 .00662
330 177 330 .00856
335 .230 335 .01104
340 297 340 .01418




NAPHTHALENE

NTM

Common Synonyms Sotid Coloriess Mothbals odor & FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
Tar camohor 6.1 Flash Point: 174°F C.C.; 190°F O.C. (See Hazard Assessment Handbaok)
" L 62 Fismmabie Limits In Al 0.9%-5.9% A-T-U-X
Solidifies and floats or sinks in water. 63  Fire Extinguishing Agents: Watar fog,
carbon dioxide, dry chemical, or foam
6.4 Fire Extinguishing Agents Not 10 be
Stop discharge it possible. Keep peopla away. Used: Not pertinent 11, HAZARD CLASSIFICATIONS
Call fire depaniment. sohd. 8.5 Specisl Hazards of Combustion 111 Code ot Aeguistions:
m'cour:an?mm 'Mmsch:"’r;ed material. Products: Taxic vapors given off in a fire 3 omum..
Notify local health and poifution control agences. 6.6  Behavior in Fire: Not pertinent
67 ignition Temperature: 979°F 112 NAS Hazard Rating for Bulk Water
6.8 Electrical Hazard: Not pertinent
6.9 Burning Rate: 4.3 mm/min.
a““b"’m 6.10 Flame T
m“w toam, aychnmedorwomd-oms Data not availabie
Cool exposed containers with water. 6.11 Stoichiometric Alr to Fuel Ratio:
. Data not available
Fire 6.12 Flame Temp Data not
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
mﬁg OR Liauw, eyes. 7.1 Reactivity With Water: Motten
Remova contaminated clothing and shoes. naphthalene spatiers and foams in
Flush atiecied areas with pienty of water contact with water. No chemical
IF IN EYES, hoid eyelids open and flush ‘with plenty of water. reaction is invoived.
72 Reactivity with Common Materiais: None Category  Classification
7.3 Stablity During Transport: Stable 2
7.4 Neutraiizing Agents for Acids and 2
Exposure Caustics: Not pertinent 0
7.5 Polymerization: Not pertinent
7.6 inhibitor of Polymerization:
Not pertinent
7.7 Moiar Ratio (Reactant to
Producty: Data not available
7.8 Reactivity Group: 32
12.  PHYSICAL AND CHEMICAL PROPERTIES
121 Physical State at 15°C and 1 atm:
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS. Sold
Fouiing to shoretine.
Water May be dangerous il it enters water intakes. 122  Molecular Weight: 128.18
Pollution Noty Sraratons of nearty e makes, 123 8 “"z"_:":"z::.‘c':";m «
———— 124  Freazing Point
176.4°F = 80.2°C = 353.4'K
1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION 125 ¢ T
(Ses 2.1 Category: None 8.1 Aquatic Toxicity: 887.4°F = 475. z'c = 748.4°K
Should be removed 22 Class: Not pertnent 150 mg/1/96 hr/sunfish/TLy/fresh 126 Critical Pressure:
Chemical and physical reatment water 588 psia = 40.0 atm = 4.05 MN/m?
1.8 ppm/72 hr/fingerling 127  Specific Gravity:
saimon/critical/ salt water 1.145 at 20°C (solid)
8.2 Waterfow! Toxicity: Data not available 128 Liquid Surfsce Tension:
8.3 Biological Oxygen Demand (BOD): 31.8 dynes/cm = 0.0318 N/m at 100°C
(theor.) 598.5%, 8 days 129  Liquid Water Interfacial Tension:
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 8.4 Food Chain Concentration Potentiak: Cata not avaiable
3.1 CG Compatibility Class: Aromatic 4.1 Physical State (a8 shipped: None 12.10 Vapor (Gas) Specific Gravity:
Hydrocarbon Motten sokid Not pertinent
32 Formuia: CioHs 42 Color: Coloriess 1211 Ratio of Specific Heats of Vapor (Gas):
3.3 (MO/UN Designation: 4.1/2304 4.3 Odor: Coal tar; moth bails 1.068
3.4 DOT ID No. 2304 12.12 Latent Hest of Vaporization:
3.5 CAS Registry No: 91-20-3 145 Btu/lb = 80.7 cal/g =
3.38 X 10% J/kg
1213 Heat of Combustion: —16.720 Btu/tb
5. HEALTH HAZARDS 9. SHIPPING INFORMATION = —9287 cal/g = —388.8 X 10" J/kg
12.14 Heat of Decomposition: Not pertinent
S.1 Pe organic vapor canister unit, rubber gloves; chemical 9.1 Grades of Purity: Pure; crude: 95% Pure: 12,18 Heat of Solutior: Not pertinent
safety goggles; face shieid; coveralis and/or rubber apron; rubber shoes or boots. mp = 178°F Crude: mp = 165~—176°F 12.16 Heat of Polymertzation: Not pertinent
52 F Vapors or fumes are imitating (0 eyes, nose, and thvoat and 9.2 Storage Temperature: Elevated 12.25 Heat of Fusion: 35.06 cai/g
may cause headaches, dizziness, nausea, etc. Solid may be iritating to skin. 9.3 inert Atmasphere: No requirement 1228 Limiting Vaiue: Data not available
53 Treatment of Exposure: INHALATION: remove to muh anr. SKIN OR EYES: flush immeciately 9.4 Venting: Open (flame arrester) or 1227 Rekd Vapor Pressurs: Low
with pienty of water for at least 15 min.; remove clothing call a pressure-vacuum
physician.
54 Threshoid Limit Value: 10 ppm
5.5 Short Term inhalation Limits: 15 ppm for 5 min.
56 Toxicity by ingestion: Grade 2; oral rat LDso = 1780 mg/kg
5.7 Late Toxicity: Data not available
58 Vepor (Gas) liritant Characteristics: Vapors cause moderate iTitaton such that personnel will
find high concentrations unpleasant. The sffect is temporary.
59 Liquid or Solid Irritant Characteristica: Hot liquid can cause severe bum. The solid may imtate
the skin.
5.10 Odor Threshold: Data not available
511 IDLH Value: 500 ppm NOTES
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NTM

'NAPHTHALENE

12.17
SATURATED LIQUID DENSITY

12,18
LIQUID HEAT CAPACITY

12,19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

British thermai

Temperature Pounds per cubic Temperature British thermal unit Temperature unit-inch per hour- Temperature | Centipoise
(degrees F) foot (estimate) (degrees F) per pound-F (degrees F) square foot-F (degrees F)
(estimate)

177 69.290 180 .382 177 .901 180 .837
178 69.290 200 .391 178 901 185 .784
179 69.290 220 401 179 .901 190 .735
180 69.290 240 410 180 .901 195 .690
181 69.290 260 419 181 .901 200 .648
182 69.290 280 429 182 .901 205 .609
183 69.290 300 .438 183 .901 210 .573
184 69.290 320 447 184 .801 215 .540
185 69.290 340 457 185 .901 220 .509
186 68.290 360 .466 186 .901 225 .480
187 69.290 380 475 187 .901 230 ; 454
188 69.290 400 .485 188 .901 235 : .429
189 69.290 420 .494 189 .901 240 | .406
190 69.290 190 .901 245 ‘ .384
181 69.290 191 .801 250 .364
192 69.290 192 .901 255 ! .345
193 69.290 193 .801 260 327
265 311

270 .295

275 i .281

280 267

285 .254

290 ’ 242

295 231

300 \ 221

305 i 210

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12,23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature | British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) ' per pound-F
68.02 .300 180 .148 180 .00276 0 .207
200 254 200 .00460 25 .220
220 .420 220 00738 50 .233
240 670 240 .01143 75 246
260 1.032 260 01713 100 .259
280 1.544 280 02493 125 .27
300 2.250 300 .03537 150 .283
320 3.200 320 .04901 175 .295
340 4.453 340 .06650 200 .307
360 6.075 360 .08850 225 318
380 8.138 380 11570 250 .330
400 10.720 400 14890 275 .340
420 13.910 420 .18890 300 351
440 17.810 440 .23630 325 .362
460 22.490 460 29210 350 372
480 28.080 480 35680 375 .382
400 .391
425 401
450 410
475 } 419
500 i 428
525 ) 436
550 i .445
575 453
600 .460




DIAZINON

DZN

Common Synonyms Uiqud
Q. O-Disthyl O-(2-s0propyi-6-
methyl-4-pynmedinyi
phosphorothicate
Alfa-tox Sinks i water.
Spectracide
Saralex

Light to dark brown

Slop dvscharge il possible. Keep peopie away.
Isolale and remove discharged matenal,
Notity locai heaith and pollubon control agencres.

Not flammabie.
POISONQUS GASES ARE PRODUCED WHEN HEATED.

6. FIRE HAZARDS

8.1  Flash Point: 82-105°F C.C. (solutons only:

pure liqud ditficult to bum)
6.2 Flammabie Limits in Al Not peronent
83 Fire g Agents: (lor

10. HAZARD ASSESSMENT CODE
{See Hazard Assessment Handbook)
A-X-Y

Foam, dry chemical. or carbon aeoxde

6.4 Fire Extinguishing Agents Not to be
Used: Water may be meffectve.

6.5 Specist Hazards of Combustion
Products: Oxdes of suifwr andg of
phosphorus are generated in fires.

6.6 Behavior in Fire: Not pernnent

6.7 ignition Temperature: Not perunent

6.8  Electrical Hazard: Data not available

6.9 Buming Rate: (for solLONS) 4 MMy men

6.10 A Flame T
Data not avaiable

6.11 Stoichiomatric Air to Fuel Ratio:

Data not available
6.12 Flame Temperature: Data not avasanie

1. HAZARD CLASSIFICATIONS

11.1 Code of Federal Regulations:
ORM-A

11.2 NAS Hazard Rsting for Bulk Water
Transportation: Not histed

11.3 NFPA Hazard Classification:
Not listed

7. CHEMICAL REACTIVITY

7.1 Reactivity With Water: No reacton
7.2 Reactivity with Common Materiais No
reaction
7.3 Stability During Transport: Stable
7.4 Neutralizing Agents for Acids and
Caustica: Not pertinent
7.5 Polymerizstion: Not pertinent
7.8 Inhibitor of Polymerization:
Not pertinent
7.7 Molar Ratio (Reactant to
Product): Data not available
7.8 Reactivity Group: Data nol availadee

12 PHYSICAL AND CHEMICAL PROPERTIES
12.1  Physical State at 15°C and 1 atm:
Liquid
122 Moleculsr Weight: 304.4

123 Bolling Point at 1 stm:
Very high, decomposes

Fire
CALL FOR MEDICAL AID.
LIQUID
POISONOUS IF SWALLOWED.
imtating to skin and eyes.
Remove contamnated ciothing and shoes.
Flush atlacled areas with plenty of waler.
IF IN EYES, hoid eyeiids open and flush wilh plenty ol water.
IF SWALLOWED and victim is CONSCIQUS, have victim drink water
or malic
—————
Exposure
—
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
Wat May be dangerous if it enters water intakes.
ater Notty local heatth and wiidiite officials.
PO"UUOI’I Nouty operators of nearby water intakes.
————————
1. RESPONSE TO DISCHARGE 2 LABEL
{See 2.1 Category: None
issue POk water 2.2 Class: Not pertinent

high flammability (it solution)
Restrict access
Shouid be remaoved
Chermical and physical treatment

8 WATER POLLUTION

8.1 Aquatic Toxicity:
0.025 ppm/96 hr/stonelfly
nymph/TL./fresh water
30 ug/1/48 hr/bluegdl/TL./tresh wates
{becomes bound to sod when used
according to direchons)

8.2 Waterfowl Toxicity: LD:o = 3.54 mg/kg

12.4 Freezing Point: Not pertinent
12.5 Critical Temperature: Not pertinent
12,6 Critical Pressure: Not pertinent
127 Specific Gravity:
1.117 at 20°C (liquid)
128  Liguid Surface Tension: (est)
35 dynes/cm = 0.035 N/m at 20°C
129 Lliquid Water Interfacial Tension: (esL)
40 dynes/cm = 0.040 N/m at 20°C
12.10 Vapor (Gas) Specific Gravity:

LCso = 5 days, 90 ppm mailard duck Not pertinent
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS LCso = 7 days. 68 pom qual 1211 Ratio of Specitic Heats of Vapor (Gas):
2.1 CG Compatibility Class: Not fisted 4.1 Physical State (as shipped): Solid 8.3 Biological Oxygen Demand (BOOY Not pertinent
3.2 Formula: Ci1H1iN:0aPS or liquid solution Data not available 1212 Latent Heat of Vaporization:
3.3 IMO/UN Designation: 6.1/1615 42 Color: Amber 1o dark brown 8.4 Food Chain Concentration Potentiat: Not perunent
3.4 DOT ID No: 1615 4.3 Odor: Data not avaiable Data not avadable 12.13 Heat of Combuation: (est)
3.5 CAS Registry No.: 333415 —12,000 Btu/lb = —6.500 cal/g =
—270 X 10% J/kg
1214 Heat of Decomposition: Not pertinent
12.15 Heat ot Solution: Not pertinent
5. HEALTH HAZARDS 9. SHIPPING INFORMATION 12.18 Heat of Polymerization: Not perinent
1225 Haat of Fusion: Data not available
5.1 Goggles or taca shield: rubber gloves; protective ciothing. 9.1 Grades of Purity: Techncal; weltable 1228 Umiting Value: Data not available
52 y F gestion or pi ged i of mist causes headache,

giddiness, biurred vision, nervousness, weakness, cramps, diarrhea, discomfort in the chest,

sweaalting, miosis, tearing,

and other

y tract 9.

muscle

1088 of sphincter control. Liqued irritates eyes and skin.

53 Trestment of Exposure: INHALATION: remove to fresh air; keep warm; get medical atiention at
once. EYES: flush with plenty of waler for at least 15 min. and gel medical attention. SKIN:
wash contaminated area with soap and water. INGESTION: get medical attention al once; give
waler slurry of charcoal; do NOT give rrik or aicohol.

54 Thweshold Umit Vaive: 0.1 mg/m?

55 Short Term Inhaiation Limits: Not pertinent

56 Toxicity by Ingestion: Grade 3; oral LDso = 76 mg/kg (rat)

5.7 Late Toxicity: May be mulagensc

58 Vapor (Gas) irritant ¢
5.9 Uiquid or Solid Irritant C!

istics: Data not
Daia not

5.10 Odor Threshoid: Data not avalable
5.11 {DLH Value: Data not available

coma, loss of reflexes, and

powders: a variety of emuisifiable
8 n

9.2 Storage Temperature: Amtrent
9.3 inert Atmosphers: No requirement
9.4 Venting: Open (flame asester)

12.27 Reid Vapor Pressure: Daia not available

NOTES
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DZN

DIAZINON

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. British thermal unit British thermal -
Temperature Pounds per cubic Temperature per pound-F Temperature unit-inch per hour- Temperature Centipoise
(degrees F) foot (estimate) (degrees F) ; (degrees F) square foot-F (degrees F) (estimate)
(estimate) (estimate)
52 70.280 51 .400 51 1.048 51 4.064
54 70.209 52 .400 52 1.048 52 4.005
56 70.139 53 .400 53 1.048 53 3.948
58 70.070 54 .400 54 1.048 54 3.892
60 70.000 55 400 55 1.048 55 3.836
62 69.929 56 .400 56 1.048 56 3.782
64 69.860 57 .400 57 1.048 57 3.729
66 69.790 58 .400 58 1.048 58 3677
68 69.730 59 .400 59 1.048 59 3.625
70 69.660 60 .400 60 1.048 60 3.575
72 69.589 61 .400 61 1.048 61 3.525
74 69.520 62 .400 62 1.048 62 3476
76 69.450 63 400 63 1.048 63 3.428
78 69.379 64 .400 64 1.048 64 3.381
80 69.309 65 .400 65 1.048 65 3.335
82 69.240 66 .400 66 1.048 66 3.290
84 69.169 67 .400 67 1.048 67 3.245
86 69.099 68 .400 68 1.048 68 3.201
69 .400 69 1.048 69 3.158
70 .400 70 1.048 70 3.116
YAl 400 7 1.048 7 3.074
72 .400 72 1.048 72 3.033
73 .400 73 1.048 73 2.993
74 .400 74 1.048 74 2.954
75 .400 75 1.048 75 2915
76 400 76 1.048 76 2.877

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
68 .004 N N N
0 o o}
T T T
P P P
£ E E
R R R
T T T
! ! |
N N N
E E E
N N N
T T T




DICHLORVOS

DCv

Common Synonyms Uiquid
DOVP
Dichiorophos
Yapona
2.2dichiorovinyl
Nerkol

Coloriess to amber

Sinks and mixes with water.
0,0-dimethyl phosphata

Avoxd contact with liquid and vapor. Keep peopie my

Waear goggles, g and rupber W (including gioves).
Stop dischargae if posybla

|soiate and remove discharged matenal.

Notify local heatth and poilution control agencies.

Not flammable.

Fire

a1

62

6.3 Fire Extingrashing Agents: Not Cerrent
a4

8.5 Special Hazerds of Combustion

4.8 Behavior in FAre: Not pertrer

8.7 ignition Tempersture: Not Dersrert

€8 Electrical Hazard: Not perzent

&% Baming Rate Not pertnert

610 Fame T
Cata not avaidable

&.11 Stoichiometric Alr to Fusl Ratioc
Oata not avadabie

4.12 Flame Temperature: Data "ot avarkadme

M BAZASD ASSESSMENT COOE
(See ruzard Assssemert Handbook)

AX

Exposure

CALL FOR MEDICAL AID.

VAPOR

POISONOUS IF INHALED OR SKIN IS EXPOSED.
Move to fresh air,

If breathing has stopped, give artificial respiration.

LiQuID

POISONOUS IF SWALLOWED OR SKIN IS EXPOSED.

Remaove contaminated clothing and shoes.

Flush affected areas with plenty of water.

IF IN EYES, hold eyedids open and flush with plenty of water.

IF SWALLOWED and victim ts CONSCIOUS, have victim drink water or mil
and have victim induce vomiting.

