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QUALITY ASSURANCE PROJECT PLAN (QAPP)
QUALITY ASSURANCE/QUALITY CONTROL PLAN (QA/QC)
ALAMEDA NAVAL AIR STATION
ALAMEDA, CALIFORNIA

1.0 PROJECT DESCRIPTION

The Work Plan for the Remedial Investigation/Feasibility Study (RI/FS) at
NAS Alameda consists of the following planning documents:

Volume 1 Sampling Plan

Volume 1A Sampling Plan - SWAT Proposal Addendum

Volume 1B Air Sampling Plan

Volume 2 Health and Safety Plan

Volume 3 Quality Assurance Project Plan - Quality Assurance/Quality
Contral Plan

Volume 4 Community Relations Plan

Volume 5 Project Management Plan/Schedule

Volume 6 Data Management Plan

Volume 7 Public Health and Environmental Evaluation Plan
Volume 8 Feasibility Plan

1.1 Introduction

The purpose of the Quality Assurance Project Plan (QAPP) - Quality
Assurance/Quality Control Plan (QA/QC) for the remedial investigation of
the Alameda Naval Air Station (Alameda NAS) in Alameda County, California
(herein referred to as the QAPP) is to indicate the prime responsibilities
and prescribe the necessary procedures required to assure that the project
is executed in a manner consistent with the National 0il and Hazardous
Substance Contingency Plan, Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), 1980 as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA), applicable U.S.
Environmental Protection Agency (U.S. EPA) guidance documents, and with
generally accepted and approved quality assurance objectives, and that data
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generated in the remedial investigation and feasibility study (RI/FS) is
precise, accurate, representative, comparable, and complete so that a final

decision on appropriate remedial action measures will be made on an
informed and Togical basis.

This QAPP provides guidance and specifications to assure that:

1. All field determinations and analytical results regarding sampling
and analysis are valid through the implementation of preventive
maintenance, equipment calibration, and approved analytical
protocols;

2. Sampling is conducted using sample tracking systems and chain-of-
custody procedures which properly identify samples being collected
and control those samples from field collection through analysis
and data reduction;

3. Records are produced and retained as documentary evidence of the
quality of samples collected and analyzed, the validity of applied
procedures, and the completeness of the remedial investigation in
relation to the approved scope of the project;

4. Generated data is validated and appropriately used in
calculations;

5. Cé]culations, evaluations, and decisions completed or deduced
during the execution of the RI/FS plan are accurate, appropriate,
and consistent with the objectives of this Plan and the Alameda
Naval Air Station Remedial Investigation and Feasibility Study
Work Plan (Alameda RI/FS).
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The requirements of this QAPP are applicable to the activities of all
participants in the RI/FS process at the Alameda NAS in Alameda County,
California. This QAPP will address all anticipated activities necessary to
execute the Alameda RI/FS and include sampling and analysis of
environmental media, well installation, ground water monitoring, air
monitoring, and surveying.

1.2 Project Summary: Alameda Naval Air Station

1.2.1 Project Location

The Alameda NAS accupies the western tip of the Island of Alameda and is
located in Alameda County, California. Alameda Island is found along the
eastern side of San Francisco Bay as shown on the General Location Map,
presented as Figure 1-1 of the Site Investigation Work Plan. Alameda NAS
occupies approximately 2,634 acres, with approximately 2,479 acres of the
base owned by the government, and the remaining 155 acres leased from
others. Approximately 1,526 acres of the air station are above water, and
the remaining 1,108 acres are submerged.

The station is rectangular is shape, approximately two miles in length and
one mile in width. The station is essentially flat, with typical relief
ranging from 10 to 15 feet above sea level. Much of the dry land portion
of the station, including all of the western portion of the station, is
constructed on reclaimed marshes or open water areas which have been filled
with dredge spoils. A substantial portion of the fill used in the
reclamatton of this western area resulted from dredging of San Francisco
Bay and the so-called Oakland Estuary, which separates the island from the
mainland just to the north (Wahler, 1985).
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2.2 P t Objectiv

The objectives of the Alameda RI/FS are to conduct a remedial investigation
(RI) which will:

1. Define the sources, nature, extent, and distribution of chemical
constituents at the sites;

2. Determine and quantify potential exposure pathways;

3. Assess the risk which the chemical constituents at the sites may
have to public health and the environment;

4. Gather all necessary data to determine the feasibility of
potential remedial actions;

5. Provide sufficient information to select a remedy and design the
selected remedial responses.

The objectives of the Alameda RI/FS also include the completion of a
feasibility study (FS) which will:

1. Review the applicability of various remedial technologies,
including appropriate innovative technologies, to determine
whether the technologies are appropriate remedies for the Alameda
NAS sites;

2. Determine if each alternative, developed by combining
technologies, is effective, by evaluating in the short and long

term whether it:

o Protects human health and the environment;
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0 Meets and/or exceeds applicable or relevant and appropriate
- federal and state standards, requirements, criteria, and
limitations (ARARs);

-
0 To the extent required by Section 121 of CERCLA, results in
- permanent and significant reduction of toxicity, mobility, or
volume of chemical constituents;
- o Contains the best combination of complimentary technologies
to meet the remedial objectives;
-
3. Assess the implementability of each alternative in terms of:
-
o Technical feasibility (short and long term);
- 0 Administrative and institutional feasibility;
[ o Availability of materials and equipment;
- 4. Assess costs of each alternative in terms of:
- 0 Short-term capital costs;
o Long-term operations and maintenance costs;
-
o Long-term replacement costs;
-
o Present value;
-
o0 Cost effectiveness;
- 5. Provide direction to the RI to ensure that sufficient data of the
appropriate type is gathered to select a remedy based on the
> factors mentioned in the objectives listed above.
-
-
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1.2.3 Major Task Summary

Implementation of the RI/FS work plan will involve numerous field
activities related to investigation of existing data and gathering of new
data from the field, analysis of samples to determine chemical species
present and the concentration of chemicals, evaluation of data to determine
the hydrogeologic setting of the Alameda NAS, the nature and extent of
chemical constituent sources and the migration of the chemicals from the
sources into soil, water, and air, the preparation of a report detailing
the conclusions of the RI and the basis upon which the conclusions are
justified, and the evaluation and selection of appropriate remedial
alternatives to meet the objectives of the RI/FS program.

Major activities, to be undertaken during the course of the RI/FS program,
which will be covered by this QAPP include the following:

1. Sample collection, storage, shipment, and control;

2. Design and installation of monitoring wells to assess the vertical
and horizontal extent of chemical constituent plumes;

3. Geophysical surveys to determine whether chemical constituent
sources may be present in the subsurface in the form of buried
drums or tanks, and to assess the nature and extent of sanitary
leach fields;

4. Surveying of site features, including the location and elevation
of sail samples, ground water monitoring wells, surface water and
sediment sampling locations, air monitoring locations, topographic
and piezometric contours, and the position of any waste sources;
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Data management activities related to the entry, storage,
analysis, and presentation of measurements, chemical analyses, and
similar data which will be used to determine the nature and extent
of the chemical constituents, and the appropriate alternative
technologies to be implemented.
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

2.1 Organization

Canonie Environmental Services Corp. (Canonie) operates under a matrix
structure in which personnel belong to managerial departments and, at the
same time, are assigned to special task forces. Managerial departments are
responsible for the development of personnel in scientific training and for
the review of work. Project Task Forces are responsible for the completion
of specific, project-related objectives.

This QAPP addresses the project organization with respect to the activities
to be performed during the RI/FS. Quality assurance and control activities
must occur at all levels of the organization. The activities of the QAPP
Team for the RI/FS project must remain independent of the activities of the
Task Force in order to assure that procedures and protocols outlined in the
RI/FS Work Plan are carried out.

The proposed Project Management Team of the Task Force for the
implementation of the RI/FS Work Plan and the lines of communication
between various key individuals are shown in Figure 1. The California
Department of Health Services (DHS) will be notified of any changes in the
project management team within two weeks of such change. The
responsibilities of the Canonie task force and related managerial
departments-are summarized below.

o The Project Manager is responsible for maintaining a clear definition
of and adherence to the scope, schedule, and budget of the project.
As a part of this responsibility, he will serve as the on-site
communication 1ink with the NavFac Project Officer, and support
community relations efforts, provide immediate direction to staff,
supervise all work by subcontractors, and maintain budgetary and
schedule surveillance of the work.
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o The Technical Project Director is responsible for the staffing and
overall administration of the project. As part of his QA/QC
responsibilities, he will indicate QA/QC records to be retained,
provide for QA/QC audits of the work of task force members, approve
information released to the NavFac Project Officer, and approve task
plans and operating procedures.

0 The Project Engineer is responsible for the implementation of RI/FS
field activities, initial data acquisition, health and safety aspects
of field activities, and for the proper selection and execution of
procedures which have been accepted for use in the RI/FS program.

@ The Task Leaders within the project task force are responsible for
specific engineering, scientific, and analytical operations required
to accomplish identified project objectives.

The Quality Review Team reports directly to the corporate officer in
charge. The team is responsible for on-going surveillance of project
activities to ensure conformance to this plan and to evaluate the
effectiveness of its requirements. As part of this responsibility, the
team will monitor the correction of quality control problems, report to the
corporate officer in charge concerning the quality of the services provided
in relation to the stated objectives of the project, recommend changes,
where appropriate, to improve the effectiveness of project procedures, and,
review proposed additions and/or changes to this plan.

The Quality Review Team is directed by the Quality Assurance Coordinator,
who is responsible far evaluating and approving this plan; scheduling and
conducting QA/QC audits; providing QA/QC reports, and developing and
initiating preventative and corrective actions.
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Canonie’s environmental laboratory will provide analytical services to the
project. The laboratory is approved by the DHS with a reciprocal approval
by the U.S. EPA to perform a variety of inorganic and organic analytical
services. The laboratory will also be responsible for the performance of
all services related to the analysis of air monitoring samples, although
actual analysis of samples will be performed by DHS certified and approved
laboratories if discrete air monitoring is required.
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3.0 QUALITY ASSURANCE OBJECTIVES

3.1 General

The quality of measurements made and data acquired during the RI/FS process
will be determined by the following characteristics: accuracy, precision,
representativeness, completeness, and comparability. Specific objectives
for each characteristic are established to develop sampling protocols and
identify applicable documentation, sample handling procedures, and
measurement system procedures. These objectives are established based on
site conditions, objectives of the project, and knowledge of available
measurement systems. The subsequent use of these measurements in
calculations and evaluations is also subject to aspects of this plan as
described in the following sections.

Canonie will collect all samples and direct all field measurements in
completing the work presented in the RI/FS Work Plan. Sample collection
and field handling will be in accordance with the sampling and sample
handling protocols established in this plan. All samples will be analyzed
through Canonie’s environmental laboratory, located at 212 Frank West
Circle, Suite A, in Stockton, California. Analytical laboratory QA/QC
information is specified for all anticipated analyses in Section 9. Recent
analysis of EPA Quality Control check samples, containing the parameters of
interest to this project using reagent grade water as the sample matrix and
completed by Canonie’s laboratory, are presented in Appendix A. The
quality assurance program developed for and utilized at Canonie’s
laboratory is presented in Appendix B.
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3.2 Representativeness

Measurements will be made so that analytical results are as representative
of the actual field conditions as possible. Sampling protocols will be
utilized to assure that samples collected are representative of the media
present in the field. Sample handling protocols, including such tasks as
storage, transportation, and preservation, will be used to protect the
representativeness of the samples gathered during the project. Proper
documentation in the field and the laboratory will establish that protocols
have been followed, and that sample identification as well as integrity
have been preserved.