Water
Pollution

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
May be it it enters water intakes.

Notity iocai health and wildife officials.

Notity operators of nearby water intakes.

7. CHEMICAL REACTIVITY

7.1 Resctivity With Water: No reecacr
7.2 Reactivity with Common Matertain:

Cormosive 0 1on and Tad stee.
7.3 Stability During Transport S:ate
7.4 Neutrsilxing Agents fcr Acids and

75 P
7.8 inhibitor of Polymertzation:

7.7 Moilar Ratio (Reactant to

7.8 Reactivity Group: Data not avalacse

1

12

113

1 -AZARD CLASSIFICATIONS

Cons of Fecersl Reguistions
S3acn. 3

MAS uzard Retng ‘or Bulks Water
TrEPMOOratiore 't kswec
NFPA Huzard Classefcation:

“ct s

1. RESPONSE TO DISCHARGE 2. LABEL

{Ses t 21 Category: Poison
issue waming - poison, water 22 Clasx 6
contaminant.
Restrict access.
Shouid be removed.
Chemical and physical treatment.

5 S A 4

3. CHEMICAL DESIGNATIONS

©G Competibiity Class: Not listed

Formuia: (CH3sO)}aP(OYOCH: CCis
C4HIC1OP

IMO/UN Designation: 8.1/1615 (>2.5%);
9/1615 (>2.5%)

DOT ID No.: 1815

CAS Registry No.; 62737

4. OBSERVABLE CHARACTERISTICS

:
|
i

g

54
5.6
57

58
9

S, HEALTH HAZARDS

Personal Protective Equipment: Wear safety glasses, gas mask, gioves, and top boots, overalls
with jong sieeves and closed collar.

Y First are fatigue, d bhurred vision,
0 g. nausea and ing, cramps, diesthea, and salivation. As

miching inning with eyeiids and tongue then face and neck,

u\dﬁmlly., ing with Ce ion of pupils may

mmMmmmawaMWlnmAmmmmym
may be i or up to 8 hours iater.

T of Call & physician, INHALATION: In the nonbreathing victim immediatety
ingtitute artificial respiration. Treat in a cool place. EYES Rinse with abundant water. SKIN:
Flood and wash ghly with water. R clothing under & shower.
INGESTION: Administer mitk, water, or sait water and induce vomiting repestedly. OTHER: As
soon as locai or systemic signs of intoxication are noted 2 mg {1/30 gr) of atropine shouid be
administered intramuscularly or V. Repeat every 3 to 8 minutes until signs of atropinization
{mydriasis, dry mouth, rapid puise hot and dry skin) occurs. For children use 1 mg of atropine.
Keep airway clear, )

Threshoid Limit Value: 0.1 ppm.

Short Term Inhaiation Limits: 0.3 ppm.

Toxicity by Ingestion: Grade 3: LDso = 50 to 500 mg/kg.

Late Toxicity: Teratogenic effects. Workers exposed to low levels of pesticide suffered a
decrease in serum and red cell cholinesterase. Thase workers had mors heaith compiairts
(frequent headaches, dizziness. sora twoat. nausea. etc.) than nonexposed workers.

Vapor (Gas) Irritant CI Data not i

Uquid or Solid irritant Characteristics: Minimum hazara. If spiliad on clothing and allowed to
remain, may cause smarting and reddening of skin.

5.10 Odor Threshoid: Data not available

.11

IOLH Value: 200 mg/m?

®

PMTSCAL AND CHEMICAL PROPERTIES

Peyacal State at 15°C and 1 s
—Qu

122 Nomcuar Weght 22038
123 Baling Post st 1 s
BAF = 14T = 41A2°K
124 Fressng Point “ata Not avadelne
125 Critesl Tempersoare De:a not avaiscse
8 WATER POLLUTION 128 Critcyl Presswre Sama nct avaieDie
81 Aquatic Toxdcity: 127 Specfic Grawry:
0.7 ppm/ 48-hour/ Siuegil. L.Csa <415 2 2T
0.025 to 3.2 ppm/48-hour/6 frasn 128 Lioot Surtace Tenmion: D9t NOt Svaiacks
water Crustacea/TL, 129  Lanat Water rumrtacial Tension:
82 Waterfow! Toxicity: Young maltard [Dsa S rot avalacse
= 7.8 mgrkg 1210 Yapor (Gas) Specfic Gravity:
843 Biological Oxygen Demand (8O0 Sata not avaiaces
Persists 62 days in water 20°C 1211 Rute of Speciic Hests of Yapor (Gesx
84 Food Chain Concentration Potavtiat Zmta ot avmiarse
Proionged exposure 10 oromno- 1212 Lasmst Heat of Yaporizaton
phosphorus pesticides &t mta not avaiace
concentrabons as ow as 0.01 2ob are 1213 Hem of Combxstorn Zata ot avakice
toodc {0 manne animals ae 1 1214 Hemt of De Zata nox
bioconcantraton. 1215 Hemt of Soksore Zaia ncX vakabie
121¢ Hem of Polysertzagosrt ata Nt avalabie
1225 Hest of Fumion: Ceca not avaienie
1228 Lmiing Yaiue 3t not svadabee
9. SHIPPING INFORMATION 1227 Reis Yapor Presmrs D22 Nt avatie
9.1 Grades of Purity: Cata not svaiacss
9.2 g T Data not
9.3 Inert Oata not
9.4 Ventinge Data not avadabie
MOTES
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DCvV

DICHLORVOS

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

1219
LIQUID THERMAL CONDUCTIVITY

. i British thermal
Temperature Pounds cubic Temperature British thermal Tem ture p Temperature
(degeeees (3] foe:f (degeees F) unit per pound-F (degF:::s F) u"me%g'otg" i (degrees F) Centpoise
D D D 0
A A A A
T T T T
A A A A
N N N N
(o] o (o} o}
T T T T
A A A A
v v v v
A A A A
| 1 I I
L L L L
A A A A
B 8 B 3
L L L L
E E E E
12.21 12.22 12.23 1224
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per
S 105 .001 90 .00001 D
L 110 .001 95 .00001 A
| 115 .001 100 00001 T
G 120 .001 105 00002 A
H 125 .002 110 .00003
T 130 .002 115 .00003
L 135 .003 120 00004
Y 140 .003 125 00005
130 00007
S 135 00009
o 140 .00012
L
U
B
L
E

Mmrw»r —»<>» “—0Z




DIELDRIN

DED

Common Synonyms Soiid Light brown Mid chemical odor & FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
-Hsg?mu.z_a,a.w.w- 6.1  Fash Point Not lammabie (See Hazard Assessment Handbook)
rnmo-ﬂj-qxpo:y-!. Sinks in water. 6.2 Fammabie Limits in Alr: Not flammable [}
‘:::.é?,s.m.uaocum . &3 Fwre Agents: Not p
thalene 6.4 Fire Extinguishing Agents Not to be

Used: Data not availabie
AVOID CONTACT wiTH SOLID AND QUST. KEEP PEOPLE AWAY. 85 Specisl Hazards of Combustion 1. HAZARD CLASSIFICATIONS
Wear goggies, du: g g gloves). Products: Toxic and ¥ntating hydrogen
Siop cacharge if chionide fumes may form in fire. 1.1 Code of Federal Regulations:
isolats and remove ascnllqoﬂ matenal. ORM-A
Notify local health and poliuton control agencies. 6.0 Behevior in Fire: Data not avaiable
6.7  ignition Temperature: Not pertinent 112 NAS Hazard Rating for Bulk Water
8.8 Hazard: Not per Traneportstion: Not listed
113 NFPA Hazard Classification:
ot y 69 Buming Rete: Not pertnent ot ovon
POISONOUS GASES MAY BE PRODUCED WHEN HEATED. .10 Fiame T
Data not avadabie
611 Stoichiometric Alr to Fuel Ratio:
Data not avadable
Fire 612 Fame T Data not
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
POISONOUS IF INHALED OR IF SKIN IS EXPOSED, 7.1 Reactivity With Water: No reaction
It inhaled will cause i of loss 72 with Data
::wah?‘l.d moponamﬂ\nhmmpbntyolwﬂec. not avasiable
eathing has st grve aruficial respeation. 7.3 Stabiiity During Transport Stable
"s:':"""' is ditficut, gve oxygen. 7.4 Neutrakzing Agents for Acids and
POISONOUS F SWALLOWED OR IF SKIN 1S EXPOSED. Caustics: Not pertinent
it Wil cause nausea, gz iting, or loss of 7.5 Polymerization: Not pertinent
Exposure consciousness. 7.8 Inhibitor of Polymerization:
By i S s e ot prer
N eYes. .:y'ehds and flush with plenty of water 7.7 Molar Ratio (Reactant to
|F SWALLOWED and wictim is CONSCIOUS, have victim drink water or milk Producty Dala not available
IF SWALLOWED and vt 5 UNGONSCIOUS OR HAVING CONVULSIONS, 7.8 Reactivity Group: Data not availsble
do nothing except keep vl:-n warm.
12 PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State at 15°C snd 1 atm:
HAAMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS. Soid
Water May be dangerous if it enters water intakes. 122 Molecuiar Weight: 360.93
Notity local heaith and widite officials. 123 Bolling Point at 1 atm: Not pertinent
(decomposes)
—— - 124  Freezing Point
349°F = 176°C = 449°K
1. RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION 125  Critical Temperaturs: Not pertinent
(See 2.1 Category: None 8.1 Aquatic Toxicity: 126  Critical Pressure: Not pertinent
Issue waming-water corHaminant 22 Class: Not pertinent 0.0079 mg/1/98 he/bluegill/ TLa/fresh 127  Specific Gravity:
Restrict access water 1.75 at 20°C (solid)
Shouid be removed 037 ppm/96 hr/goidfish/ TLa/fresh 128  Liquid Surtace Tenslon: Not pertinent
Chemical and physical treatment water 129 Uquid Water Interfacisl Tension:
0.050 ppm/S hr/muliet/ 100% kill/salt Not pertnent
water 12.10 Vapor {Gas) Specific Gravity:
0.025-.050 ppm/48 hr/brown Not pertinent
3 CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS . shrimp/TL,/ sait water 12.11 Ratio of Specific Heats of Vapor (Gas):
3.1 CG Compatibitity Class: Not listed 4.1 Physical State (as shipped): Sokid 8.2 Watsrtowl Toxicity: LDse 381.0 mg/kg Not pertinent
3.2 Formula C1:HaCleO 42 Color; Buff to fight brown. 8.3 Biciogicsl Oxygen Demand (BODx 1212 Latent Heat of Vaporization:
3.3 IMO/UN Designation: Not listed 43 Odor: Mild chemical Data not available Not pertinent
3.4 DOT ID No.: 2761 8.4 Food Chain Concantration Potentiat 1213 Hest of Data not
35 CAS Registry No.: 60-57-1 High 12.14 Heat of Decomposition: Not pertinent
12.15 Heat of Sokstion: Not pertinent
12.16 Hest of Polymerization: Not pertinent
12.25 Hest of Fusion: Data not availabie
5. HEALTH HAZARDS 9. SHIPPING INFORMATION 1226 Limiting Value: Data not avalable
1227 Reid Yapor Pressure: Data not available
8.1 U. S. Bu Mines approved respirator; clean rubber gioves; 9.1 Grades of Purity: Techrical, 85+ %
goggles or face shiekd HEOD: 18% emuisifiable concentrates
52 F hon, ingestion, or skin contact causes iTitabiity, i petroleum hydrocarbons, which are
mmlammmmtmnmwmm combustible.
Causes writation. 82 Storage Temperature: Ambient
5.3 Trestment of Exposure: INHALATION: move 10 fresh air; give oxygen and artificial respiration as 9.3 Inert Atmosphere: No requirement
required. INGESTION: induce vomiting and get medical attention. EYES: fiush with plenty of 9.4 VYenting: Open (flame amester) (for liquid
water; get medical attention. SKIN: flush with pienty of water. form)
5.4 Threshold Limit Velue: 0.25 mg/m?
5.5 Short Term inhaiation Limits: 1 mg/m? for 30 min.
5.6 Toxicity by ingestion: Grade 4; oral LDse = 46 mg/kg (rat), 65 mg/kg (dog)
57 Late Toxicity: Banned by EPA in October 1974 because of alleged “imminent hazard 1o human
health” as a potential carcinogen in man.
58 Vapor (Gas) Irritant C Data not
5.9 Liquid or Solid Irritant Characteristica: Minimum hazard. If spilled on clothing and aliowed to
remain. may cause smarting and reddenuing of the skin.
5.10 Odor Threshoid: 0.041 ppm NOTES

5.1

IDLH Value: 450 mg/m?
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DED

DIELDRIN

1217 12.18 1219 1220
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LUQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY
Tem| ture Pounds per cubic Temperature British thermal Temperature L Tem ture i
(degrees F) foot (degrees F) unit per pound-F (degrses F)  Unginch per nour- (Gogrees F) Centipoise
N N N N
o (o} o} 0]
T T T T
P P P P
E E E E
R R R R
T T T T
I | | t
N N N N
E E E 13
N N N N
T T T T
12.21 12.22 1223 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED YAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
t N N N
N o} (o] 0
S T ! T T
0 F
L P : P P
U E E E
B R R R
L T T T
E | ! 1
N N N
E : E E
N N N
T T T




DIURON

DIU

Common Synonyme Sokd Write Odoriess & FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
Direx 6.1  Fash Poiat Not pertinent (See Hazard Assessment Handbook)
Marmer 6.2 Flammabile Limits in Al Not pertinent []
gg'n”""‘“"'" 6.3 Fire Extinguishing Agents: Not pertinent

6.4 Fire Extinguishing Agents Not to be
Used: Not pertinent
Avoxd contact with Soiid and dust. Keep peopie away. 6.5 Special Hazards of Combustion 11, HAZARD CLASSIFICATIONS
Wear goggies, g ana rubber -1 g gloves). Products: Highly 1oxc fumes are
Stop trscharge if poswle ) mminent 111 Code of Federal Reguiations:
Isolate and remove material. | ORM-E
Notty local heaith and poliution control agencies. 6.6 Sehavior in Fire: Decomposes at 180° to
190°C 112 NAS Hazard Rating for Bulk Water
67  Ignition Temperature: Not pertinent . "F:m‘“‘ Not ksied
Electrical Hazard: pertinen 11 Classification
Not Nammabie. a8 Not ' Not listed
POISONOUS GAS MAY BE PRODUCED IN FIRE. 6.9  Buming Rate: Not pertinent
Wear goggles, self. 9 and rubber o 610 A Flame T
Data not available
Fire 6.11 Stoichiometric Air to Fuel Ratio:
Data not available
6.12 Flame T Data not
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
m.?‘g o skin. ores nose and throat, 7.1 Reactivity With Water: No reaction
Harmtul if swallowed. 7.2 with Cq No
B o ot e o
lush affected areas with plenty of waler. 7.3 Stability During Transport: Stable
I !
IF SWALLOWED and witrn  GONSCIOUS, have ‘actm dvei water o milk, 7.4 Neutrattzing Agents for Acide and
Caustics: Data not available
7.5 P Oata not
Exposure 7.6 Inhibitor of Polymerization: lable
Data not available
7.7 Moiar Ratio (Reactant to
Producty: Data not available
7.8 Reactivity Group: Data not available
122 PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State st 15°C and 1 atmc
aARIbA:lwmA“Q#::"(Ig‘ LJ“I:.El QO:J"\‘I'EEQY. LOW CONCENTRATIONS. Sold
Water Nc:lyy local health and widtife officiaia. 122 Moieculsr Weight 233.1
Pollution Notify operators of nearby water intakes. 123  Boiling Point at 1 atm:
———— 356 to 374°F = 180 1 190°C =
453.2 10 483.7°K
124 Freezing Point
1. RESPONSE TO DISCHARGE 2 LABEL 3. WATER POLLUTION 316.4 10 318.2°F = 158 10 158°C =
(Ses 21 Category: None 8.1 Aquatic Toxichy: 431.2 10 4322°K
tssue warning-water contaminant. 22 Ciass: Not pertinent 4.0 ppm/96-hour/Bluegill/LDso 125  Critical Tempersture: Data not available
Chemical and physical treatment. 3 ppm/24-hour/ Striped bass 12.8 Criticat Pressure: Data no( avadaltrie
fingerting/LCso 127 Specific Gravity: Data not avadable
42 ppm/48-hour/Large mouth 128 Uquid Surface Tension: Nat pertnent
bass/LCso 129 Liquid Water interfacial Tension:
4.3 ppm/48-hour/Rainbow trout/LCsa Not pertinent
82 Waterfowl Toxicity: LDso Young mallards 1210 Vapor (Gas) Specific Gravity: 8.04
3. CHEMICAL DESIGNATIONS 4, OBSERVABLE CHARACTERISTICS = >2000 ppm LDso Mailard 5 day = 1211 Ratio of Specific Heats of Vapor (Gask
31 CG Compatibliity Class: Not fisted 4.1 Physical State (ss shipped): Sokd >5000 ppm Data not avaiabie
3.2 Formuia: (CeH3Clzs)NHCON(CHa)z 4.2 Color: White 8.3 Biological Oxygen Demand (BOD): 1212 Latent Heat of Yaporization:
CsH10ClzN:O 4.3 Odor: None Oata not available Data not avadabie
3.3 IMO/UN Designation: 6.1/1609 (> 10%); 8.4 Food Chain Concentration Potential: 1213 Heat of Combustion: Data ~t avalabie
9/1609 (< 10%) Accumuiates markedty in fish tissues 12.14 Heat of D Cata not
3.4 DOT ID No.; 1609 1215 Heat of Solution: Data not avasiable
25 CAS Registry No.: 330-54-1 1218 Heat of Poly Cata not
1225 Heat of Fusionm: Data not avasiable
1226 Limiting Vaive: Data not avasable
S. HEALTH HAZARDS 9. SHIPPING INFORMATION 1227 Reid Vapor Pressurs: Cam no avaisole
5.1 Personal Seit 9 rubber gloves, suits and 9.1 Grades of Purity: Wettabie powder 80% '
boots. Granuiar 8%
52 INHALATION: May cause iritation of nose and ttvoat EYES: 9.2 Storsge Temperature: Ambient
Irritation. SKIN: Moderatety imitating to skin, 9.3 Inert Data not
53 Trestment of Exposure: Cal a doctor. Move o fresh air. EYES: Flush with water. SKIN: Wash 9.4 Venting: Data not availsble
with soap and water. INGESTION: Ingestion of soiid - give activated charcoal followed in 3 to 4
hours by sodium sulfate as cathartic. For large doses, gastric lavage may be indicated.
5.4 Threshoild Limit Value: 10 mg/m?.
§5 Short Term Inhalation Umits: 20 mg/m3.
5.8 Toxicity by Ingestion: Grade 2; LDu =05105 g/kg
57 Late y: of g DNA { tia g doses produce mmu
in rats and perhaps ia if the is Y in vivo to di
At 2500 ppm for two years growth was retarded in both rats mﬂ dogs.
5.8 Vapor (Gas) irritant ¢ Data not
5.9 Liquid or Solid Irritant No app hazard. f to skin.
5.10 Odor Threshokt: Not pertinent
511 IDLM Value: Data not available NOTES
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DIURON

1217
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. - British thermal
Tem| ture Pounds cubic Temperature British thermal Temperature P Tem| ture s
(degroes F) foot (degrees F) unit per pound-F (degrees F) | Uianch Por hour- (degraes ) Centipoise
N N N N
o] (o] [o] o
T T T T
P P P [
E E E E
R R R R
T T T T
| 1 | |
N N N N
E E E E
N N N N
T T T T
12.21 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-¥
77 .004 D D D
A A A
T T T
A A A
N N N
o o (e}
T T T
A A A
) v v
A A A
| ) |
L L L
A A A
B B B
L L L
E E E




KEPONE

KPE

GC-1189
ENT-16391
Maerex

Decachiorokstone

Avoul contact with sobd or dust Keep peopie ewey.