The Sampling Plan, presented in the RI/FS Work Plan, describes the samples
which are currently planned for collection, the location of the sampling
stations, the types of samples to be collected, and the types and number of
analyses to be performed on the samples. The execution of the Sampling
Plan should result in the collection of sufficient samples to determine the
nature and extent of chemical constituents in the environment, to describe
the hydrogeologic setting controlling the migration of chemical
constituents through the soil and ground water, and to evaluate the
technologies available for implementation during the remedial action.

3.3 Precision and Accuracy

Precision is the characteristic which reflects the ability to replicate a
previously obtained value using identical testing procedures, while
accuracy is the characteristic which reflects the ability to obtain a value
which equals, or approaches within certain predetermined limits, the true
value of a certain phenomenon. Each of these two characteristics are
addressed in all data gathering and reporting conducted by Canonie. Data
quality objectives for precision and accuracy are established for each
major parameter to be measured during the project. These objectives are
based upon prior experience in executing RIs or remedial activities for
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wastes similar to those present or anticipated at this site, on prior
knowledge of the capabilities of the measurement system to be employed
during activity at the site, and on the limitations which are presented in
execution of the task. The precision and accuracy requirements for certain
data gathering and reporting activities may vary based upon the anticipated
use of the information. For example, the precision and accuracy
requirements of data gathered during surveying to locate ground water
monitoring wells will not be as strict as the requirements imposed on
analytical data, which is used to establish whether impacted soils or
ground water will require remediation.

In general, the precision and accuracy requirements for the RI/FS program
will be met by assuring that at least ten percent of the samples gathered
for analytical evaluation in each matrix type (i.e., soil, water, etc.)
during each sampling episode are duplicates, so that field precision may be
evaluated. Since standard sampling procedures are stipulated for all
sampling episodes, no additional duplicates are required due to changes in
sampling team composition. In the laboratory, ten percent of the samples
of each matrix will be analyzed as replicates to evaluate laboratory
precision. Duplicate and replicate samples will be chosen at random, unless
the criticalness of the sampling would suggest duplicate sampling or
replicate sampling to be appropriate. Section 6.0 of Appendix B discusses
the use of approved methodologies, and Tables 2 through 27 identify
detection limits typically achievable in the analysis of samples with Tow
concentrations of chemical constituents. The analysis of data toward
establishment of accuracy and precision levels obtained in the analytical
work is discussed in Section 8.0.

Calculations performed with the data gathered or generated during the
project are also checked for accuracy by the task leader or his designee,
and precision, i.e., the comparability of calculation techniques between
various tasks, is assured through review by the quality assurance team.

Canonielnvironmental



14

Portable field instruments, such as the organic vapor analyzers (OVAs),
will be calibrated at the beginning of the day, using the manufacturer’s
calibration specifications and procedures to establish the accuracy of the
data collected. The OVA will be tested for drift in the middle of the day
and after sampling is completed for the day with known standard calibration
gases. The OVA readings measured during the field investigation will be
recorded on the field daily activity logs or boring logs.

Accuracy of field-measured pH will be evaluated through comparison of
instrument readings taken on standard buffer solutions. Accuracy will be
established by obtaining readings which do not vary from the standardized
salution value by + 0.05 pH units. Field measurements will be recorded to
the nearest 0.05 pH units.

Accuracy of the conductivity meter will be assured by daily calibration
verification with a standardized solution of potassium chloride, purchased
from the manufacturer of the meter or from a laboratory chemical supply
house. If instrument readings vary from the standardized value by more
than five percent (5%), the conductivity meter will be recalibrated or
replaced.

Instruments which are factory calibrated will be considered accurate if the
most recent calibration occurred within the previous 12-month period and
the instrument readings do not appear to be in obvious error. Periodic
checks of the instruments against samples containing known concentrations
will allow personnel to detect calibration drifting. Measurement precision
for all field instrumentation will be estimated by periodically (1 per 10
samples) completing duplicate testing of samples in the field.

Precision and accuracy data for Canonie’s laboratory is presented in

Appendix B with the laboratory’s quality assurance plan. Appendix C
presents copies of the laboratory’s certification of approval from the DHS.
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3.4 Completeness

The characteristic of completeness is a measure of the amount of valid data
obtained compared to the amount that was specified to be obtained under
normal conditions. The amount of valid data specified is established based
on the measurements required to accomplish project objectives. The extent
of completeness must be reviewed on a relative basis for sample collection
activities, since the required amount of valid data anticipated prior to
sampling episodes may not accurately define the amount of data necessary to
render a correct decision. Completeness of data handling systems is
described in Sections 10, 12, and 14.

3.5 Comparability

The characteristic of comparability reflects both internal consistency of
data collected with regard to a single parameter and an expression of data
in units which are consistent with the units in which data, gathered by
other organizations measuring the same parameter, are presented.
Comparability of data gathering and measuring procedures should also be
addressed if data gathered is to be reliably compared. Thus, the
characteristic of comparability implies the personnel involved in data
acquisition and reduction must operate measurement systems within the
calibrated range of the particular instrument as well as utilize analytical
methodologies which produce comparable results.

When comparison of data sets indicates certain values within one or more
sets are not consistent with the totality of the data acquired, these
values, known as "outliers”, must be reassessed prior to utilization in the
decision-making process. Utilization of statistical analysis is often
required to define whether the "outliers" represent significant values
which require recognition in the decision-making process. Analysis
methodologies which will be considered in reviewing data will include the
three approved statistical procedures presented in 40 CFR 264. Since the
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number of verifiable sampling data points for the monitoring wells will be
few, it may not be possible, however, to complete a time statistical
analysis of data for all constituents at all locations.

3.6 Quality Assurance/Quality Control Objectives

The QA/QC objectives for the RI/FS activity contemplated in the RI/FS Work
Plan include the following:

1. To collect sufficient field, sample blank, and trip blank samples
as well as field duplicates to allow assessment of sample
representativeness and sample collection protocol precision;

2. To analyze sufficient internal duplicates, blanks, reference
standards, and matrix spike samples to allow an assessment of
analytical precision and accuracy. Sufficiency of analytical
QA/QC procedures is specified by the referenced methods in
Section 9;

3. To produce documented, consistent, and technically defensible data
and reports which accurately and compietely define the nature and
extent of chemical constituent presence at the site, the
hydrogeologic environment controlling the migration of chemical
species at the site and the flow of ground water in the area, and
the concentration and distribution of any organic emissions which
may impact adjacent property;

4. To develop an appropriate indicator parameter schedule for ground

water and soils during the RI for use in economically evaluating
the progress of remedial actions to be implemented at the site.
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4.0 GROUND WATER MONITORING WELLS

4.1 General

The impacts to ground water quality, due to industrial activity, may result
from surface spills, discharge of wastes or process waters into surface
impoundments or leach fields, and from buried wastes or leaking tanks or
pipes. Characterization of any resulting impacts to ground water quality
and the transport of chemicals in the ground water requires that the
hydrologic properties of the aquifer be determined. The direction of
ground water flow can be determined by comparing static water level
elevations in a series of wells completed in the same aquifer.
Additionally, the flow rate can be calculated from the gradient of the
ground water surface, hydraulic conductivity, and porosity.

The hydrogeologic conditions controlling transport of chemical constituents
in the ground water are rarely defined in existing literature. Therefore,
direct observation of subsurface conditions, through installation of ground
water monitoring wells, is required to determine flow parameters such as
permeability and hydraulic potential, and to assess the nature and extent
of chemical constituent impacts to the local ground water quality. The
sampling plan for the project describes the location where ground water
monitoring wells are to be installed, the designation of the wells, and the
depths or stratigraphy to be monitored. The sampling plan should be
referenced for anticipated locations and the rationale for selection. This
plan describes the procedures with which drillers are to comply in
constructing monitoring wells. Well installation procedures and the
quality control program controlling well construction are critical to the
collection of data which accurately reflects the conditions existing in the
subsurface soils and in the ground water. The following procedures will
govern the installation of all monitoring wells during this project.
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4.1.1 Well Surveyin

Monitoring well locations will be surveyed by a California registered
surveyor using the California Coordinate Grid System. Wellhead and/or
Christy rim elevations will be surveyed to the nearest 0.01 foot. The
implementation of this survey will prevent "lost" wells and will also aid
in locating wells which may be accidentally destroyed.

4.2 Cleaning of Equipment and Materials

The drill rig shall be in good condition, capable of efficiently
accomplishing the designated work, and properly maintained so that chemical
canstituents are not introduced into the socil or the borehole during the
construction of the well. Leaking seals or leaking tanks containing fluids
other than approved drilling water shall not be permitted.

A1l equipment to be used in the construction of wells at the site shall be
cleaned within the decontamination area designated in the health and safety
plan. Al11 drill rods, augers, samplers, and any other equipment necessary
for the construction of the well shall be removed from the rig and steam
cleaned utilizing water from a source approved by the project manager. A
sample of the water used for steam cleaning the drill rig and equipment
shall be collected during the first day of drilling, and analyzed for the
chemical constituents known to be present at the site.

Drill rods, augers, casings, samplers, pipe wrenches, and other materials
and tools shall be laid on saw horses or other supports and cleaned until
all visible signs of grease, oil, mud, or other material are removed.
Brushes shall be used as necessary to assist in the removal of extraneous
materials or soil. New equipment shall be steam cleaned before utilization
in well construction. Drillers shall utilize new, clean cotton work gloves
in handling cleaned drill rig equipment. If the health and safety program
for the site requires the donning of surgical or other protective gloves,
these gloves may be worn beneath the cotton work gloves.
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In addition to the cleaning of the equipment noted above, water tanks,
pumps, mud pans, hoses, and transfer vessels shall be periodically cleaned
to prevent the introduction of chemical constituents which would compromise
the quality, representativeness, or use of the new well. Fittings on the
drilling equipment may be greased and fluids may be added to equipment
after cleaning, so long as extreme care is taken to avoid exposing cleaned
equipment to the greases or fluids. When possible, vegetable oil-based
greases and lubricants shall be considered for use. Precautions shall be
taken to prevent contamination of the well with petroleum oils and greases.
Lubricants shall not be used on the drilling and sampling tools and
fittings.

Only new materials shall be used in the construction of wells on the site.
Well casings and screens shall, prior to cleaning, bear the manufacturer’s
label indicating the type of material and specification to which the
material element was made. Grout, cement, bentonite, or other material to
be used in construction of the well shall be brought to the site in
unopened bags, pails, or other containers, and shall be clearly labeled as
to type, manufacturer, and specification compliance.

When polyvinyl chloride (PVC) casing is utilized, the casing shall be cured
and free of plasticizers. Only threaded casing and accessories shall be
used. The factory threading operation for the casing shall be completed
without the use of oils, and all burrs and shavings shall be cleaned from
the casing. PVC casing with ink markings shall be sanded with fine sand
paper until all ink has been removed from the entire casing. After steam
cleaning the casings, workers shall always use clean cotton gloves when
handling the casing.

All pumps to be used in development, purging, or pumping of wells at the
site shall be steam cleaned and all wetted parts, hoses, and valves flushed
thoroughly with water from the source approved by the project manager.
Pumps which leak or otherwise may introduce chemical constituents into the
well, sampled water, or aquifer shall not be used. Electrical lines to
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submersible pumps shall meet all applicable code standards. Electrical
lines to submersible pumps may be attached to the discharge pipe or hose of
the pump by stainless steel or plastic fasteners which grip by means of a
mechanical action only. No electrical tape shall be used to attach
electrical lines to the discharge pipe or hose.