6.4

16.  HAZARD ASSESSMENT CODE
(Ses Hazard Assesament Handbook)

11,1t Code of Federal Reguistions:

112 NAS Hazard Reting for Bulk Water

113 NFPA Hazard Classification:

11, HAZARD CLASSIFICATIONS

ORM-E

Transportation: Not ksted

Not listed

68  Electrical Hazwrd: Data not svailable
Fire data not avasisble. 69  Buming Rate: Data not avaiable
610 A Fame T
Oata not aveilsble
6.11 Stoichiometric Alr to Fusl Ratia:
Fire Data not avadable
6,12 Flame e Data not
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
gj"lnggonouglfgrsmu.owsn.| LED, OR IF SKIN IS EXPOSED. 7-1 Reactivity With Water: Data not avadsble
affectod areas with plenty of water. 72 with Ma Data
IFINEY‘ES hoid eyelids open and flush -«hpl-'nyd not available
|mehmsmmm:wmmm“uam 7.3 Stablity During Transport: Caa not
IF sw;uowsnwm-wcoﬂsaousoamwuc CONVULSIONS, available
do nothing excopt keep victim wam. 7.4 Neutraiizing Agents for Acids and
Caustics: Data not available
Exposure 75 Deta not avai
7.6 inhibitor of Polymertzation:
Oata not avedebie
7.7 Moiar Ratio (Reactant to
Producty: Data not svailable
7.8 Reactivity Group: Data not available
HARMFUL TO AQUATIC UFE IN VERY LOW CONCENTRATIONS.
Water locd'm::l“wm
Pollutlon Notity operators of nearby water intakes.
———
1 RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION
(See 2.1 Category: None 8.1 Aquatic Toxicity:
issue 1g-poison, water h 22 Ciass: Not pertinant 0.088 ppm/24-hour/Rainbow
Restrict access. trout/LCeo
Should be remaved. 0.5 ppm/24-hour/ Juvenile white
Chemical and physical treatment. mullet/LCso

te gge

3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS

CG Compatibility Class: Not listed 4.1 Physical State (as shipped)k Solid
Formuie: C10C1100 42 Color: Coloriess
IMO/UN Designation: 8.1/1815 (> 10%); 43 Odor: Odoriess

871615 {<10%)
DOT 10 No.: NA2781
CAS Registry No.: 143-50-0

0.055 ppm/48-hour/ Juvenile white
mullet/LCeo
0.3 ppm/24-hour/Longnose
kitfish/LCos
0.084 ppm/ 48-hour/Longnoss
lilifish/LCao
0.0375 ppm/ 48-hour/ Rainbow
trout/LCao

Waterfowl Toxicity: Data not availabie

(Continued)

54
55
58
87

59
59

5. HEALTH HAZAROS

P Rubber gioves, seft ing and
protactive clothing.

F INHALATION AND INGESTION' These symptoms present in all
affected patients - p - arodety, i memory

mmmmmmmmmm
Call a INHALATION: Remove from exposure. EYES: Flush
mmmmm.smn.wmmm-mmmm.messnon

Induce emaesis or perform gastric lavage. Give saline cathartic. Barbiturates to control tremors or

corvuisions.
Threshold Umit Value: <1 ug/m? up to 10-hour day and 40-howr weel. NIOSH
Recommendation (1978).
Short Term Inhaistion Uimits: <3 ug/m? (estimated).
Toxicity by Ingestion: Grade 3; LDso = 50 10 500 mg/kg.
Late Toxicity: 80-week rat and mouse study. 2-dose levels - generaiized tumors and
p IgNi i in i ia of liver.
VYapor (Gas) Irritant Data not i
Uquid or Solid lrritant Data not

5.10 Odor Threshoid: Not pertinent

st

IDLH Value: Data not available

2.1

2E8

9. SHIPPING INFORMATION

Grades of Purity: 50% Waettable powder;
2% to 4% Baits

e Data not

Inert Data not

Venting: Data not availabie

1210

12211

1212

1221
1214
12215
1218
1228
1226
1227

PHYSICAL AND CHEMICAL PROPERTIES
Physical State at 15°C and 1 atm:
Solid

Molecular Weight 490.68

Boling Point at 1 atm: Subkmes

with decomgosition at 350°C
Freezing Point:

862°F = 349°C = 823.2°K

Criticsl Temperature: Data not available
Critical Pressure: Data not available
Specific Gravity: Data not available
Uiquid Surface Tension: Oata not available
Liquid Water Interfacial Tension:
Data not avaiable

Vapor (Gas) Specific Gravity:

Data not avaiable

Ratio of Specific Heats of Vapor (Gas)
Data not avaiable

Latent Heat of Vaportzation:

Data not avaiable

Heat of Data not

Heat ot Data not ilabl
Heat of Solution: Data not available
Heat of Poly Data not availabk
Hest of Fusion: Data not available
Limiting Value: Data not available
Reid Vapor Pressurs: Data not available

8.4

8. WATER POLLUTION (Continued)
8.3 Biological Oxygen Demand (BOD)X Dlnnm-nllbh

Food Chain

Highty

(425 to 20,000 times
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KPE

KEPONE

1217
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

1220
LIQUID VISCOSITY

British thermal

Temperature Pounds per cubic Temperature British thermal Temperature prg Temperature I
(dege:es [5) fo%t (degeeees [5) unit per pound-F (degpreees F) ungsg?ep'gg:%ur- (degeees F Centipoise
D D D D
A A A A
T T T T
A A A A
N N N N
[0} (o] o} (o}
T T T T
A A A A
\" \ v v
A A A A
| 1 | I
L L L L
A A A A
B B B B
L L L L
E E E E

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
212 470 N N D
o} (0] A
T T T
A
P P
E E N
R R (o}
T T T
I !
N N
E E
N N
T T
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MALATHION

MLT

Common Synonyms Liquid Yellow 10 dark brown  Skunk-ilke odor & FIRE HAZARDS 10. HAZARD ASSESSMENT COOE
Cythion insecticide 61 Flash Point >325°F (See Hazard Asssssment Handbook)
L . . 6.2 Flammable Limits in Alr: A-X-Y
Sinks in water. Freezing point is 37°F. Data not avaisbie
&3 Fire Extinguishing Agents Dry chermscal,
carbon dioxide, water spray, foam
AVOID CONTACT WITH LIQUID. Keep people away. 6.4  Fire Extinguishing Agents Not to be 1L HAZARD CLASSIFICATIONS
Wear chemical suit with seif. 9 Used: Not pertinent
(S:zof:i:dww"pm &5  Specisl Hazards of Combustion 111 Code of Federal Reguiations:
isolate and remove orial Procucts: Vapors and fumes from fires OAM-A
Notty local health and poilution control agencies. are hazardous. They inciude sulfur dimade| 112 NAS Hazard Rating for Bulk Water
and phosphoric acid. Trensportation: Not ksted
6.5  Behavior in Fire: Gives oft hazardous 113 NFPA Hazard Glasaification:
POVSONOUS GASES ARE PRODUGED N FIRE AND WHEN HEATED. fumes. Area surrounding fire ahould be Mot Ested
Cotmmm-ymm diked t0 prevent water runoff.
Em\glnnvom Wcuhonm -;md..nt- or foam. byl Tomp Data ot
Fire el corsuers i water 8  Electrical Hazarc: Not pertrent
69 Burning Rate: Data not avaiabdle
810 Flame T
Data not avaiable
{Contirued)
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
POISONGUS IF SWALLOWED OR IF SKIN IS EXPOSED. 7.1 Reactivity With Water: None
Iritating t0 eyes. 72 with No
Flush affected lfmmu;a ;;'."’..".},'f."".."'a;" ) 73 Stavity ' T
. L 3 During Transport Not pertinent
IF SWALLOWED ana vt CONSGIOUS, e victm vk water 74 Neutrsizing Agents for Ackds and
IFSWALLOWEDMH:MH-U S OR HAVING CON- Cousion: LIa) blaach solon for
do nothing except keep victim warm.
Exposure 75 Not partinent
———— 7.6 Inhibitor of Polymerization:
Not pertinent
7.7 MNolar Ratio (Reactant to
Product): Data not avaiable
7.8 Reactivity Group: Data not availsble
12 PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State at 15°C and 1 st
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS. Liquid
Water May Do dangerows “".‘".'""n"""“"“ 122 Molecular Weight: 330.36
Pollution Notity operators of nearby water intakes. 123 Bolling Point at 1 atnx Very high
124 Freezing Point
3TF = 29°C = 276°K
125 Critical Temperature: Not pertinent
1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION 128  Critical Pressure: Not pertnent
(See 2.1 Category: None 8.1 Aguatic Toxicity: 127  Specific Gravity:
Issue waming-poison, water 22 Ciass: Not pertinent oosppmlscrr/wrn._/m 1234 at 25°C (Saud)
contaminant water 128 LUiquid Surface Tension:
Restrict access 0.033-0.083 ppm/96 hw/marine 37.1 gynes/cm
Shouid bes removed crustacese/LCso = 0.0371 N/m a1 24°C
Chemical and physical treatment 8.2 Watertowl Toxicity: LDsa = 1485 mg/kg 129  tUquid Water Intertacial Tension:
8.3 Biological Oxygen Demand (BOD): 19 dynes/cm = 0.019 N/m at 24°C
Oata not available 1210 Vapor (Ges) Spectfic Gravity:
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 84 Food Chain Concentration Potentiat Not pertnent
21 CG Compatibiiity Class: Not ksted 4.1 Physical State (ss shipped): Liquid None 1211 Ratic of Specific Heats of Vapor (Gask
32 Formula: CioH190ePSs 4.2 Color: Yellow to dark brown. Not pertinent
3.3 IMO/UN Designation: 8.1/2783 4.3 Odor: Characteristic skunk-like mercaptan 1212 Latent Heat of Yaporization:
3.4 DOT ID No: 2783 Not pertinent
3.5 CAS Registry No.: 121-75-5 1213 Heat of ¢ Ouata not
1214 Hest of Decomposition: Not pertinent
1215 Heat of Solution= Not pertnent
1218 Heat of Polymertzation: Not pertinent
S. HEALTH HAZARDS 9. SHIPPING INFORMATION 1225 st of Fusior: Deta not avadatio
) 1228 Limiting Yaiue: Dxta not avasiabie
&1 Per Wear seif (or for 21 MMWCYTHION|MM 1227 Reid Vapor Pressure: Data not available
Wum)wmmmmmmmmmm jon ULV Ci
bleach solution. All ciothing contaminated by fumes and vapors must be decontaminated. Marty powders, dusts, and spray
52 Y Kp to fumes from & fire or to liquid causes headache, solstions are 50id under a vasiety of
mmmmummmmmmmmm trade names.
in the chest. Muacies twitch and convuisions may follow. The symptoms may develop over & 9.2 Storage Temperature: Beiow 120°F.
period of 8 hours. D jon oocuns
53 ot Speed is INHALATION: in the nonbreathing victim immediately at higher temperatires.
institute artificial respiration, using the mouth-to-mouth, the mouth-to-nose, or the 9.3 Inert Data not
mouth-to-oropharyngeal method. Cail INGESTION: mik, water or salt-water 9.4 Venting: Data not available
and induce vomiting repsatedly. SKIN OR EYE CONTACT: flood and wash exposed skin areas
thoroughly with water. Remove contaminated clothing under a shower. Administer atropine, 2
mg(1/30 gn) intramuscuiarly or intravencusly as soon as any local or systemic signs or
symptoms of an intoxication are noted; repeat the administration of atropine every 3-8 min. until
signs of atropinization (mydriasis, dry mouth, rapid puise, hot and dry skin) occur; initiate
treatment in children with 1 mg of atropine. Watch respiration, and remove bronchial secretions
if they appear 1o be cbstructing the airway; intubate if necessary. Give 2-PAM (Pralidaxime; 5. HEALTH HAZARDS (Continued)
Protopam), 2.5 gm in 100 mi of sterile water or in 5% and water, & y. siowty, 510 Odor Threshokt Data not avaiabie
in 15-30 min. i sufficient fiuid is not available, give 1 gm of 2-PAM in 3 mi of distited water by S11 IDLH Value: 5000 mg/ms
deep intramuscular injection; repeat this every haif hour if respiration weakens or if muscle
tasciculation or COnVUISIONs recur.
5.4 Threshold Limit Vaiue: 10 mg/m?
55 Short Term inhalation Limits: Data not available 6. FIRE HAZARDS (Continued)
5.8 :::e‘:’t:bylmﬁl;#z, LDso = 0.5 t0 5g/kg(rat) a1 A 10 Fuel Ratio: Data not
6.12 Flame Temperature: Data not available

gex

Vapor (Gas) liritant Characteristics: None likely
Liquid or Solid Irritant Characteristics: Minimum hazard. If spiled on clothing and allowed G

remain, may Cause smarting and reddening of the skin,

(Continued)
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MALATHION

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

1219
LIQUID THERMAL CONDUCTIVITY

) " . British thermal
Temperature Pounds per cubic Temperature British thermal unit Tem, ture g Tem tre ~
(geg?-:fes F) foot (e.gtimate) (degeees F) per pound-F (deg?:eas F ”ms;u"g'epgo:'_g”" (degm 3] Lentipose
]
77 77.089 85 .380 N 70 ! 45270
78 77.089 90 .384 (o] 72 42680
79 77.089 95 .389 T 74 40260
80 77.089 100 .393 76 37.990
81 77.089 105 .398 P 78 35.870
a2 77.089 110 .402 E 80 33.880
83 77.089 115 .406 R 82 32020
84 77.089 120 411 T 84 30270
85 77.089 125 415 } 86 28.620
86 77.089 130 .420 N 88 27.080
87 77.089 135 424 E 90 25.630
88 77.089 140 .429 N 92 24270
89 77.089 145 433 T 94 22.990
90 77.089 150 .438 96 21.780
91 77.089 98 20.650
92 77.089 100 19.580
93 77.089 102 18.580
94 77.089 104 17.630
95 77.089 106 16.740
96 77.089 108 15.900
97 77.089 110 15.100
98 77.089 112 14.350
99 77.089 114 13.650
100 77.089 118 12.980
101 77.089 118 12.350
102 77.089 120 11.750

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature | British therrai unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) | per pourd-F
77.02 .014 N N N
o] (o} o
T T T
P P P
E E E
R R R
T T T
| | i
N N N
E E E
N N N
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NLD

Common Synonyms Solid or liqud oo el Shightly pungent 6  FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
myn 6.1 Flash Point: Not lammabie (Ses Hazard Assessment Handbook)
Bromex . . 62 Flammabie Limits in Al Not flammabie AX
1, 2-Dibromo-2, 2-dichioroethyl Sinks and mixes slowly with water. 63 Fire Extinguishing Agents: Data not

dimethyl phosphate available
8.4 Fire Extinguishing Agents Not to be
Avoid contact with liquid. Keep people away. Used: Data not avasiabie 11 HAZARD CLASSIFICATIONS
Waar goggles. saif 9 and rubber 0 Jloves). 8.5 Specisl Hazards of Combustion
Stop dracharge if possible. Products: Data not avaiabie 11.1 Code of Federal Reguiations:
Isolate and remove dscharged matenal. ORM.E
Notfy local health and poiiution control agencies. 6.6 Behavior in Fire: Data not avaidable
6.7 ignition Tempersature: Not pertinent 11.2 NAS Hazard Rating for Buik Water
63  Electrical Hazard: Not pertinent Transportation: Not isted
6.9 Buming Rate: Not pertinent 11.3 NFPA Hazard Classification:
Not flammabie. 6.10 A Flame Temp Not listed
Data not available
6.11 Stolchiometric Air to Fuel Ratio:
Fire Data not available
6.12 Flame Temperature: Data not avelable
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
;‘st“ovngﬁs?:ésr;m ALED. 7.1 Reactivity With Water: No reaction
Irritating to skin and eyes. 7.2 Reactivity with Common Materials:
Movae 1o fresh air. Unstabie in presence of Iron
if breathing has stopped, give antificial 1esparation. 7.3 Stability During Transport: Stable under
If breathing is difficult, give oxygen. conditions. Unstaple in
POISONOUS |F SWALLOWED, aikaline conditions. Degraded by
I — Irritating to skin and eyes. sunkight.
Exposure Remove contaminated clothing and shoes. 7.4 Neutraitzing Agents for Acids snd
_ FFIUI,':‘ Ea"('g?e:oaé“eysﬂms bl plmlyuo‘f’ ::st:wm of water. Cauatics: Data not available
IF SWALLOWED and vcamm 1 CONSCIOLS, have wetm drnk water or mik 7.5 Polymerization: Data not available
and have victim induce vomiting. 7.8 Inhibitor of Polymaerization:
IF SWALLOWED and victim is UNCONSCIOUS OR HAVING CONVULSIONS, Data not available
90 nothing @xcept keep victm warm. 7.7 Molar Ratio (Reactant to
Product) Data not available
7.8 Reactivity Group: Daia nat avaianie 12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physicai State at 15°C and 1 atm:
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS. Solid
Water :‘Aoay be dangerous if it omen wu(q intakes. 122 Weight: 381
oty lca e 00 i oo 5 B Pt st 1 s
Pollution 2002°F = 2700°C = 472.2°K
124 Freezing Point: Pure
80.6°F = 27°C = 300.2°K
1. RESPONSE TO DiSCHARGE 2 LABEL 8. WATER POLLUTION 125  Critieal Tempersture: Data not available
(See 2.1 Category: None 8.1 Aquatic Toxicity: . 126  Critical Preasure: Data not available
I3sue ing-poison, water i 22 Class: Not pertinent 24-hour LCso (Bluegills) = 0.22 mg/I 12.7  Specific Gravity:
Restrict access. 48-hour LCso (Brook trout) = 0.078 mg/I 1.97 at 20°C
Shouid be removed. 98-hour LCso (Bluegilis) = 0.18 mg/I 128 Liquid Surface Tension: Data not available
Chemical and physical treatment. 24-howr L.Cso (Rainbow trout) = 1.3 mg/l 129 Uquid Water Interfaciai Tension:
at 1.6°C, 0.62 mg/I at 7.2°C, and Data not availabie
0.24 mg/! at 12.7°C 12.10 Vapor {Gas) Specific Gravity: 13.1
8.2 Waterfowl Toxleity: Oral LDso {Mallards) = {caiculated)
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 52.2 mg/kg Oral LDso (Canada geese) = | 12.11 Ratio of Specific Hests of Vapor (Gas):
3.1 CG Compatibility Class: Not listed 4.1 Physical State (ss shipped): Liquid 36.9 mg/kg Data not availabie
3.2 Formula: C4H7Br2Cl204P 42 Color: Yallow 8.3 Biological Oxygen Demand (BOD): 1212 Latent Heat of Yaporization:
33 IMO/UN Designation: 6.1/2783 (>2.5%); 4.3 Qdor: Siightty pungent Hydrotyzes, Degrades rapily in soil and Data not available
9/2783 {<25%) water. 1213 Heatof C Data not
3.4 DOTID No.: 2783 8.4 Food Chain Concentration Potentiak: 12.14 Heat of D Data not availabk
3.5 CAS Registry No. 300-76-5 None 12.15 Hest of Solution: Not pertinent
1216 Hesat of Yy Data not
12.25 Heat of Fusion: Data not available
5. HEALTH HAZARDS S, SHIPPING INFORMATION 1226 Limiting Yalue: Data not available
1227 Reid Vapor Pressure: Data not available
s.t Rubber gioves, seif i ing P 9.1 Grades of Purtty: Technical, 93%
clothing. 9.2 ge Temp Data not
5.2 F INHALATION OR INGESTION: Symptoms secondary to 8.3 Inert : Data not
inhibition are: i blurred vision, weakness. 9.4 Venting: Data not available
nausea, cramps, diarthea, chest discomfort, sweating, miosis, teanng, salation, and other
: y tract . iting, Gy itching, and .
EYES: imitating. SKIN: Irfitating-can cause dermatitis.
53 T of Call a physici INHALATION: Artificial re@spiration when needed. EYES:
irrigate with physiological saline or water. SKIN: Aemove clothing and bathe thoroughly using
lots of water and soap. When skin appears clear, bathe or swab with ethyi alcohol. INGESTION:
Induce vomiting, give milk or water, and induce vomiting again. OTHER: Atropinize the patient
immediatety with 1 to 4 mg IM. To maintain atropirization, 2-mg doses at intervals of 15 to 60
minutes.
5.4 Threshold Limit Value: 3 mg/m?3.
55 Short Term Inhaiation Limits: 6 mg/m3.
58 Toxicity by Ingestion: Grade 3; LDso = 50 to 500 mg/kg.
57 Late Toxicity: Cholinesterase inhibition persists for several weeks making person more vuinerable NOTES

in case of additional exposure. Exposure of rats at 0.3 to 2.5 mg/! 4 howrs daily for 6 months
caused emphysema, interstitial pneumonia. bronchitis, and penbronchitis. Liver, spieen, and brain
damage was noted.

5.8 Vapor (Gas) Irritant Characteristics: Dangerous concentrations of vapor are not produced under
normal conditions.

5.9 Uquid or Solid Irritant Characteristics: Minimum hazard. If spilled on clothing and allowed 10

remain mi

ay cause smarting and reddening ot skin.

5.10 Odor Threshoid: Data not available
5.11 1DLH Value: Data not avalable
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12.17 i
SATURATED LIQUID DENSITY

12,18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

i iti British thermal
rature Pounds per cubic Temperature British thermal Temperature "y Temperature o
?S:;ﬁ:easuﬂ fo%t (degrl"ees F unit per pound-F (degrl,'ees F ”“g;ﬂ::‘epfz:):?:“" (degeees ) Centipoise
D D D D
A A A A
T T T T
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B B B 8
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12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
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N o] A A
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o} A A
L P
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PYRETHRINS

PRR

Cammon Synonyms Viscous lguid
Persian-
Pyrethrum flowers
Daimation-insect powder ks in water.

Yellow 10 brown

Characterisic odor of
carmier

Avudmnmmmluud vapor, of dust. Kaeppeooleamy
Wear goggles, g and nubber

Stop discharge i poasible.
Isolate and remove

matenai.

Notify local heaith and poiiution control agencies.

9 gloves).

Not flammabie.
POISONOUS GASES MAY BE PRODUCED IN FIRE OR WHEN HEATED.

Wear goggies ana

Fire

10.  HAZARD ASSESSMENT CODE
{Ses Hazard Asssssment Handbook)

A-X

If inhaled, may cause

CALL FOR MEDICAL AID.

VAPOR
Irritating to skin and eyes.

nasal

Move ta fresh ar.

uQuio

Exposure

disturbances.
HAemave contaminated

irvitating to skin and ayes.
It swaliowed may cause neusea, vormiting, headache, and other CNS

and nasal

It breathmg has siopped, give artificial respiration.
If breathing 13 ditficuit, give oxygen.

and shoes.

Flush atfected areas with plenty of water.
IF IN EYES, hold eyelids open and flush with plenty of water.

1F SWALLOWED and victim is CONSCIOUS, have victim drink water or milk.

aARMFUL TO AQU‘ATlC LIFE IN VERY LOW CONCENTRATIONS.
be it '

Water Nowty Iocal pealth and widife offciaia

Pollution

7. CHEMICAL REACTTIVITY

7.1 Reactivity With Water: No reaction

72 y with C: Data
not available

7.3 Stability During Transport Unstabie in
the presance of ight. moisture and air.

7.4 Neutrsiizing Agents for Acids and
Caustics: Data not available

75 Data not

7.8 inhibitor of Polymerization:
Oata not available

7.7 Moisr Ratio (Reactant to
Product): Daia not avaiable

7.8 Reactivity Group: Data not available

11.1 Code of Federai Reguiations:
112 NAS Hzzard Rating for Bulk Water

11.3 NFPA Hazard Classification:

1L HAZARD CLASSIFICATIONS

Not iisted

Transportation: Not listed

1. RESPONSE TO DISCHARGE
(See
issue warning - water contaminant
Should be removed.
Chemical and physical treatment.
Disperse and flush.

Ciass: Not pertinent

3. CHEMICAL DESIGNATIONS

3.1 CG Compatibiiity Class: Not listed

32 Formuls: C:iH2eOs - Pyrathvin |
CasHaeOx - Pyrethrin I
CaoH24Os - Cinerin |
CaiHasOs - Cinerin il

4

4. OBSERVABLE CHARACTERISTICS

Physical State (a8 shipped):
Viscous biquid

Color: Yeliow to brown

Qdor: Characteristic odor of carfier

8 WATER POLLUTION

8.1 Aquatic Toxiecity:
24-howr LCeo Rainbow trout = 0.56
ppm
24-hour LCeo Bluegills = 0.078 ppm
24-hour LCso Mosquito fish = 0.027
ppm
24-hour LCso Moaquito fish = 93 ppm
96-hour LCeo Bluegills = 74 ppm

96-hour LCse Channei catfish = 80 ppm

96-hour LCse Rainbow trout = 54 ppm
82 Waterfowl Toxieity: Oral LDso Young
mallards = > 10,000 mg/kg
43 Biological Oxygen Demand (BOD):
Data not avaiable

33 IMO/UN Designation: 6.1/8184 (>5%); 84 Food Chain Concentrution Potentiak
None
9/9184 (<5%) (Continued)
S. HEALTH HAZARDS 9. SHIPPING INFORMATION
5.1 Personal ciothing and fiter mask recommended. 9.1 Grades of Purtty: Data not availabie
52 INHALATION: Sneazing, serous nasal discharge, nasal 92 Storage Temperature: Cool
mAvwmdmmmmrmﬁnwm 23 Inent Data not
vascuiar and i y difficuity. EYES: May be imitating. SKIN: Contact 9.4 Venting: Data not available
is - & mild ery with papules in moist areas and intense

pruritis. INGESTION: Excitation - 1o convuisions - to tetanic paralysis; muaculas firiliations;

death from respiratory faikure.

53 Treatment of Exposure: Call a doctor. INHALATION: Symptomatic - antihistamines are of valus.
EYES: Flush with water. SKIN: wmmmwmw INGESTION: Gastric lavage followed

by saline For nervous
controlied with atropine sulfate.
S4 Thweshold Limit Value: 5 mg/m3.

55 Short Term Inhalstion Limits: 10 mg/m?.
58 Toxicity by Ingestior: Grade 2; LDso = 0.5 to 5 g/kg.

should be used. Diarrhea can be

57 Late Toxicity: May cause hy reaction,
axpH May cause it
58 Vapor (Gas) lrritant Ch Data not

59 Liquid or Solid irritant Characteriatics: Minimumn hazard. if spilled on clothing and aliowed to
remain, may cause smarting and reddening of skin.

5,10 Odor Threshold: Data not available
5.11 [DLH Value: 5,000 mg/m?

1221

122

173

12.10

1”721

1212

12213
1214
1218
18
1225
122¢
1227

PHYSICAL AND CHEMICAL PROPERTIES
Ptrysical State at 15°C and 1 stm:

Liquid
Molecular Weight: 328.4 Pyrettvin |; 372.4
Pyretin II; 316.4 Cinerin |, 380.4
Ginerin
Bolling Point at t atm:
338°F = 170°C = 443.2°K (Pyrsthrin I)
392°F = 200°C = 473.2°K (Pyrethrin 1I)
279°F = 137°C = 410.2°K (Cinerin I)
381°F = 183°C = 458.2°K (Cinerin II)
Freszing Point: Data not available
Critical Data not
Critical Pressure: Data not available
Specific Gravity: Data not avaiabie
Uquid Surface Tenaslon: Data not available
Liquid Water interfacial Tension:
Dats not available
Vapor (Gas) Specific Gravity:
Data not evailabie
Ratio of Specific Heats of Vapor (Gask
Data not available
Latent Heat of Vaporization:
Data not available
Heat of Data not
Heat of Data not
Hest of Solution: Data not avaiable
Heat of Poly Data not
Heat of Fusion: Data not availabie
Limiting Value: Data not available
Reid Vapor Pressure: Data not avaiable

3 CHEMICAL DESIGNATIONS (Continued)

3.4 DOTID No: 9184
3.5 CAS Registry Noz 8003-73-7
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PYRETHRINS

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

; P Brtish thermai
Temperature Pounds per cubic Temperature British thermat Temperature Temperature T
(degrees F) foot (degrees F) unit per pound-F (degrees F) unn-mchemtgur- (degrees F) Centipoise
D D D D
A A A A
T T T T
A A A A
N N N N
(o} (o] o} o
T T T T
A A A A
v \' v Y
A A A A
| | | |
L L L L
A A A A
B B B B
L L L L
E E £ E

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
| N N D
N o} [0} A
S T T T
(o} A
L P P
U E E N
B R R o}
L T T T
E | !
N N
E E
N N
T T
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TURPENTINE

TPT

Common Synonyms ‘Watery liquid Coloriess Penetrating,
1s_o'-ndup.mho e odor
Wooduuwm“ fine. Floats on water. kritating vepor is produced.

D.D. turpentine

Stop diecharge if possible. Keep peopie away.
Cal fre department.

Avoid contact with liquid and vapor.

Isolate and remove discharged material. )
Notify local heaith and poiiution control agencies.

H
is
g

on
Fire Coolexpos-dcmm-im\nm.

& FIRE HAZARDS
Fisen Point: 95°F C.C.

£

62 Fammabie Limits in Air: 0.8% (LEL) A-T-U
63 Fire Extinguishing Agents: Foam, dry

chamical, or carbon dicdde
64  Fire Extinguishing Agents Not to be

Usect: Water may be ineftective. 1L HAZARD CLASSIFICATIONS
85 Special Hazards of Combustion .

Products: Not pertinent 11.1 Code of Federal Reguistions:
6.8 Behavior in Fire: Forms heavy biack smoke Flammable liqud

and soot 112 NAS Haxard Rating for Bulk Water
47  Iignition Tempersture: 488°F Traneportatior:
€3  Electrical Hazard: Not pertinent Category Rsting
69 Buming Rate: 2.4 mm/min. [ TONEERSRETI————

1

i
8
Z
i

i
i
8

10, HAZARD ASSESSMENY CODE
(See Hazard Assssament Handbook)

Exposure

or k.

Wmm&mhmmm
Water Mlybomiﬁtommwlhrhm-.

Pollution Notity local health and wildiite officials.
Notity operators of nearby water intakes.

7. CHEMICAL REACTIVITY

7.1 Reactivity With Water: No reaction

72 with C No
reaction

7.3 Stability During Transport: Stable

7.4 Neutraiizing Agents for Acide and
Caustica: Not pertinernt

7.5 Polymerization: Not pertinent

7.8 nhibitor of Polymerizstion:
Not pertinent

7.7 Mol Retio (Reactant to
Product): Data not available

7.3 Reactivity Group: 30

12 PHYSICAL AND CHEMICAL PROPERTIES

121  Physical State st 15°C and 1 stm:
Liquid

122 Molecular Welght Not pertinent

123 Boling Point at 1 stmc
302—320°F
= 150—160°C = 423—433°K

L RESPONSE TO DISCHARGE 2 LABEL

(See Methods 21 Category: Flammabie liquid

Mechanical containment 22 Class: 3

& WATER POLLUTION

8.1 Aguatic Taxieity:
100 ppm/*/fish/toxic/ fresh water
“Time period not specified.

82 Waterfowl Toxicity: Data not avaiable

&3 Biological Oxygen Demand (BOD)X
Data not available

8.4 Food Chain Concentration Potentiak

124 Freezing Point Not pertinent
125 Critical Temperature: Not pertinent
128 Critical Pressure: Not pertinent
127 Specific Gravity:
0.86 at 15°C (liquid)
128  Liquid Surface Tension: Data not availsble
129 Ucquid Water interfacial Tension:
14 dynes/cm = 0.014 N/m at 22.7°C
1210 Vapor (Gas) Specific Gravity:

None Not pertinent
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 12.11 Rstio of Specific Hests of Vapor (Gask
3.1 CQ Compatibiity Class: Olefin 4.1 Physical State (as shipped): Liquid Not partinert
3.2 Formuix CioHis 4.2 Color: Colorless 1212 Latent Heat of Vaporization:
3.3 HSO/UN Designation: 3.3/1289 43 Odor: Aromatic, rather unpleasant, Not pertinent
34 DOT ID No.: 1209 penetrating . 1213 Hest of Combustiorz Not pertinent
3.5 CAS Registry No. 8008-84-2 12.14 Heat of Decomposition: Not pertinent
12156 Heat of Solutiorc Not pertinent
12,16 Heat of Polymerization: Not pertinent
1225 Heat of Fusior: Data not availeble
5. HEALTH HAZARDS % SHIPPING INFORMATION 1228 Umiting Vase: Data not avaiable
1227 Reid Vapor Pressure: 0.26 psia
51 Organic canister or air-supplied mask; goggles or face shieid; .1 Grades of Purity: A wide variety of grades
m«m and purities are shipped. AR have sbout
52 Vapors cause y distress. Licusd the same hazardous properties.
hlhlﬂnkl!  ingested, mmmmmmmmmwnhﬂ 22 ge T 9
i» taken intD lungs, Causes sgvers PNeuUMONitis. 9.3 inert Atmosphere: No requirement
§3 Trestment of Exposure: INHALATION: remove victim to fresh air; call a doctor: administer %4 Venting: Open (flame arreston)

artificial sration and oxygen if

INGESTION: give water and induce vomiting; call a

doctor. EYES: flush with water for at least 15 min. SKIN: wipe off, wash with soap and water.