Compressors utilized in the development, purging, or pumping of wells at
the site shall be equipped with an operable oil trap and in-line air
filter. The oil trap and filter shall be checked by the supervising
geologist, geotechnical engineer, or technician prior to each day’s use.
The oil trap and filter must be capable of removing entrained oil from the
compressed air to prevent introduction of chemical constituents into the
sample water or the ground water.

If bladder pumps are utilized and powered by compressed nitrogen, the
nitrogen gas shall be pressure regulated at the tank and shall pass through
an in-line o0il trap and filter before it enters the well or pump. The
source of nitrogen gas shall be indicated in the daily log for the site
activities.

4.3 Drilling Procedures and Steel Casing Installation

4.3.1 General Precautions and Restrictions

The addition of any drilling fluids which contain chemical additives or
organic matter, such as Baroid or Revert, is strictly prohibited. The
mixing of water or cuttings from upper soil zones with lower soil zones is
prohibited, and any drilling method or activity which has the potential to
cause such mixing is prohibited.

Canonielnvironmental



21

4.3.2 Preferred Drilling Procedures

Whenever feasible, wells shall be constructed using drilling procedures
which do not require the introduction of water or drilling fluids into the
well hole. In general, drilling with hollow-stem augers is preferable to
rotary drilling; air rotary drilling is preferable to wet rotary drilling;
and reverse-circulation drilling is preferable to wet rotary drilling. Wet
rotary drilling with clear water and insertion of a temporary flush-joint
casing is preferable to recirculation of drilling fluids and all methods
are preferable to wet rotary drilling and the use of bentonite-based
drilling muds as a borehole stabilizer. However, site conditions at the
NAS Alameda site may require the use of wet rotary drilling with bentonite-
based muds. Cable tool methods and other percussion taol drilling methods
may be attempted in hard, consolidated formations, subject to approval by
the project manager, and with particular consideration being given to the
procedures used to prevent mixing of upper soil zones with lower soil
zones.

Where conditions warrant, the use of a permanent steel casing installed to
prevent mixing of upper soil zones with lower soil zones is encouraged. In
some situations, several permanent casings may be required as the borehole
is advanced to deeper soil zones. When required or utilized, installation
of a permanent steel casing shall be completed prior to drilling into lower
soil zones. The steel casing will be installed in the pre-drilled borehole
after the borehole is completed. To properly set the casing, the casing

is driven at least three feet into undisturbed soils at the base of the
borehole. Once the casing is set in the borehole, grout is pumped into

the annulus between the casing and the borehole. After grouting is
complieted, the casing shall not be disturbed for a period of around 24
hours.
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4.3.3 Hollow-Stem Auger Drilling Procedure

Where a monitoring well screen is to be constructed in a saturated,
permeable zone of soil under Tow or no artesian pressure, hollow-stem
augers may be utilized to drill and stabilize the well hole. The inside
diameter of the hollow-stem augers shall be at least 1.33 times the outside
diameter of the well screen and riser scheduled to be placed in the
borehole. Also, prior to well installation, the diameter of the borehole
shall be at least four to six-inches larger than the outside diameter of
the well screen and riser scheduled to be placed in the borehole. Only
hollow-stem augers with water-tight joints shall be utilized in
constructing the well.

The borehole is created by rotating the hollow-stem augers and advancing
the augers into the soil. The borehole is created as the soils are brought
to the surface by the action of the augers. When the augers have advanced
to the designated depth, the augers are withdrawn. Soils which have not
been pushed to the surface by the rotation of the auger are extracted when
the augers are retrieved.

If heaving soils are encountered during the advancement of the borehole,
the drilling crew may attempt to salvage the borehole by filling the
hollow-stem augers with water from the approved source, and then cleaning
out the hollow-stem auger using a clean split-spoon sampler or other tool.
A roller bit shall not be used to remove the soil from within the auger,
nor shall the augers be cleaned by jetting.

The borehole shall be advanced to the pre-determined depth or soil strata,
as detailed in the project work plan, or advanced to a depth determined by
the supervising geologist or geotechnical engineer. Sampling of the soil
formation during advancement of the borehole shall conform to the sampling
plan presented in the work plan and to the procedures set forth in

Section 4.4.
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4.3.4 Rotary Drilling using Temporary Flush Joint Steel Casing

Rotary drilling using temporary flush-joint steel casing may be used where
the depth of the monitoring well exceeds the practical capability of
hollow-stem auger drilling, where sandy, bouldery, or gravelly soils or
weathered bedrock must be penetrated and cased to create an open well hole,
or where artesian pressures in relatively shallow soils prevent the
installation of a well using hollow-stem auger techniques. Rotary drilling
shall utilize a temporary, flush-joint, steel casing to stabilize the well
hole, while a bit is rotated within the driven casing to cut and pulverize
the formation. Clean, clear water from an approved source shall be pumped
into the casing to cool the bit and wash the cuttings from the well hole.

Rotary drilling requires a large source of clean water, approved by the
project manager, drill rod with a large inside diameter, a drill with high
torque and weight, and a high-capacity, high-pressure pump. The roller or
drag bit used shall create a borehole within the casing which is no more
than 3/8-inch smaller in diameter than the inside diameter of the temporary
casing.