Threshold Limit Vakse: 100 ppm

Short Term Inhaiation Limites 200 ppm for 30 min.
Toxicity by Ingestion: Grade 2 LDasa = 0.5 10 5 9/kg
Late Toxicity: None

gLEne

system if present in high The effect is

Vapor {Gas) Irritant Characteristics: Vapors cause a sight smarting of the eyss or respiratory

59 Uquid or Soiid irritant Characteristics: MMNWMMNMN

remain, may cause smaring and reddening of the skin.
5.10 Odor Threshoid: Data not aveilable
5.11 IDLH Value: 1,900 ppm

NOTES
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TPT

TURPENTINE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

o . British thermal
Temperature Pounds per cubic Temperature B""Shr thel:rr:\da.lFumt Temperature unit-inch per hour- Temperature Centipo
(degrees F) foot (estimate) (degrees F) p(ees‘:i‘r’nate) (degrees F) square fo0t-F (degrees F) entipoise
(estimate)
32 53.680 28 411 32 1.040 46 1.838
34 53.680 30 411 34 1.040 48 1.802
36 53.680 32 411 36 1.040 50 1.767
38 53.680 34 411 38 1.040 52 1.733
40 53.680 36 411 40 1.040 54 1.700
42 53.680 38 411 42 1.040 56 1.668
44 53.680 40 411 44 1.040 58 1.636
46 53.680 42 411 46 1.040 60 1.606
48 53.680 44 41 48 1.040 62 1.576
50 53.680 46 AN 50 1.040 64 1.547
52 53.680 48 411 52 1.040 66 1.519
54 5§3.680 50 411 54 1.040 68 143
56 53.680 52 411 56 1.040 70 1.464
58 53.680 54 411 58 1.040 72 1.438
60 53.680 56 411 60 1.040 74 1.413
62 53.680 58 411 62 1.040 76 1.388
64 53.680 60 411 64 1.040 78 1.364
66 53.680 62 A1 66 1.040 80 1.340
64 411 82 1.317
66 A1 84 1.294
86 1.272
88 1.251
920 1.230
92 1.210
94 1.190
96 1.170

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
| 55 525 N N
N 60 .561 0 o}
S 65 597 T T
(o] 70 .636
L 75 676 P [
U 80 718 E E
B 85 761 R R
L 90 .807 T T
E 95 .854 | I
100 .903 N N
105 .954 E E
110 1.007 N N
11§ 1.061 T T
120 1.118
125 1177
130 1.237




2, 4-D ESTERS

DES

Butyl 2.4-Drchiorophenoxyacetate |
Isopropyl 2. 4-dichlorophenoxy

2, 4.

Common Synonyms Liquid Yeliowish brown Fuel o-like odor

acetate
Oxchlorophenoxyacetic acid.
butoxyethy! ester

Sinks in waler

Slop aischarge M possible. Keep people away
Shut off igmtion sources. Call fire depanment.
Avotd contact with Iquid.

Isolate and remove drscharged matenal.

Notity local heaith and poliution controi agencies.

Combustible.

Irntating gases may be produced when heated.

Wear goggles and sett U
Extinguish with dry chemucais. !oam or carbon doxide.
Water may be ineffective on fre.

Fire Cool exposed containers with water.

6.1
8.2

8.3

6.4

6. FIRE HAZARDS

Flash Point: > 178°F O.C

Flammabie Limits in Alr:
Data not avaiabie

Fire Extinguishing Agents: Foam, ory
chemical, carbon dioxide

Fire Extinguishing Agents Not to be
Used: Water may be neffective.

Special Hazards ot Combustion
Products: imiating hydrogen chionde
vapor may form in fire.

Behavior in Fire: Data not available

Ignition Temperature: Data not avadable

Electrical Hazard: Data not avallable

Burning Rate: Dala not avaiable

6.10 Adiabatic Flame Temperature:

Data not available
Stoichiometric Air to Fuei Ratio:
Data not avaiable

6.12 Flame Temperature: Data not avalable

10. HAZARD ASSESSMENT CODE
(See Hazard Assessment Handbook)
A-X-Y

CALL FOR MEDICAL AID.

Liquio

Irntating to skin and eyes.

Harmiul if swallowed.

Remnove contamnated clothing and shoes.

Flush attected areas with plenty of water.

IF iIN EYES. hold eyelds open and llush with plenty of water.

iF SWALLOWED, and victim s CONSCIOUS, have wictim drink water or milk
and have victim induce vomiting.

IF SWALLOWED and victm = UNCONSClOUS OR HAVING CONVULSIONS,
do nothing except keep victim warm

7.1
7.2

7.3
7.4

78
78

7.7

78

7. CHEMICAL REACTIVITY

Reactivity With Water: No reaction
Aeactivity with Common Materials: May
aftack some forms of plastics
Stability During Transport: Stable
Neutralizing Agents for Acids and
Caustics: Not pertinent
Polymerization: Not pertinent
Inhibitor of Polymerizstion:
Not pertinent
Molar Ratio (Reactant ta
Product): Data not available
Reactivity Group: Data not available

11.  HAZARD CLASSIFICATIONS

11.1 Code of Federal Regulations:
ORM-E

11.2 NAS Hazard Rating for Bulk Water
Transportation: Not listed

11.3  NFPA Hazard Classification:
Not listed

Exposure
Dangerous to aquatic life in igh concentrations.
water May be dangerous il it enters water intakes.
Notity local heaith and wildite officials.
PO"I.I“OI'I Nolity operators of nearby water intakes.
1. RESPONSE TO DISCHARGE 2 LABEL
(See 2.1 Category: None
issue wamning-water contaminant 2.2 Class: Not pertinent

Should be removed
Chemical and physical treatment

3.1
3.2

5

s

3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS

CG Compatibility Class: Not fisted 4.1 Physicsl State (as shipped): Liquid
Formula: 2,4-Cl.CeH2OCH:COOR, 4.2 Color: Brown: amber

where R =C+Hs CaHz, or CH:CH :OCiHy 4.3 Odor: May have ador of fuel oil.
IMO/UN Designation: Not listed
DOT 1D No.: 2765
CAS Registry No.: 94-11-1

8.2

83

8.4

& WATER POLLUTION

Aquatic Toxicity:
350 ppm/24 hr/bass, bluegill/50% kill/
fresh water
1.0-5.0 ppm/96 hr/oyster/39% shell
Qrowth disease/salt water

Waterfowi Toxicity: LD:o - 2025.0
mg/kg

Biological Oxygen Demand (BODX
Data not available -

Food Chain Concentration Potentiat:
None

5. HEALTH HAZARDS

P Face shieid or goggles. rubber gioves
F : Contact with eyes may cause mild imitation.
Trntmom of Elposurr INGESTION: it iarge are induce g and get

medical heip. EYES: Hush with pienty of water and see a doctor. SKIN: flush wilh water, wash
with soap and water.

Threshoid Limit Vaius: Data not avalable

Short Term Inhalation Limits: Data not available

Toxicity by Ingestion: Grade 2 or 3; LDz = 320-617 mg/kg

Late Toxicity: Data not available

Vapor (Gas) Irritant Characteristics: Data not available

Liquid or Sotid Irritant C Data not i

5.10 Odor Threshotd: Data not available
5.11 IDLH Value: Data not avalable

9.4

9. SHIPPING INFORMATION

Grades of Purity: Techmical, 99%: 64% in
petroleum ol

Storage Temperature: Ambeent

Inert Atmosphere: No requirement

Venting: Open

12 PHYSICAL AND CHEMICAL PROPERTIES

12.1  Physical State at 15°C and 1 atm:
Liquid
122 Molecular Weight: 234.291
12.3 Bolling Point at 1 atm: Very high
124  Freezing Point Not pertinent
125 Critical Temperature: Not pertinent
12.6  Critical Pressure: Not pertinent
12.7  Specific Gravity:
1.088-1.237 at 20°C (liquid)
128  Liquid Surtace Tension: Data not avasable
129  Liquid Water Interfacial Tension:
Data not available
12.10 Vapor (Gas) Specific Gravity:
Not pertinent
12.11  Ratio of Specific Heats of Vapor (Gas)
Not pertinent
12.12 Latent Meat of Vaporization:
Oata not available
1213  Heat of Combustion: Data not avalable
12.14 Heat of Decomposition: Not pertinent
1215 Heat of Solution: Not pertinent
12.16 Heat of Polymerization: Not pertinent
1225 Heat of Fusion: Data not available
1226 LUimiting Value: Data not available
1227 Reid Vapor Pressure: Data not availade

NOTES
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DES

2,4-D ESTERS

12.17 12.18 12.19 1220

SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY

Temperature Pounds cubic Temperature British thermal Temperature P Temperature .

(deg‘n,'eees F foot. (degrees F) unit per pound-F (degrees F) “'“Mepgo:g“ (degrees F) Caentipoise

68 71.790 N N N

o} o 0
T T T
P P P
E E E
R R R
T T T
1 | |
N N N
E E E
N N N
T T T

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

1223
SATURATED VAPOR DENSITY

1224
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) square inch (degrees F) foot (degrees F) per pound-F
! N N N
N (o} (o] o
S T T T
o
L P P P
U E E E
B R R A
L T T T
E I | 1
N N N
E E 13
N N N
T T T




DICHLOROMETHANE

DCM

Common Synonyms Watery liquid Coloriess Sweel. pieasant odor 6. FIRE HAZARDS
Methyiene chloride 6.1 Flash Point: Not flammabie under

conditions likely 10 be encountered.

Sinks in water. Ivitating vapor is produced. 6.2 Flammabie Limits In Al 12%-19%

6.3 Fire Agents: Not pr
6.4  Fire Extinguishing Agents Not to be
Stop discharge if possibie Used: Not pertinent
Avoid contact with liqusd and vapor 6.5 Specisl Hazards of Combustion
1sotate and remove discharged matenal D,

Notiy local heaith and poliution control agencies.
generated in a fira may be irmtabng or
toxic.

6.8 Behavior in Fire: Not pertinent

6.7 Ignition Temperature: 1184°F

1. HAZARD ASSESSMENT CODE
(See Hazerd Assessment Handbook)
AP-X

Not lammabie.
POISONOUS GASES ARE PRODUCED WHEN HEATED. 6.8  Electrical Hazard: Not pertinent
Wear goggles and seif-conlaned breathing appasatus, 6.9 Buming Rate: Nol pertnent
Cool exposed containers with water. 6.10 A Flame T
Data not available
F]re 6.11 Stoichiometric Alr to Fuel Ratio:
Data not availabie
6.12 Flame Tempersture: Data not avadabie
CALL FOR MEDICAL AID 7. CHEMICAL REACTIVITY
VAPOR
|mitating 10 . nose and throat. 7.1 Resctivity With Water: No reaction
It inhaled, will cause nausea and dizziness. 12 y with C No
Move to fresh aw. reaction
If treatmng has siopped. grve artiticial respiration. 7.3 Stabllity During Transport: Stable
" f .
DZ:‘“'"Q s aithcull. gve oxygen 7.4 Neutrailzing Agents for Acids and
Liauio - pertinent
Irritating 1o skin and eyes. Caustica: Not
Harmtul it swallowed. 7.5 Polymaerization: Not pertnent
Exposure Remove contaminated clothing and shoes. 7.8 inhibitor of Polymerization:
F’_}m Elﬁgclad areas with plenty of water. . Not pertinent
IF IN EYES. hoid eyehds open and llush with plenty of water.
IF SWALLOWED and victm is CONSCIOUS, have victim dnnk water 7.7 Molar Ratlo (Reactant to
or mulk. Product): Data not available

7.8 Reactivity Group: 36

Efect of low concentrations on aquatic fife is unknown.
Water May be dangerous if it enters water intakes.

Notity local health and pollution control officials.
Pollution Nolify operators of nearby water intakes.

11.  HAZARD CLASSIFICATIONS
11.1 Code of Federsl Reguiations:
ORM-A
112 NAS Hazard Rating for Bulk Weter

11.3 NFPA Hazard Classification:
Category Classitication

Heaith Hazasd (Blue)......... . 2
F ity {Red) 0
(Yeolow) 1

1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION
(See 2.1 Category: None 8.1 Aqustic Toxicity: Not pertinent
Disperse and flush 2.2 Class: Not pertinent 8.2 Waterfowl Toxicity: Not pertinent
8.3 Blological Oxygen Demand (BODX
Not pertinent
8.4 Food Chain Concentration Potentiak
None
3. CHEMICAL DES!GNATIONS 4. OBSERVABLE CHARACTERISTICS
31 CGC Class: Qf 4.1 Physical State (ss shipped): Liquid
hydrocarbon 4.2 Color: Colorless
3.2 Formula: CHiClz 4.3 Odor: Pleasant, aromabc, kke chioroform;
3.3 IMO/UN Designation: 9.0/1593 sweet, ethereal
34 OOT ID No.: 1593
3.5 CAS Registry No.: 75-09-2

S. HEALTH HAZARDS 9. SHIPPING INFORMATION
51 Organic vapor canisier mask, safety glasses, protective 9.1 Grades of Purity: Aerosol grade; technical
clothing. grade
52 F 9 INHALATION: anesthetic effects, nausea and drunkenness. 9.2 Storage Temperature: Dala not avadable
CONTAGCT WITH SKIN AND EYES: skun irritation, iitation of eyes and nose. 9.3 (nert Atmosphere: Inerted
5.3 Treatment of Exposure: INHALATION: remave from exposure. Give oxygen i needed. 9.4 Venting: Data not avaiiable

INGESTION: no specrfic antidote. CONTACT WITH SKIN AND EYES: remove contarnated
clothing; wash skin or eyes if affected.

5.4 Threshold Limit Vaiue: 100 ppm

5.5 Short Term Inhalation Limits: 500 ppm for 30 min.

58 Toxicity by Ingestion: Grade 2: LDso = 0.5 10 5 g/kg

5.7 Late Toxicity: None

5.8 Vapor (Gas) Irritant Characteristics: Vapors cause moderate irfitation such that personnel wil
find high concentralions unpleasant. The etfect is temporary.

5.9 Uquid or Solid Irritant Charscteristics: Minimum hazard. If spilied on clothing and allowed to
remain, may cause smarung and resdening of the skin.

12 PHYSICAL AND CHEMICAL PROPERTIES

12.1 Physical State at 15°C and 1 atm:
Liquid
122 Moleculsr Weight 34.93
123  Boiling Point st 1 atm:
104°F = 39.8'C = 313.0°K
124  Freazing Point:
—142°F = —96.7°C = 178.5°K
12.5 Criticsl Temperature:
473°F = 245'C = 518°K
126 Critical Preasure:
895 psia = 60.9 atm = 6.17 MN/m?
12.7 Specific Gravity:
1.322 at 20°C (liquid)
128 Liquid Surface Tension: Not pertinent
129  Liquid Water interfscial Tenslon:
Not pertinent
1210 Vapor (Gas) Specific Gravity: 2.9
1211 Ratio ot Specific Heats of Vepor (Gas):
1.199
12.12 Latent Heat of Vaporization:
142 Btu/lb = 78.7 cai/g =
330 X 10° J/kg
1213 Hest of Combustion: Not pertinent
1214 Heat of Decomposition: Not pertinant
12.15 Heat of Solution: Not pertinent
12.16 Heat of Polymerization: Not pertinent
1225 Heat of Fuslor: 16.89 cai/g
1226 Limiting Value: Data not available
12.27 Reid Vapor Pressure: 12.9 psia

5.10 Odor Threshold: 205-307 ppm
5.11 IDLH Vaiue: 5,000 ppm

NOTES

JANUARY 1991



DCM

DICHLOROMETHANE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. - ; British thermal
Temperature Pounds cubic Tom,| ture British thermal unit Temperature g Temperature —
(degroes F) oot (dogrees F) per pound-F (degrees P e P o (degrees F) Centipoise
-70 91.320 35 274 —110 1.205 N
—60 90.700 40 275 —-100 1.192 (o]
—50 90.080 45 .276 —90 1.179 T
—40 89.450 50 277 —80 1.166
—30 88.830 55 .278 —70 1.154 P
—20 88.200 60 279 —60 1.141 E
—-—10 87.580 65 279 —-50 1.128 R
0 86.959 70 .280 —40 1.115 T
10 86.330 75 .281 -30 1.102 !
20 85.709 80 .282 —20 1.090 N
30 85.080 85 .283 —10 1.077 £
40 84.459 90 .284 0 1.084 N
50 83.830 95 .284 10 1.051 T
60 83.209 100 .285 20 1.038
70 82.589 30 1.025
80 81.959 40 1.013
90 81.341 50 1.000
100 80.709 60 .987
70 974
80 961
12.21 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
68.02 1.380 -—10 .866 —10 01525 0 126
-5 1.013 —5 .01763 10 129
0 1.180 1] .02031 20 A31
5 1.370 5 .02333 30 133
10 1.588 10 02671 40 135
15 1.830 15 .03050 50 137
20 2.105 20 .03472 60 .139
25 2414 25 .03941 70 142
30 2762 30 04462 80 144
35 3.151 35 .05039 90 145
40 3.585 40 .05676 100 147
45 4,068 45 .06378 110 149
50 4.606 50 .07149 120 .151
55 5.201 55 .07996 130 153
60 5.860 60 .08922 140 155
65 6.588 65 .09934 150 156
70 7.389 70 11040 160 .158
75 8.270 75 12240 170 .159
80 9.237 80 .13540 180 161
85 10.300 85 14960 190 163
200 164
210 .165
220 167
230 .168
240 .169

AN




ETHYLBENZENE

ETB

EB

Swest, gasoiine-iile
odor

Floats on water. Flammable, iitating vapor is produced.

Avoud contact with ligud and vapor. Keep peopie away.
Wear goggles, seif-contasned breathing and rubber ]
(including gloves).
Shut off ignition sources and call fire department.
Stoo discharga it possibie.
upwind and use water spray 10 "knock down™ vapor.
|lohle and ramove discharged matanal.
Notify ‘ocai heaith an pofiution control acencies.

6. FIRE HAZARDS

Flash Paint: 80°F O.C.; 58°F C.C.
Fammabie Limits in Alr: 1.0%-6.7%
Fire Extinguishing Agents: Foam (most

effective), water fog, carhon dicoide or

dry chemical.
64 Fire Extingrishing Agents Not to be

Used: Not pertinent
6.5 Special Haxards of Combuation
J Vapors are o

gee

when heated.
6.8 Behavior in Fire: Vapor is heavier than air

10 HAZARD ASSESSMENT CODE
{See Hazard Assessment Handbook)
A-T-U

IL HAZARD CLASSIFICATIONS
11.1 Code of Federsi Reguistions:
Flammable kg
112 NAS Hazard Rating for Bulk Water

and may travel considerable disiance %o
FLAMMABLE. e
Flashback along vapor trall may occur. the source of ignition and flash back.
Vapor may explode il ignited in an enclossd area. . 6.7 Igniton Tempersture: 860°F
Wear goggies, seif-contaned breathing apparatus, and rubber gverciothing 68 BElectrical Haxard: Not pertinent
— (including gloves). Rate: 5.8 / mis
Fire Extinguish wih dry chemiCal, foam, or carbon dioxide. 68 Buming -8 mm/min.
Water may be inuifactve on fire. .10 FRame T
Cool with waer. Data Not Avaiiable
{(Continved)
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
VAPOR 7.1 Reactivity With Water: No reaction
Imh 10 eyea, nose and throat. N y
o inhaled, will cause daziness or difficult breathing. 72 y with C No
Move to vresh air., reaction
!l breathing has stcpped, give artificial raspiration,
If breathing is difficult, give oxygen. ;’: Stabiiity During Tr-:ort S“::‘
will h'uon skin and eyes. . Not p
Harmiful f swaliowed. 75 Polymerization: Not pertinent
Expﬂsure Remave contaminated clothing and shoea. 7.8 Inhibitor of Polymerization:
Flush affected areas with plenty of water. Not pertinent
IF IN EYES, hold eyelids open and flush with plenty of water.
IF SWALLOWED and victim is CONSCIOUS, have victim drink water 7.7 Molar Ratio (Reactant to
or rmlk. Product] \vailable
DO NOT INDUCE VOMITING. 78 R " : Oara ::‘ A
HARMFUL TO AQUATIC LIFE IN YERY LOW CONCENTRATIONS.
F A A
Water May be dangerous i it entars water intakes.
Notity local heaith and widiife officiais.
POHUtlon Notify operators of nearby water intakes.
—————
L RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION
(See 21 Category: Flammabie fiquid 8.1 Aquatic Toxicity:
Mechanical cortainment 22 Class 3

Shouid be removed
Chemical and physical treatment

2444

3. CHEMICAL DESIGNATIONS
CG Compatibllity Class: Aromatic

4. OBSERVABLE CHARACTERISTICS
Physical State (se shipped): Liquid

hydrocarbon
Formula: CeHsCHsCHs
IMO/UN Designatiors 3.3/1175
DOT 1D No.: 1175
CAS Regiatry No: 100-41-4

Odu-Ammnﬂl:

29 ppm/96 hr/bluegill/ T,/ fresh water
y: Data not aves
me(wmz
28% (theor.), 5 days
8.4 Food Chain Concentration Potentiek
None

4 o

A

54
[ X3
[ 13
[ 44
58

3. HEALTH HAZARDS

Selt. safety goggles.
mmmﬁndmmw
mmammmmmlmmmm”m
Trestment of Exposure: INHALATION: if il effects occur, remove victim o fresh air, kesp him
wartn and quiet, and get medical heip prormptly; if breathing siops, give artificial respiration.
INGESTION: induce iting only upon s app! material in ng may couss
chemical pneumonitis. SKIN AND EYES: promeptly flush with plenty of water (15 min, for eyes)
and get medical attention; remcve and wash contaminatad clothing before reuse.
Threshoild Limit Value: 100 ppm

Short Term Inhalation Limits: 200 ppm for 30 min.

Toxicity by ingestion: Grade 2; LDso = 0.5 to 5 g/kgq (rat)

Late Toxicity: Data not available

Vapor (Gas) lsritant Characteristics: Vapors cause moderate iritation such that personnel will
find high The effect is y.

Liquid or Solid Irritant Causes g of the skin and first-degree buma on
short may cause Yy burms on long exposure.

5.10 Odorm 140 ppm

51

1DLH Value: 2,000 ppm

9. SHIPPING INFORMATION

9.1 Grades of Purity: Research grade:
99.98%; pure grade: 99.5%; technical
grade: 98.0%

92 Storage Temperature: Ambient

9.3 inert Atmosphers: No requirement

9.4 Yenting: Open (flame arrestar) or
pressure-vacuum

12, PHYSICAL AND CHEMICAL PROPERTIES

121 Physical State at 15°C and 1 atm
Liesd
122 Molecular Weight 108.17
123 Boilling Point at 1 atm:
277 2°F = 138.2°C = 409.4°K
124 Freezing Point
—139°F = —85°C = 178°K
125  Critead T
851.0°F = 343.9°C = §17.1°K
128 Critical Preseure:
523 psia = 35.6 ath = 3.61 MN/m?
127 Specific Gravity:
0.867 at 20°C (iquid)
128 Uquid Surface Tension:
29.2 dynes/cm = 0.0292 N/m at 20°C
129 Uquid Weter interfacial Tension:
35.48 dynes/cm = 0.03548 N/m at
20°C
1210 Vapor (Gas) Specific Gravity:
Not pertinent
12.11 Ratio of Specific Heats of Yapor (Gask
1.071
1212 Latent Hest of Vaportration:
144 Bt/ = 60.1 cal/g =
335 X 10¢ J/kg
1213  Heat of Combustion: —17,780 B/ib
- —B077 cal/g = ~—413.5 X 10% J/kg
12.14 Hest of Decomposition: Not pertinent
1215 Hest of Solutiorz Not pertinent
1216 Hest of Polymertzationz Not pertinent
1228 Heat of Fusiorn: Data Not Avaiable
1228 Uimiting Value: Data Not Availsble
1227 Reid Yapor Pressure: 0.4 psia

& FIRE HAZARDS (Contiowed)
4.11 Stoichiometric Air to Fuel Ratio: Data Not Available

6.12 Flame T

Oata Not
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ETB

ETHYLBENZENE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

) 12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. -~ . British thermai
Temperature Pounds per cubic Temperature British thermal unit Temperature o . Temperature o
(degrees F) foot (degrees F) per pound-F (degrees F) ”“';;3::‘9",2‘;:‘_%“" (degrees F) Centipoise

40 54.990 40 402 —90 1.065 40 835
50 54.680 50 404 —80 1.056 50 774
60 54.370 60 407 --70 1.047 60 719
70 54.060 70 .409 —60 1.037 70 870
80 53.750 80 412 —50 1.028 80 626
90 53.430 920 414 —~—40 1.018 90 .586
100 53.120 100 417 —30 1.009 100 .550
110 52.810 110 419 —20 1.000 110 518
120 52.500 120 421 —10 .990 120 .488
130 52.190 130 424 0 .981 130 461
140 51.870 140 426 10 97 140 .436
150 51.560 150 429 20 .862 150 414
160 51.250 160 431 30 953 160 .393
170 50.940 170 434 40 .943 170 374
180 50.620 180 .436 50 .934 180 356
190 50.310 190 439 60 924 190 340
200 50.000 200 441 70 915 200 .325
210 49.690 210 443 80 906 210 311

90 .896

100 .887

110 877

120 .868

130 .859

140 .849

150 .840

160 .830

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British therrmal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F

68.02 .020 80 202 80 .00370 —400 —.007
100 370 100 .00654 -—350 .026

120 644 120 .01099 -—300 .060

140 1.071 140 01767 ~--250 .093

160 1.713 160 02734 —200 125

180 2.643 180 .04087 —150 157

200 3.953 200 .05926 —100 .187

220 5.747 220 .08363 —50 217

240 8.147 240 .11520 0 246

260 11.290 260 .15510 50 .274

280 15.320 280 .20490 100 301

300 20.410 300 .26570 150 327

320 26.730 320 .33910 200 .353

340 34.460 340 42620 250 377

360 43.800 360 .52850 300 .401

380 54.950 380 64720 350 424

400 .446

450 467

500 487

550 507

600 525




0-CHLOROPHENOL CRH

Common Synonyme Liauid Coloess 10 amber  Unpeeem & FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
M'z 6.1 Flash Point: 147°F C.C. (See Hazard Assesament Handbook)
-chioro-1-+ ydroxybenz 62 Flammable Limits in Al 1.7 % A-X
i aoayehoromame Sinks and slowly mixea. acntated) "

chemical, carbon dioxide, water spray of

AVOID CONTACT WITH LIQUID AND VAPOR. KEEP PEOPLE AWAY. foam. Large Fires: Water spray, fog or 11.  HAZARD CLASSIFICATIONS
Wear positive pressure breathing apparatus and special chemmcal foam.

e oaaia Call fire aepartment. 6.4 Fire Extinguishing Agents Not to be 1.1 Code of Federal Reguiations:
gmmnon down Usact Not : 12 N::'Hmdﬂ ting for Bulk Water
and use wllor spray to knock Vapor. 1 af lor

B e charces materal 6.5 Special Hazards of Combustion Tramaortation: Kot istad
Notity local heaith and poilution control agencies. Products: Contamn porsonous chionde
fumes. 11.3 NFPA Hazard Classification:
COMBUSTIBLE. . Category cmuﬂanon
POISONOUS GASES ARE PRODUCED IN FIRE. 8.6 Behavior in Fire: Bums and produces toxic Heatth Hazard (Blue)...
CONTAINERS MAY EXPLODE IN FIRE. and imtating gases. 2 -
Wear positve oreatng agparatus and speciai chemical 6.7 ignition Temperature: Data not availabie F :‘::‘ g
Fire Cormbat firas from safe distance or protected locanon. 68  Electrical Hazard: Data not avaiabie i Y (veliow)
Extingussn small firas with dry chemscal, carbon dioxde, water 6.9 Buming Rate: Data not available
spray of loam; large tires with water spray, fog or foam. 6.10 Adiabatic Flame Temperature:

Data not avaiable
(Continued)

CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY

7.1 Reactivity With Water: No reaction

VAPOR
INOUS. MAY BE FATAL | Al Al A THROUGH
POlSsCl)(ISU MAY 8E L IF INHALED OR ABSORBED Gl 72 Resctivity with Common Materisis: No

Inhalation can cause fiver and kidney damage. reaction
e e yee. 7.3 Stabllty During Transport: Stabie
If breathing has stopped, give artificial reapication. 7.4 Neutrniizing Agents tor Acids and
it brummg ts difficult, give oxygen. Caustics: Sodium bicarbonate
———————— 75 Potymerizatiors Not pertinent
Exposure Pons&rl«'?us MAY BE FATAL IF SWALLOWED OR ABSORBED THROUGH 7.8 Inhibitor of Polymertzation:
——— . !
Can cause severa skin and eye iritalion; may causa bums. Not pertinent
IF IN EYES OR ON SKIN, flush contaminatsd area with running 1.7 Molar Ratio {Reactant to
wam;ov at teast 15 mt:"\;n;l hoid uppér and lower Producty Data not availabie
open occasionally it appropriate. ;
Soeed in remaving material from skin is extremely important. 7.8 Reactivity Group: Data not available
lgmove and isolate contaminated clo and

shoes.
IF SWALLOWED and victim is UNCONSCI OR HAVING CONVULSIONS,
do except keep victim warm.

12 PHYSICAL AND CHEMICAL PROPERTIES

121 Physical State at 15°C and 1 atm:

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS. Uiguid

ay be dangerous if it enters water intakes. Molecuiar

Water Notty local heaith and wildife officials. 122 Welo T 128.58
Poilution Notfy operators of nearby water intakes. 123 Boking Polnt at 1 atm:

348.1°F = 174.5°C = 447.7°K
124 Freszing Point

: 48.7°F = 9.3°C = 282.5°K
1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION 125 Critical Temperature: Data not avaiable
(See ¢ 2.1 Category: Not listed 8.1 Aguatic Toxicity: 128  Critical Pressure: Data not available
Issue waming - poison; water contaminant 22 Class: Not pertinent 8.4 ppm/96hr/bluegil fingertings/TL o/ 127 Specific Gravity:
Restrict access fresh water (coid) 1.25 a1 25°C
Should be removed . 8.2 ppm/24he/biuegi! 128 LUquid Surface Tension:
Chemical and physical weatment sunfish/TL,,/tresh water (warm water) 40.3 dynes/cm = 0.040 N/m at 20°C
8.2 Waterfow! Toxicity: Data not available 129 Liquid Water Interfacial Tension:
8.3 Biological Oxygen Demand (BOD): Data not available
Data not availabie 1210 Vapor (Gas) Specific Gravity: 4.5
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 8.4 Food Chain Concentration Potentiak 1211 Rato of Specific Heats of Vapor (Gas)
3.1 CG Compatibility Class: Not kisted 4.1 Physical Stats (as shipped): Liquid Data not available Data not available
32 Formuia: CeHsCIO 4.2 Color: Coloriess 10 light amber 1212 Latent Hest of Vaporization:
2.3 IMO/UN Designation: 6.1/2021 4.3 Odor: Unpleasant, penetrating 144.8 Btu/lb = 80.4 cal/g
33 (MO/UN Designation: 2021 = 34 X 10° J/kg
35 CAS Registry No.: 95-57-8 1213 Hest of Combustion: Data not available
1214 Hest of Decompositiorz Not pertinent
12.15 Hest of Solution: Data not available
12.16 Heat of Polymerization: Not pertinent
12.25 Heat of Fusior: Data not available
5, HEALTH HAZARDS 9. SHIPPING INFORMATION 1228 Vaiue: Data not avaiable
5.1 Personal Protective Equipment: Weer positive pressure breathing apparatus and special 9.1 Grades of Purity: Data not availabie 12.27 Reid Vapor Pressurs: Data not available
chamical protective clothing. 9.2 ge T Data not
52 Poi may be fatal if inhaled, swallowed or absorbed 9.3 Inert Atmosphere: Not listed
mmunlmmqmumwwmwmmmnmmnm 9.4 Venting: Not listed
doses via oral, simiar
mnudbrumﬂnwmowwukmulmbymmm
dyspnea, coma and death.
$.3 Treatment of Exposure: INHALATION: Move victim to fresh air; call emergency medical care. If
not breathing, give artificial respiration. if breathing is difficult, give oxygen. EYES: Immediately
flush with running water for at ieast 15 minutes; hoid upper and lower eyeilids open occasionally.
SKIN: Immediatety flush skin with running water for at jeast 15 minutes. Speed in removing
material from skin is extremely important. Remove and isolate contaminated clothing and shoes
at the site. Keep victim quiet and maintain normal body temperature. INGESTION: if swallowed
and victim is i or having i do nothing except keep victim wam.
5.4 Threshold Limit Value: Data not available
§.5 Short Term Inhalstion Limits: Data 1ot available
86 Toxicity by Ingestion: Grade 2; LOse = 670 mg/kg (Mmouse; rat) 6. FIRE HAZARDS (Continued)
57  Late Toxicity: itp genic eflects and ve atfects. Rat toxicity studies 6.11 Stolchiometric Alr to Fuel Ratio: Data not available

showed marked injury to the kidneys, fatty infiitration of the iiver, and hemorrhages in the
intestines. inhalation can cause fiver and kidney damage.

5.8 Vapor (Gas) lirttant Characteristics: The vapors are inritating and tosic.

59 Liquid or Soiid irritant Characteristice: Strong irritant to tissue. Contact may cause burmns 10
skin and eyes.

5.10 Odor Threshold: 0.019 mg/m?

5,11 IDLH Velue: Data not available

8.12 Flame Tempersturs: Data not gvailable
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CRH

0-CHLOROPHENOL

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12,20
LIQUID VISCOSITY

British thermal

Temperature Pounds per cubic Temperature British thermal Temperature Al Temperature I
(degeees F) fo%t (degprges F) unit per pound-F (degeees F) ung;g:?epfggngur- (degprees 5 Centipoise
68 78.860 D D 70 3.806
70 78.780 A A 75 3.625
72 78.700 T T 80 3.444
74 78.620 A A 85 3.263
76 78.540 90 3.082
78 78.460 N N 95 2.901
80 78.380 o (o] 100 2.720
82 78.300 T T 105 2.539
84 78.220 110 2.359
86 78.140 A A
v Vv
A A
I |
L L
A A
B B
L L
E E

12,21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
68 2.850 75 0.042 20 0.00070

100 0.115 40 0.00343

125 0.252 60 0.00868

150 0.478 80 0.01675

175 0.821 100 0.02791

200 1.312 120 0.04234

225 1.984 140 0.06023

250 2.871

275 4.012

300 5.445

Mmro>»r—»<>X» —-0Z2 > —-4>»0
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.