The borehole for the well is created by driving the temporary casing into
the soil approximately five feet. The drill bit is then inserted inside
the casing and the soils are cut and pulverized while clean water is pumped
into the borehole through the hollow stem of the drill rod. The pulverized
soil is lifted to the surface of the borehole by the upward velocity of the
water, with the cuttings forming into a slurry by mixing of the water with
the soil. The soil slurry is removed from the borehole to a settling
basin. As the driven portion of the casing is cleared of soil, the casing
is again driven deeper into the formation, and then the drill bit is
utilized to remove the soil within the casing.
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Bentonite powder may be added at the surface, around the outside of the
temporary casing, to create a seal between the setting basin and ground
surface in order to prevent leakage at the ground surface. In addition,
bentonite may be added to the fluid within the casing. The rotation and
rate of bit feed shall be controlled to assure that the formation being
drilled is ground to medium to fine sand-sized particles. Pump capacity
shall be sufficient to cause the pulverized material to be washed from the
borehole.

4.3.5 Air Rotary Method

This technique is similar to the rotary drilling technique discussed in
Section 4.3.4. However, instead of utilizing water to cool the drill bit
and wash the soils to the surface, compressed air is substituted as the
medium to remove the cuttings from the hole. Air rotary drilling is not
amenable to situations where artesian conditions are present. However, air
rotary drilling is appropriate where hard drilling conditions are
encountered or bedrock is present. Additionally, air rotary drilling is
appropriate in situations where hydrogeologic conditions are such that the
loss of water through the borehole would affect the immediate ground water
quality or could cause a ground water plume to be enlarged beyond its
existing boundary.

4.3.6 Other Methods

The use of other drilling methods, including reverse circulation,
percussion, and/or cable tool are not generally appropriate to the
installation of monitoring wells. If the geology of the project site
requires that one of these methods be utilized, the drilling program will
be suspended and an alternative drilling program will be developed. The
drilling program will include appropriate QA/QC directives.
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4.4 Sampling of the Formation
4.4.1 General

The sampling of the formation is required to establish the nature of the
soils at the location of the monitoring wells. Geologic samples, retrieved
through split-spoon sampling or thin-walled tube sampling, are required to
determine the strata thickness and soil type present at depth, and to
provide the information necessary to develop and accurate log of the well
hole. Where sampling is required for chemical characterization of the
soils, sampling shall follow the procedures set forth in Section 5.3.2. ATl
monitoring wells shall be properly logged to provide a permanent record of
the Tithology encountered and the well constructed. The sails log for the
well shall follow the format established in the Unified Soil Classification
System (USCS). The field geologist or geotechnical engineer shall be
responsible for obtaining all required information including the logging
and classification of soils and the documentation of well construction
details for each monitoring well installed at the site.

Sail samples for sieve analyses will be collected during exploratory
borings, and the resuits of these analyses will be reported with the boring
logs.

4.4.2 Sampling Interval and Type

Soils within the borehale shall be continuously sampled or sampled at
regular intervals, not to exceed five feet. At a minimum, two samples
shall be retrieved from the soil strata in which a monitoring well screen
is to be set. Sampling shall be performed in accordance with ASTM D1586,
split-spoon sampling, or 1587, thin-walled tube sampling. Soil samples to
be analyzed off-site for physical characteristics shall be placed in
sealed, labeled, brass tubes and/or 8-ounce paragon jars. Labels shall
include the name of the sampler, the date of collection, the borehole or
well designation, the site name, and the preliminary classification of the
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soil under the USCS. Soils examined for logging of the hole, but not
retained for subsequent analysis will be discarded with the cuttings.

Samples of the gravel pack, filter, and plastic grout shall also be
collected, placed in separate glass jars, sealed, and labeled. When several
wells are completed using gravel, filter media, or grout from the same bag
or mix, only one sample of the common media needs to be retained. The log
of the well shall note that a single sample was retained and is
representative of the media in one or more additional wells.

4.5 Well Construction Materials

A1l materials utilized or incorporated into the construction of ground
water monitoring wells shall be new, of sound condition, and free of
hazardous or toxic chemical constituents which may leach into the ground
water. A1l paint, coatings, or inks shall be removed prior to
installation.

4.5.1 Well Screens

Well screens shall be continuously slotted PVC plastic well screen as
manufactured by Johnson Well Screen, or equivalent, or if stainless steel
screen is required due to special conditions, shall be continuously wound
wire screens as manufactured by Johnson Well Screen, or equivalent. The
diameter of the well screen shall meet the construction specification for
the well designated in the work plan or determined by the field geologist
or geotechnical engineer. Well screen shall be furnished in five-foot-long
sections, or longer, except as specifically noted otherwise in the work
plan. Screen lengths for monitoring wells shall not exceed 10 feet in
length unless approved by DHS. The bottom of each section shall be
designed to accept a threaded bottom plug, which plug shall be designed to
withstand all installation and well development pressures without becoming
dislodged or damaged.
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STot size for the screen shall be specified by the field geologist or
geotechnical engineer to achieve 80 to 90 percent gravel pack retention.
Where prior information is available on the geology of the site, the work
plan may stipulate a screen size for the monitoring wells. The field
geologist or geotechnical engineer shall confirm that the slot size
selected in the work plan is appropriate with field conditions observed
during the drilling of the borehole.

4.5.2 Riser Pipe

Riser pipe shall consist of PVC plastic pipe meeting ASTM D1785, with
flush-joint threads. Schedule 40 or 80 pipe, as designated in the work
plan, shall be utilized. Riser pipe shall be furnished in appropriate
lengths, with all riser pipe having a minimum length of 5 feet and a
maximum length of 20 feet. Threads shall be cut in accordance with DCDMA
standards.

4.5.3 Casing

Permanent or temporary steel casing for cased wells shall have a minimum
inside diameter which is 1.33 times the outside diameter of the well screen
and riser pipe. The steel casing shall have a minimum wall thickness of
0.125 inches, and the ends of each casing section shall be threaded, or
bevelled for welding. All casing shall be new black pipe which is free of
interior coatings.