OILS, MISCELLANEOUS:

TRANSFORMER

OTF

Common Synonyms Oty iquid Coloriess o ight Motor oik-ike odor & FIRE HAZARDS 16. HAZARD ASSESSMENT CODE
mn“-w“ 8.1 Flash Point 295°F O.C (See Hazard Assessment Handbook)
Petroleum nsulating o 6.2 Flammabile Limits in Air: A-T-U

Floats on water. Data not availabie
63 Fire Extinguishing Agents: Foam, dry
chemical, or carbon dioxide
Stop crscharge f posmble. 64  Fire Extinguishing Agents Not to be 1L HAZARD CLASSIFICATIONS
Proid [ rator may b | ) 111 Code of Federal Reguiations:
Avord contact with hquld .
lsolate and matenal, 6.5 Speciai Hazards ot Combustion Not &
Nonfyloculheulmmdpo“unoncmmw Products: Not pertinent fated
5.6 Benavior in Fire: Not pertinent 12 mmmlor_mwm
6.7 ignition T Data not Transportation: Not listedt
8.8  Electrical Hazard: Not pertinent 113 NFPA Hazard Classification:
Combustible.
6.9 Buming Rate: Data not avaiable
Extinguesh with foarm, dry chemical, carbon dioxide. 610 A Flame T
Water may et on fire. Data aiable
not avi
6.1 Stoichiometric Alr to Fuel Ratio:
Fire Data not available
¢6.12 Flame T Data not il
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
LU0+ skin and 7.1 Reactivity With Water: No reaction
.m'.T.‘E 72 Reactivity with Common Materisis: No
Remove contarmunated clo o saction
Flush affected areas with pienty of water. 7.3 Stability During Transport: Stadle
IF IN EYES, hold eyelids and flush with plenty of water.
IF SWALLOWED et s CONSCIOUS, have victm Gk water 74 Neutraitzing Agents for Acids and
Caustics: Not pertinent
[2,0] NOT INDUCE VOMITING. 7.5 Polymerizatior: Not pertinent
Exposure 7.6 inhibitor of Polymerization:
Not pertinent
7.7 Moiar Rstio (Reactant to
Product): Data not available
7.8 Reactivity Group: 33
12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physical State st 15°C and 1 atm:
thcl ol low concentrations on aquatic ife is unknown. Liquid
Water myhmnnmnmm 122 Weight: Not pertiner
Pollution Notity local health and wiidiffe officiais., 123 Bolling Point at 1 atm: Very high
Notily operators of nearty water intakes. 124 Freazing Point
—75°F = —59°C = 214K
125  Critical Temperature: Not pertinent
L. RESPONSE TO DISCHARGE 2. LABEL & WATER POLLUTION 128 Critical Pressurs: Not pertinent
(See Methods ) 2.1 Category: None 8.1 Aquatic Toxicity: Data not avadable 127  Specific Gravity:
Mechanical containment 22 Class: Not pertinent 8.2 Waterfowd Toxicity: Data not available 0.891 at 15°C (quid)
Shouid be removed 8.3 Biological Oxygen Demand (BOD}: 128 Uquid Surface Tension: Data not available
Chemical and physical treatment Data not available 129 Uquid Water Interfacial Tension:

3. CHEMICAL DESIGNATIONS

& OBSERVABLE CHARACTERISTICS

a1 Cac ility Class: 4.1 Physical State (as shippedk Liquid
Hydrocarbon Mixiures 42 Color: Coloriess to light brown

32 Formulm: Not appiicable 4.3 Odor: Like motor ol

33 IMO/UN Designation: 3.3/1270

34 DOT ID Na: 1270

3.5 CAS Registry No.: Data not available

LT}

Food Chain Concentration Potentiak
None

48 dynes/cm = 0.049 N/m at 25'C
1210 Vapor (Gas) Specific Gravity:

Not pertinent

1211 Ratio of Specific Heats of Vapor (Gssx
Not pertinent

1212 Latent Heat of Vaporization:
Not pertinent

12,13 Heat of ¢ Data not

12.14 Heat of Decomposition: Not pertinent
1215 Heat of Solstion: Not pertinent
1218 Heat of Polymerizationz Not pertinent
1225 Heat ot Fusion: Data not available

5. HEALTH HAZARDS

A

F gioves; goggies or tace shield.

<, y of bowel

of Nquid may imitate stomach and cause increased

&

it taken into lungs, delayed pulmonary iritation may ocowr.

Treatment of Exposure: INGESTION: do NOT induce vomiting. ASPIRATION: check for delayed

imitation by seria) X-rays. EYES: wash with copious amounts of water. SKIN: wipe off and wash

with 3080 and water.

Threshold Limit Velue: Data not eveisbie

Toxicity by ingestion: Grads 1; LDso = 5 i 15 g/kg

5.4
55 Short Term inhalation Limits: Data not availabie
58
L &

7 Late Toxicity: Data not avalable
S8 Vapor (Gas) Irritant Characteristics: Vapors cause a siight amarting of the syes or respiratory

system if present in high

&

The effect is temp

Liquid or Solid Irritant Characteristics: Minimum hazard. nwmmwmm

remain, May cause smarting and reddening of the skin.
5,10 Odor Threshold: Data not aveilsble
S.11 IDLH Vaiue: Data not availabie

9. SHIPPING INFORMATION
QGrades of Purity: Data not avaiable
9o T b
Inert Atmosphere: No requirement
Venting: Open (flame arrester)

1226 Limiting Vaiue: Data not available
1227 Reid Vapor Pressure: Data not avsilable

NOTES
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OTF

OILS, MISCELLANEOUS: TRANSFORMER

1217 12.18 12.19 12.20
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY
. British thermal unit British thermal
Temperature Pounds per cubic Temperature " Temperature ; . Temperature _—
(degeges [5) foot (estimate) (degrees F) p(ee's%?#ang)’: (degrees F) u“g;ﬂ;hemtg“' (degrees F) Centipoise
50 55.560 50 463 65 .790 100.42 10.250
52 55.560 52 463 70 .790
54 55.560 54 .463 75 .790
56 55.560 56 .463 80 .790
58 55.560 58 .463 85 .790
60 55.560 60 .463 90 .790
62 55.560 62 463 95 .790
64 55.560 64 .463 100 790
66 55.560 66 .463 105 .790
68 55.560 68 .463 110 790
70 55.560 70 463 115 .790
72 55.560 72 463 120 .790
74 55.560 74 .463 125 790
76 55.560 76 .463 130 .790 ,
78 55.560 78 .463 135 .790
80 55.560 80 463
82 55.560 82 463
84 55.560 84 .463
86 .463
88 .463
90 463
92 .463
94 463
96 463
98 463
100 .463

12.21 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit

(degrees F) pounds of water (degrees F) inch (estimate) (degrees F) foot (degrees F) per pound-F
| 70 .042 N N
N 75 .049 (o] [0}
S 80 .057 T T
o 85 .065
L 90 .076 P P
U 95 .087 E E
B 100 .100 R R
L 105 114 T T
15 110 A3 ! |

115 149 N N
120 170 E E
125 193 N N
130 .218 T T
135 247
140 .279
145 314
150 .352
155 .395
160 .443
165 .495
170 .552
175 615
180 .683
185 .758
190 841
195 ' .930




OILS, MISCELLANEOUS: MOTOR

OMT

Common Synonyme Olly fiquid Yelow-brovn Lube oil odor
Crankcase o

g ol
T o Floats on water.

Haqud.
Isolate and remove discharged matenal.
Notify jocal heaith and poilution control agencies.

a4

65

(X ]
8.7

6. FIRE HAZARDS

Flash Point: 275—600°F C.C.
Flammabile Umits in Al
Data not available
Fire Extinguishing Agents: Ory chermscal,
foam. or carbon dicoade
Fire Extinguishing Agents Not to be
Used: Water may be ineffective
Special Hazards of Combustion

18. HAZARD ASSESSMENT CODE
(See Hazard Assessment Handbook)

A-T-U

11.1 Code of Federal Reguiations:
112 NAS Hazard Rating for Buk Water

113 NFPA Hazard Classification:

1L HAZARD CLASSIFICATIONS

Not Ested

Trameportstion: Not ksted

Not ksted

e 6.8 Electrical Hazard: Not pertinent
Combustible. 6.9 Bumning Rate: 4 mm/min.
Extingwsh with dry chemecal, foam ar carbon dioxide.
Water may be neftective on fire. .10 Flame T
Cool exposed contauners with water. Data not avaiable
6.11 Stoichiometric Air 1o Fuel Ratic:
Fire Data not availabie
€.12 Flame T Data not
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
Liauio 7.1 Reactivity With Water: No reaction
Irvitating to skin and eyes. ‘ °
Hnm':fh‘.u?il ,w..m.d,'y 7.2 Reactivity with Common Materisis: No
gmewn':nmlwwmngm reaction
ush affected areas with pienty of water 73 Stability During Transport: Stable
IF IN EYES, Mmmwmmmoﬂnm.
iFSWALLOWEDwmnOONSC!ous have victim drink water 7.4 Neutrailring Agents for Acide and
Caustics: Not pertinent
DONOTINDUOEVOMITING. 75 Pok son: Not
Exposure 7.6 Inhibitor of Polymertzation:
Not pertinent
7.7 Moiar Ratio (Reactant to
Product) Data not available
7.8 Reactivity Group: 33
12
121
Eﬂmmwmmmﬁcmhm
ouling 10
Water May be dangerous if it enters water intakes. 122
Notify local heatth and wildlife officiais. 123
Pollution Not ) el bt
1. RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION :z
(See Methods | 2.1 Category: None 8.1 Aquatic Toxicity: Data not avadable 127
Mechanical containment 22 Class: Not pertinent 82 Waterfowl Toxicity: Data not avadeble
Should be removed 8.3 Biciogical Oxygen Demand (BODX 128
Chemical and physical treatment Data not available
2.4 Food Chain Concentration Potentiak
None 129

REER

3. CHEMICAL DESIGNATIONS

CQ Compatibility Class: Miscsilaneous
Hydrocarbon Midures

Formuia: Not applicable

IMO/UN Designation: 3.9/1270

DOT ID No 1270

CAS Registry No.: Data not available

4. OBSERVABLE CHARACTERISTICS

Physical State (as shipped): Liquid
Color: Yellow fluorescent

I A

1210

121

1212

121

1214

gr

8

510

S. HEALTH HAZARDS

P gogyuorile.sndd.

INGESTION: minimal
fraquency of bowel passage may occur. ASPIRATION: puimonary iritation is normally minimal
but may become more severe several hours after exposure.

Treatment of Exposure: INGESTION: do NOT lavage or induce vomiting. ASPIRATION:

ly not required: delayed of y irritation can be detected by

uﬂnlehm:—mytEYES wash with copious amounts of water. SKIN: wipe off oil and wash with
308p and water.

Threshold Limit Value: Data not available

Short Term inhaiation Limits: Data not available

Toxicity by Ingestion: Grade 1; LDso = 5 to 15 g/kg

Late Toxicity: Data not aveilable

Vapor (Gas) irritant Charecteristics: Vapors cause a siight smarting of the eyes or respinatory
system it present in high The effect is Y.

Uquid or Solid irritant Characteristics: Minimum hazard. |f spiled on clothing and aliowed 10
remain, may cause smarting ard reddening of the skin,

Odor Thresholt: Data not available

iDLH Value: Data not available

9. SHIPPING INFORMATION

9.1 Grades of Purity: Vanous viscosities
9.2 Storage Temperature: Ambient
9.3 Inert Atmosphere: NoO requirement
9.4 Venting: Open (flame amester)

1215
1218
1225

1227

‘mrwmm

PHYSICAL AND CHEMICAL PROPERTIES

Prrysical State at 15°C and 1 strrr
Liquid
Weight: Not
Boling Point st 1 atm: Very high
Freazing Point:
—20.9°F = —34.4°C = 238.8°K

Critical Pressure: Not pertinent
Specific Gravity:
0.84—0.96 at 15°C (liquid)
Liquid Surface Tension:
36-37.5 dynes/cm
= 0.036—0.0375 N/m at 20°C
Uicuiid Water imerfacial Tension:
3354 gynes/cm = 0.033—0.054 N/m

Rastio of Specific Heats of Vapor (Gask
Not perunent
Latent Hest of Vaparization:
Not pertnent
Hest of Combustion: —18,488 Btu/ib =
—10.270 cai/g = —429.98 X 10% J/kg
Heat of Decompositions Not pertinent
Heat of Solstion: Not pertinent
Heat of Polymertzation: Not pertinent
Heat of Fusiore Data not availabie
Limiting Value: Data not available
Reid Vapor Pressurs: Data not available
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OILS, MISCELLANEOUS: MOTOR

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

British thermal unit

British thermal

Temperature Pounds per cubic Temperature Temperature unit-inch per hour- Temperature I
(deg‘:ees (3] foot (esptimate) (degeeees F) p?;s%?nu;gf (degeees 3] squareF;eoot-F (degegres F) Centipoise
(estimate)
50 52.430 50 .460 35 .920 100.42 275.000
52 52.430 52 461 40 919
54 52.430 54 462 45 918
56 52.430 56 463 50 917
58 52.430 58 .464 55 916
60 52.430 60 .465 60 915
62 52.430 62 .466 65 914
64 52.430 64 467 70 913
66 52.430 66 468 75 912
68 52.430 68 469 80 9N
70 52.430 70 470 85 910
72 52.430 72 47 90 .909
74 52.430 74 472 95 .908
76 52.430 76 473 100 .907
78 52.430 78 474 105 .906
80 52.430 80 475 110 .905
82 52.430 82 476 115 .804
84 52.430 84 477 120 .903
86 A78
88 479
90 .480
92 .481
94 482
96 483
98 .484
100 485

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (estimate) (degrees F) foot (degrees F) per pound-F

| 70 .042 N N
N 75 .049 o} o
S 80 .057 T T
(o] 85 .065
L 90 .076 P P
U 95 .087 E E
B 100 100 R R
L 105 114 T T
E 110 431 | |

115 149 N N

120 170 E E

125 193 N N

130 .218 T T

135 .247

140 279

145 314

150 .352

155 .395

160 443

165 .495

170 .552

175 615

180 .683

185 .758

190 .841

185 .930

‘



OILS, MISCELLANEOUS: MINERAL
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Common Jynonyme Oty liquid Coloriess Odorless 6. FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
White ol o
Petrolatum 6.1 Flash Point 380°F O.C. (See Hazard Assessment Handbook)
Liqud 62 Flammabie Limits in Alr: A-T-U
Floats on water. Data not available
6.3 Fire Extinguishing Agents: Dry chemical,
foam, or carbon dioxide
Stop discharge f possile. 64  Fire Extinguishing Agents Not to be 11.  HAZARD CLASSIFICATIONS
Call fire department. Used: Water or foam may cause frothing. 111 Code of Federsi Reguiations:
Avoud contact with liqud. .1 of
Isolate and remove discharged matenal. 6.5  Seecial Hazards of Combustion Not listed
Notty iocal heaith and polution control agencies. Products: Not pertinent
6.6 Behavior in Fire: Not pertinent 112 NAS Hazard Rating va Water
6.7 Ignition Temperature: 500—700°F Transportation: Not listed
68 Electrical Hazard: Not pertinent 11.3 NFPA Hazard Classification:
Combustide. ) 69 Buming Rate: 4 mm/min. Category Classification
Extinguish with dry chemical, foam or carbon dioxide. 6.10 Flame T Heaith Hazard (BIUe)...........umn.e. 0
Water may be inaffective on fire. d aity (R T
Cool exposed contanen with water. Data not available :_‘ (Red)
Fire 811 Stoichiometric Alr 1o Fuet Ratio: y (Yellow) 0
Data not available
6.12 Flame T Data not
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
uauio 7.1 Reactivity With Water: No reaction
Irritating to skin and eyes.
Aemove contaminated clothing and shoes. 72 R _’ with Common Mat No
Flusn atacted areas with plenty of water. reaction
IF IN EYES, nold eyeids open and fiush with plenty ot water 7.3 Stabliity During Transport Stabie
IF S‘ngvkhkO.WED and victim is CONSCIOUS, have victim drink water 7.4 Neutralizing Agents for Acids and
DO NOT INDUCE VOMITING. Caustics: Not pertinent
75 Polymerization: Not pertinent
Exposure 7.6 Inhibitor of Polymerization:
Not pertinent
1.7 Molar Ratio (Reactant to
Product): Data not available
7.8 Reactivity Group: 33
12.  PHYSICAL AND CHEMICAL PROPERTIES
121  Physical State at 15°C and 1 atm:
Eﬁmolmmmmmﬁcmshmm. tiquid
‘ouling to shoreline. 5
Water May ba dangorous H it erters water intakes. 122 Molecular Weight: Not perinent
Pollution Notify local health anc wikdiite officials. 123 Boiiing Point at 1 atm: Very high
Notity operators of nearby water intakes. 124  Freezing Point Not pertinent
125  Critical Temperature: Not pertinent
128  Critical Pressure: Not pertinent
1. RESPONSE TO DISCHARGE 2 LABEL 8 WATER POLLUTION 127 Specific Gravity:
{Ses 2.1 Category: None 8.t Aquatic Toxicity: Data not available 0.822 at 20°C (liquid)
Mechanical containment 22 Class: Not pertinent 8.2 Waterfowt Toxicity: Data not available 128  Uiquid Surface Tension:
Should be removed 8.3 Biological Oxygen Demand (BOD) 27 dynes/cm = 0.027 N/m at 20°C

Chemical and physical treatment

3. CHEMICAL DESIGNATIONS

4. OBSERVABLE CHARACTERISTICS

3.1 CG Compatibliity Class: Miscellaneous 4.1 Physicsl State (as shipped): Liquid
Hydrocarbon Mixtures 42 Color: Coloriess

32 Formula: Not applicable 4.3 Odor: Very faint

3.3 IMO/UN Designation: 3.3/1270

3.4 DOT ID No: 1270

&

CAS Regiatry No. Data not avaitable

84

Data not available
Food Chain Concentration Potentiak
None

b o S S 4 4 4

5. HEALTH HAZARDS
Prot ggles or face shieid.

Threshold Limit Value: 5 mg/m? (mist)

Short Term inhalation Limits: Not pertinant
Toxicity by Ingestion: Grade 1; LDso = 510 15 g/kg

Late Toxicity: None
Vapor (Qas) Irritant Characteristics: None

Liquid or Solid irritant Characteristics: None

5.10 Odor Threshoid: Not pertinent

s1

IDLH Vaiue: Data not available

Y F 9 of liquid can cause very loose bowel movements.
Treatment of Exposure: EYES: wash with water.

9. SHIPPING INFORMATION
Grades of Purity: Commercial; refined

ge I
Inert Atmosphere: No requirement
Yenting: Open (flame arester)

129 Liquid Water interfacial Tension:
47 dynes/cm = 0.047 N/m at 70°C
1210  Vapor (Gas) Specific Gravity:

Not pertinent

1211 Ratio of Specific Heats of Vapor (Gas):
Not pertinent

1212 Latent Heet of Vaporization:
Not pertinent

12,13 Heatof Data not

12.16 Heat of Polymerization: Not pertinent
1225 Heat of Fusion: Data not availabie
1226 Limiting Velue: Data not available
1227 Reid Vapor Pressure: Data not available

NOTES

JANUARY 1991
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OILS, MISCELLANEOUS: MINERAL

12.17 )
SATURATED LIGUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

1220
LIQUID VISCOSITY

. - British thermat
mperature Pounds per cubic Temperature British thermal unit Temperature o Temperature A
T(lcejeg;n,:eas F) foot (egt?mate) (degr':ees F) per pound-F (deg‘:ees F) ung-mch per hour- (degpreees ) Centipoise
quare foot-F
50 51.190 65 .487 65 .907 100.42 38.000
52 51.190 70 .487 70 .905
54 51.180 75 487 75 .903
56 51.190 80 .487 80 .901
58 51.190 85 .487 85 .898
60 51.190 90 .487 90 .896
62 51.190 95 .487 95 894
64 51.190 100 .487 100 .892
66 51.190 105 .487 105 .889
68 51.190 110 487 110 .887
70 51.190 115 487 115 .885
72 51.190 120 .487 120 .883
74 51.190 125 487 125 .880
76 51.190 130 487 130 .878
78 51.190 135 487 135 .876
80 51.190 140 .487 140 874
82 51.190 145 487 145 871
84 51.190 150 487 150 .869
155 487 155 .867
160 487 160 865
165 487 165 .862
170 487 170 .860
175 487 175 .858
180 487 180 .856
185 .487 185 .853
190 .487

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (estimate) (degrees F) foot (degrees F) per pound-F

i 70 .042 N N
N 75 049 0 0
S 80 .057 T T
o] 85 .065
L 90 .076 P P
U 95 .087 E E
B 100 .100 R R
L 108 114 T T
E 110 31 | [

15 149 N N

120 170 E £

125 .193 N N

130 218 T T

135 247

140 279

145 314

150 .352

155 .395

160 443

165 .495

170 .552

175 615

180 .683

185 .758

190 841

195 .930
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4.0 SITE CONTROL

4.1 ZONATION. The general =zonation protocols that should be employed at
hazardous waste sites are described in Appendix G. The site-specific zonation
that will be used for activities during this project are described as follows:

. geophysical survey, a non-invasive activity that will not require
zonation control;

. drilling and well installation, an exclusion zone will be clearly defined
as a taped-off area and a contamination reduction zone (CRZ) and support
zone will be established;

. test pit excavation, an exclusion zone will be defined as the area within
10 feet of the backhoe, test pit, and spoils pile; and

. TerraProbe™, groundwater, and surface water and sediment sampling will
not require zonation.

4.2 COMMUNICATIONS. The field office will be equipped with a radio communica-
tions base station and a telephone. All field teams will be provided with a
mobile hand-held radio to facilitate onsite communications. In addition, a
portable mobile cellular telephone will be available in at least one onsite field
vehicle. When radio communication is not used, the following air horn signals
will be employed:

HELP three short blasts . . .)
EVACUATION three long blasts «C_ )
ALL CLEAR alternating long and « _ . _ D

short blasts

4.3 WORK PRACTICES. General work practices to be used during ABB-ES projects
are described in Appendix H. Specific work practices necessary for this project
or those that are of significant concern are described as follows.

. Both onsite and offsite activities will take place in an active
industrial area. Care will be taken to clear utilities, avoid overhead
lines, and set up safety cones or barriers when working in heavily
traveled lanes.

. The drilling contractor will have documented safety and emergency action
procedures for the equipment to be operated. The drilling contractor’s
employees will acknowledge in writing that they have read and understand
these procedures.

. The drilling contractor will ensure that the equipment is well
maintained, meets safety requirements, is inspected daily during use,
and has all required safety equipment, i.e., 20-pound A:B:C fire

NTC_Ort.HSP
MVL.07.94 4-1
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extinguisher, emergency stops, etc. Boring tools will be in good
condition and will be adequate for the work to be performed.

The drilling rig will be operated by a qualified operator who can
identify pending failures and supervise the driller’s helper(s).
Transportation of the drill rig to the work site will be performed by
a person with the proper commercial license.

To the extent possible, the terrain should be level and the condition
of the ground such that unexpected movement of the drill rig is unlikely.
If the slope of the terrain is hazardous, the project manager or
technical lead and the Navy will be contacted for the selection of a safe
drilling site.

ABB-ES personnel and subcontractors will comply with the State, local,
and installation motor vehicle laws and regulations. Special circum-
stances such as current and anticipated hazardous road conditions will
be addressed at safety briefings.

4-2



Chapter No.__5 Revision No.__ 0

(R —

Date July 13, 1994, Page 1 of 1

5.0 DECONTAMINATION AND DISPOSAL

All personnel and/or equipment leaving contaminated areas of the POI will be
subject to decontamination, which will take place in the Contamination Reduction
Zone (CRZ). General personnel and equipment decontamination practices used during
ABB-ES projects are described in Appendix L, and detailed equipment decontamina-
tion procedures are addressed in Volume I, Section 4.3 of this document.

5.1 PERSONNEL DECONTAMINATION. All personnel will follow standard decontami-
nation practices when leaving hazardous waste POI, including proper decon-
tamination, and removal and disposal of personal protective equipment and tools.
Personal protection levels for decontamination will correspond with the level of
protection used during the field activity.

5.2 SMALL EQUIPMENT DECONTAMINATION. Small equipment will be protected from
contamination as much as possible by keeping the equipment covered when at the
site and placing the equipment on plastic sheeting, not the ground. Sampling
equipment used at the site will be used only once or will be field cleaned between
sampling.

5.3 HEAVY EQUIPMENT DECONTAMINATION. Drilling rigs and other heavy equipment
will be cleaned with high-pressure water or steam, followed by a soap and water
wash and rinse. Loose material will be removed with a brush. Downhole tools and
heavy equipment will be decontaminated in accordance with Volume I, Section 4.3
of this document.

A decontamination pit will be constructed downwind of the POI to allow collection
of decontamination fluids.

5.4 DISPOSAL OF CONTAMINATED MATERIALS. Investigation derived wastes will be
collected, screened, and stored or disposed. In general, discarded materials,
waste materials, or other objects will be handled in such a way as to preclude
the potential for spreading contamination, creating a sanitary hazard, or causing
litter to be left onsite. Potentially contaminated materials, e.g., clothing,
gloves, etc., will be bagged or drummed as necessary and segregated for disposal.
If radioactive waste or contamination is encountered in the contaminated
materials, the wastes generated from work activities will be handled as low-level
radioactive waste unless proven otherwise. Contaminated waste materials will be
disposed as required by provisions included in the contract and consistent with
NTC, Orlando and regulatory provisions. All non-contaminated materials will be
collected and bagged for appropriate disposal as normal domestic waste.

Further details can be found in Volume I, Section 4.10 of this document.

NTC_Orl.HSP
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6.0 EMERGENCY AND CONTINGENCY PLAN

This chapter identifies emergency and contingency planning that has been
undertaken for operations at this site. Most sections of the HASP provide
information that would be used under emergency conditions. General emergency
planning information is addressed in Appendix M. The following sections present
site-specific emergency and contingency planning information.

6.1 PERSONNEL ROLES, LINES OF AUTHORITY, AND COMMUNICATION. The site HSO is the
primary authority for directing operations at the site under emergency conditions.
All communications both onsite and offsite will be directed through the HSO.

6.2 EVACUATION. At NTC, Orlando, severe hazard conditions are not anticipated.
However, in the event that abnormal levels of toxic gases are encountered, the
following evacuation measures have been established.

In the event of an emergency situation such as fire, explosion, significant
release of toxic gases, etc., an air horn or other appropriate device will be
sounded for three long blasts indicating the initiation of evacuation procedures.
All personnel will evacuate the work area. The location of safe areas will be
upwind of the POI. For efficient and safe site evacuation and assessment of the
emergency situation, the HSO will have authority to initiate proper action if
outside services are required. Under no circumstances will incoming personnel
or visitors be allowed to proceed into the area once the emergency signal has been
given. The HSO must see that access for emergency equipment is provided and that
all combustible apparatus have been shut down once the alarm has been sounded.
Once the safety of all personnel is established, the proper NTC, Orlando officials
will be notified by telephone of the emergency.

The HSO will notify local fire and police departments, and other appropriate
emergency responders, if LEL values are above established action levels in the
work zone, or if an actual fire or explosion has taken place.

6.3 EMERGENCY MEDICAL TREATMENT AND FIRST AID. Any personnel injured onsite will
be rendered first aid as appropriate and transported to competent medical
facilities for further examination and/or treatment. The preferred method of
transport is through professional emergency transportation means; however, when
this is not readily available or would result in excessive delay, other transport
will be authorized. Under no circumstances will injured persons transport
themselves to a medical facility for emergency treatment.

When an injury occurs in the exclusion zone, provisions for decontamination of
the victim will be made. However, life-threatening conditions may preclude normal
decontamination procedures. 1In such cases, arrangements will be made with the
medical facility and transporter to provide for the situation.

NTC_Orl.HSP
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The following is a list of personnel who will be onsite and trained to render
first aid and CPR:

Team Member Responsibility Training
FOL Manage daily site operations CPR and First Aid
Task Leader Health and Safety Officer CPR and First Aid
NTC_Orl.HSP

MVL.07.94 6-2
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7.0 OTHER

7.1 TILLUMINATION. Site operations will not be permitted without adequate
lighting. Therefore, unless provisions are made for artificial light meeting the
5-foot candle requirement of 29 CFR 1910.120, operations must halt in time to
permit personnel and equipment to exit the Exclusion Zone and proceed through
decontamination during adequate daylight. Conversely, operations will not be
permitted to begin until adequate lighting is present.

7.2 EXCAVATION. Site excavations created during site operations will be shored
or sloped to prevent accidental collapse and otherwise conducted in accordance
with Subpart P of 29 CFR 1926, as summarized in Appendix J. Under no circum-
stances will site personnel enter excavations that are not adequately shored or
sloped. Where entry into an excavation does occur and it would even remotely be
considered a confined space, such an entry will be made in accordance with the
confined space entry program addressed in Section 7.3 and under provision of
Appendix I.

7.3 CONFINED SPACE ENTRY. Confined space entry presents special problems and
substantial risks to personnel that would be involved directly in the entry and
those that might be called on to attempt a rescue of the initial entrants.
Therefore, entry into a confined space is a MEANS OF LAST RESORT, and will only
be permitted where no other mechanism is feasible to achieve the desired goal.
If confined space entry is required, entry will be conducted under provisions of
Appendix I.

NTC_Orl.HSP
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8.0 ADMINISTRATION

8.1 PERSONNEL AUTHORIZED DOWNRANGE. Personnel authorized to participate in
exclusion zone activities at NTC, Orlando have been reviewed and certified for
site operations by the TOM and the HSM. Certification involves the completion
of appropriate training, a medical examination, and a review of this site-specific
HASP. All persons entering the site must use the buddy system and check in with
the Site Manager and/or HSO before going into the exclusion zone.

8.2 HEALTH AND SAFETY PLAN (HASP) APPROVALS. By their signatures, the
undersigned certify that this HASP will be used for the protection of the health
and safety of all persons entering this site.

James Manning Date
Task Order Manager

Cynthia Sundquist Date
ABB-ES Health and Safety Manager

NTC_Orl.HSP
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8.3 FIELD TEAM REVIEW

I have read and reviewed the health and safety information in the HASP. I
understand the information and will comply with the requirements of the HASP.

Name Date Name Date

NTC_Orl.HSP
MVL.07.94 8-2
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8.4 MEDICAL DATA SHEET. This Medical Data Sheet will be completed by all onsite
personnel and will be kept in the Support Zone during site operations. It is not
a substitute for the Medical Surveillance Program requirements consistent with
the ABB-ES Corporate Health and Safety Program for Hazardous Waste Sites. This
data sheet will accompany any personnel when medical assistance or transport to
hospital facilities is required. If more space is required, use the back of this
sheet.

Project: NTC, Orlando

Name :

Address:

Home Telephone: Area Code ( )

Age: __ Height: Weight:

In case of emergency, contact:

Address:

Telephone: Area Code ( )

Do you wear contact lenses? Yes ( ) No ( )

Allergies:

List medication(s) taken regularly:

Particular sensitivities:

Previous/current medical conditions or exposures to hazardous chemicals:

Name of Personal Physician:

Telephone: Area Code ( )

NTC_Orl.HSP
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8.5 EMERGENCY TELEPHONE NUMBERS

NTC_Orl.HSP
MVL.07.94

Orlando Police Department

Main Base Police Emergency

Rescue Service

Main Base Naval Hospital

Primary Hospital
Main Base (Winter Park Memorial Hospital
Area "C" (Florida Hospital
Herndon Annex (Orlando General Hospital
McCoy Annex (Orlando Regional Medical Center)

Alternate Hospital
Main Base and Herndon Annex (Florida Hospital)
Area "C" (Winter Park Memorial Hospital)
McCoy Annex

Fire Department
Main Base
General

Offsite Emergency Services

Poison Control Center

National Response Center

Regional USEPA Emergency Response

NTC, Orlando Officer of the Day

Site HSO: To be determined

Site FOL: Gerry Girardot

Task Order Manager: James Manning

Project HSS: To be determined

ABB-ES HSM: C.E. Sundquist

8-4

(407)

(407)

(407)
(407)
(407)

(407)

(407)

(407)

(407)

(800)
(800)
(904)

(407)

(904)
(904)

¢

911

646-4444

911

646-4911

646-7320

897-1940

275-5150

841-5111

897-1940

646-7320

None

646-4333

911

911

962-1253

424-8802

488-1554

646-4501

269-7012

269-7012

(207) 775-5401 %3309
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8.6 ROUTES TO EMERGENCY MEDICAL FACILITIES In the event of a life-threatening
situation, the Naval Hospital on the Main Base will provide care. For less
critical situations, or if medical assistance is required at other than the Main
Base, the following sources of medical assistance apply. The NTC, Orlando Officer
of the Day must be informed of any incident or accident that requires medical
attention as soon as possible.

The primary source of medical assistance for Main Base is:

Facility Name: Winter Park Memorial Hospital

Address: 200 Lakemont Avenue, Winter Park, FL

Telephone Number: (407) 646-7000; Emergency (407) 646-7320

Directions to primary source of medical assistance from Main Base (Figure 8-1):

From project site leave Main Base going north through the North Gate.
Continue north on Lakemont Avenue for about 1.7 miles. The hospital is on
the right between the intersections of Mizell Avenue and Aloma Avenue.

The primary source of medical assistance for Area "C" is:

Facility Name: Florida Hospital

Address: 601 E. Rollins Street, Orlando, FL

Telephone Number: (407) 896-6611; Emergency (407) 897-1940

Directions to primary source of medical assistance from Area "G" (Figure 8-1):

From project site leave Area "C" and turn right onto Maguire. Continue to
Colonial Drive (SR 50). Turn right (west) and continue to Mills Avenue
(Highway 17/92). Turn right (north) to Rollins Street. The Florida Hospital
is on the left (west) side of Mills Avenue, at the intersection with Rollins
Street.

The primary source of medical assistance for Herndon Annex is:

Facility Name: Orlando General Hospital

Address: 7727 Lake Underhill Road, Orlando, FL

Telephone Number: (407 277-8110; Emergency (407) 275-5150

Directions to primary source of medical assistance from Herndon Annex (Figure
8-1):

From project site leave Herndon Annex going east on Kalmia to Semoran
Boulevard. Take a right (south) at Semoran Boulevard. Continue to the Lake
Underhill Road intersection and turn left (east, just past the East-West
Expressway overpass). Continue for about 1.8 miles to the hospital on the

NTC_Orl.HSP
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left, which is between the intersections of Goldenrod Road and Chickasaw
Trail.

The primary source of medical assistance for McCoy Annex is:

Facility Name: Orlando Regional Medical Center

Address: 1414 Kuhl Avenue., Orlando, FL

Telephone Number: (407) 841-5111: Emergency (407) 841-5111

Directions to primary source of medical assistance from McCoy Annex (Figure 8-2):

From project site leave McCoy Annex through the north Daetwyler Drive
entrance. Turn left (west) on the frontage road (McCoyv Road) along the Bee-
Line Expressway and continue to the South Orange Avenue intersection. Turn
right (north) and continue for about 5.4 miles to the hospital on the left,
which is between the side roads of Sturtevant and Underwood Streets. Kuhl
Avenue is behind the hospital.

Alternate source of medical assistance for Main Base and Herndon Annex is:

Facility Name: Florida Hospital

Address: 601 E. Rollins Street, Orlando, FL

Telephone Number: (407) 896-6611: Emergency (407) 897-1940

Directions to alternate source of medical assistance from Main Base (Figure 8-3):

From project site leave Main Base through the Maguire Gate,. Continue on
Maguire Boulevard to the Colonial Drive (SR 50) intersection. Turn right
(west) and continue to the Mills Avenue intersection. Turn right (north) and
continue about 1.4 miles to Rollins Street. The hospital is on the left

(west) .

Directions to alternate source of medical assistance from Herndon Annex (Figure
8-3):

From project site leave Herndon Annex going east on Kalmia. Take a left
(north) onto Semoran Boulevard (SR 436) and continue to the Colonial Drive
(SR 50) intersection. Turn left (west) and continue to the Mills Avenue
intersection. Turn right (north) and continue about 1.4 miles to Rollins
Street. The hospital is on the left (west).

The alternate source of medical assistance for Area "C" is:

Facility Name: Winter park Memorial Hospital

Address: 200 Lakemont Avenue, Winter Park, FL

Telephone Number: (407) 646-7000; Emergency (407) 646-7320

NTC_Orl.HSP
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Directions to alternate source of medical assistance from Area "C" (Figure A-3):

From project site leave Area C and turn right onto Maguire. Continue to the
Colonial drive (SR 50) intersection. Turn left (east) and continue until the
Bennet Road intersection. Turn left (north) and continue until Corrine Drive
and turn left (west). Continue on Corrine Drive and turn right (east) at
Glenridge Way. Follow Glenridge and turn left (north) at Lakemont Avenue.
Continue north on Lakemont Avenue for about 1.7 miles. The hospital is on
the right between the intersections of Mizell Avenue and Aloma Avenue,

There is no alternate source of medical assistance for McCoy Annex within 10
miles.

NTC_Or.HSP
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