4.5.4 Grout Mix

Grout shall be mixed on-site using a portable mechanical (paddle or jet)
grout mixer. Grout shall be composed of eight to ten gallons of water
mixed with one bag of Portland cement. Hydrated 1ime may be substituted
for up to 10 percent of the cement required. Bentonite shall be added to
the mix until the grout mix consists of two the three percent bentonite.
The correct weight of bentonite to produce this percentage when mixed will
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be measured on a scale before hydrating. Bentonite will be hydrated for 30
to 45 minutes prior to the addition of Portland cement.

The grout shall be thoroughly mixed and free of lumps. Cement used shall
be Portland cement Type I, meeting ASTM C150, furnished in unopened bags
weighing 94 pounds. Hydrated lime, if used, shall meet ASTM C207, Type S,
furnished in unopened bags, and shall not contain additives which cause or
enhance air entrainment. Bentonite shall be powdered sodium bentonite,
free of additives, supplied in full, unopened bags. The manufacturer and
trade mark of the bentonite will be noted on the well construction details
and drill logs. Water shall be provided from a source approved by the
project manager. The volume of the water used will be measured out by

pumping the water first into clean buckets or other vessels of known volume
before the water is added to the mix.

4.5.5 Gravel Pack

Gravel pack is the material placed in the annular space around the well
screen. The pack shall be uniformly graded sand or gravel, comprised of
hard, durable particles which have been washed and screened. The sizing of
the particles shall be determined by the soil type encountered in the zone
to be monitored. The particle size of the pack shall be at least 4 times
the D15 size (15 percent of the soil is finer than this dimension) of the
soil in the monitored zone and shall be no more than 4 times the D85 size
(85 percent of the soil is finer than this dimension) of the soil in the
monitored zone. The gravel pack shall be free of all organic matter and
shall not contain detectable concentrations of any chemical constituents.
Three random samples of the gravel pack material will be collected for
sieve analysis. The results of the sieve analysis will be reported on the
daily activity logs and/or laboratory test forms. The gravel pack shall be
furnished in unopened bags or pails.

Canonielrvironmental



29
4.5.6 Bentonite Pellets for Seals

The seal between the filter and the borehole grout shall be constructed of
sodium bentonite pellets and sand. The diameter of the bentonite pellets
shall be less than one-half the width of the annular space into which they
are placed. The pellets shall be furnished in unopened bags or pails and
stored in a dry location prior to use.

4.6 Well Installation

Prior to installation of any material in a borehole, the supervising
gealogist or geotechnical engineer shall verify that the borehole is
stable, vertical, unabstructed, and advanced to the depth indicated in the
work plan or specified in the field orders. If the borehole tends to cave
in or heave, the drill crew shall be instructed to take the necessary
steps, consistent with the procedures described herein, to stabilize the
borehole. Well installation shall not be permitted by driving or jetting
the well screen, unless specifically authorized by the project manager
through written authorization.

4.6.1 Well Component Assembly

The installation of the components of the well shall be as follows. All
materials shall be cleaned in accordance with the procedures set forth in
Section 4.2 prior to assembly. The well screen and riser pipe shall be
assembled by attaching and hand tightening the flush threaded joints. The
bottom plug shall be inserted onto the lowermost section of the well
screen. If necessary to assure a tight joint, pipe or chain wrenches may
be utilized only if the wrenches have been thoroughly cleaned.

As the screen and riser pipes are assembled, the assembled sections
(string) may be positioned into the borehole and held in place with a slip
plate and ropes or wire cables attached to the boom of the drill rig.
Precautions must be taken to prevent oil or greases on the ropes or cables
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from contacting the riser pipe. If 0ils or greases do contaminate the
riser pipe through contact, the riser pipe must be removed and cleaned
properly.

Once the string has been lTowered to the depth of the zone to be monitored,
the string shall be suspended in place, if necessary, and the screen and
riser sections positioned in the center of the borehole and vertically
aligned. The riser pipe shall extend at least two feet above grade, unless
provision has been made to set the well in a Christy box within a paved
area. The riser pipe shall be properly trimmed to its final height above
grade before the well cover is installed and grouting takes place.

Centralizers will be attached to monitoring well casings at borehole
locations not drilled using the hollow stem auger method. Where used, the
centralizers will be attached at the top and bottom of the well screen, and
at every 40 feet of blank casing. Centralizers shall be thoroughly cleaned
in accordance with the provisions of Section 4.2. Centralizers shall be
constructed of PVC plastic or stainless steel.

A small "V" notch will be cut into the top edge of each well casing. Water
levels will be measured from the "V" notch to ensure a consistent reference
point. If a "V" notch is not cut into the well casing, then other
measuring reference points will be established at the time of well
installation.

4.6.2 Placement of Gravel Pack

After the string has been placed into the borehole, the volume of the
gravel pack shall be computed and carefully measured. The gravel pack
shall typically extend at least two feet above the uppermost row of slots
in the well screen, except where relatively impermeable zones separating
permeable strata of soil are thin and require that the gravel pack
construction be limited to a shorter rise. The level of the gravel pack
within the borehole will be confirmed by sounding with a weighted tape.
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When using hollow-stem augers, the gravel pack shail be placed by pouring
the material into the annulus between the auger and the riser pipe. The
auger shall be raised periodically, and an auger flight removed, to allow
the gravel pack to fill the annulus between the well screen and the
borehole wall. If the borehole is temporarily cased, the casing may be
withdrawn to the top of the gravel pack after the calculated volume of
gravel pack has been placed and sounded. After withdrawing the temporary
casing to a level approximately three feet above the top of the gravel
pack, the pack shall once again be sounded to determine whether the
withdrawal of the casing disturbed the gravel pack, and whether the pack
continues to extend at least two feet above the top of the well screen.

4.6.3 Placement of Bentonite Seal

After the gravel pack has been placed and sounded, a bentonite pellet seal
shall be constructed above the gravel pack. Prior to placing the seal, the
volume of pellets required to construct the seal shall be calculated and
carefully measured. The seal shall be a minimum of three feet in
thickness. [f the bentonite seal is placed below the water table, the
pellets will be placed using tremie methods, as determined by the field
geologist or engineer. During placement, the seal will be freguently
sounded using a weighted tape to ensure the proper seal depth and thickness
and to check that bridging has not occurred. If the bentonite seal is
constructed above the water table, approximately five gallons of clean
water shall be poured into the annulus between the riser pipe and borehole
to wet the bentonite pellets. A seal tamper shall then be lowered down the
borehole, and the wetted pellets shall be tamped into a cohesive mass.

4.6.4 Placement of Grout

Prior to grout placement, the bentonite seal will be hydrated at least 30
to 45 minutes before grouting. The volume of grout required to fill the
borehole shall be calculated before placement. An additional smaller
volume of grout will be added to the calculated volumes to account for
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possible losses. Grout shall be prepared in accordance with the procedure
presented in Section 4.5, and then injected into the borehole via a tremie
pipe. The discharge end of the tremie pipe shall be placed initially on
the top of the bentonite seal. As the borehole is filled with the grout,
the tremie pipe may be raised. The grout shall be pumped through the
tremie pipe into the borehole until the grout flows out of the borehole at
the surface. After the grout has been placed, the temporary casing shall be
removed. Additional grout shall then be added to fill the borehole
completely to the surface. The minimum setting time for grout will be 24
hours. If the riser pipe extends above the ground surface, it will be
trimmed prior to the well cover installation and grouting. Trimming of the
riser shall proceed in a manner to prevent pipe cuttings from entering the
well.

4.6.5 Placement of Well Protector

A steel pipe, having an inside diameter of at least 1.33 times the outside
diameter of the riser pipe, shall be set concentrically around the riser
pipe and into the plastic grout. The bottom of the well protector shall be
submerged at least three feet into the grout, and shall extend at least six
inches above the top of the riser pipe. The grout which is forced out of
the borehole due to the placement of the well protector shall be carefully
removed so as to prevent "mushrooming" of the grout, which tends to promote
heaving of the well casing and the well protector during frost conditions.
The well protector shall be maintained plumb and concentric with the riser
pipe until the grout has set. Temporary braces may be required to maintain
the well protector in the proper position. A locking cap shall be secured
to the top of the well protector pipe to prevent unauthorized entry into
the well. Four steel bucking posts will also be installed around the well,
if necessary to prevent accidental well damage.
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4.7 Well Development

A1l new monitoring wells shall be developed, by pumping or other means of
evacuating the well casing, in order to remove trapped soil fines in the
gravel pack and soil formation just outside the pack and to produce a
representative sample of the water in the formation. Well development
shall be completed as soon as possible after the well construction has been
completed and prior to sampling for any water quality characteristics.

Well development may be accomplished through the use of submersible,
bladder, jet, or suction pumps. Pumps must be fully operational, meet
applicable electrical or other code provisions, and must be thoroughly
cleaned in accordance with procedures set forth in Section 4.2. Pump
capacity shall generally be rated at three to five galions per minute.
Pumps shall be operated to remove water from the well casing continuously
for at least five minutes without pumping the well dry. As an alternative
to pumping, an air 1ift with a vented surge block may be utilized to
evacuate and surge the well. Where the nature of the formation makes
development of the well infeasible using pumps, bailers may be utilized.

Well development shall continue until representative formation water, free
of the effects of well construction, is obtained. Representative formation
water shall be defined as water which is generally free of sediment, and
has stable pH, temperature, and conductivity readings when measured during
a period of ten minutes. In general, well development shall proceed for at
least four hours, unless prior experience suggests that a shorter well
development period results in the production of formation water which is
representative. Well development water will be placed into on-site storage
tanks or 55-gallon drums and characterized prior to disposal or treatment.
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5.0 SAMPLING

5.1 General

The quality of sample collection techniques is assured by keying the
techniques utilized in each sampling episode to both the media to be
sampled and the analytes of interest to the investigation. The source of a
particular environmental sample, whether it be water, soil, air, or other
material, as well as the particular analyte to be tested (i.e., heavy
metal, volatile organic, etc.), influence the decision of which specialized
collection technique is required to preserve the integrity of the sample
and ensure that a representative portion of the source is collected.
Further, unless proper sample container preparation and handling measures
are taken prior to sample acquisition, the sample composition may be
altered by contamination, degradation, biological transfaormation, chemical
interactions, or other processes during the time between sample collection
and laboratory analysis. The resultant inaccuracy in the data may have
profound effects on the comparability of analytical data from the sampling
episode with the results of other episodes or other organizations, as well
as tainting decisions related to such data.

Sample containers are generally filled directly from the source or sampling
device without special considerations. However, certain analytical
procedures require the sample obtained to be preserved by altering the pH
of the sample to some predetermined value in order to maintain the in-situ
characteristics of a particular analyte during transport and storage.
Media-specific sample collection and preservation techniques are presented
below. Adherence to approved protocols enhances the integrity of the data
obtained from the sampling, and allows comparison of the data with
standards and references established by regulatory agencies.
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Table 1 of Canonie’s laboratory quality assurance plan (Appendix B)
presents the currently accepted sample volume, handling, and preservation
requirements for hazardous materials sampling projects.

Unless otherwise specified in this plan, sampling procedures outlined in
"Samplers and Sampling Procedures for Hazardous Waste Streams",
EPA-600/2-80-018, will be followed in the collection of samples from
various media at the site. A copy of this plan will be available at the
site for reference by site personnel. Split or duplicate samplies in
appropriate containers accompanied by a sample tag and chain-of-custody
form will be provided to the Navy Project Coordinator, and/or applicable
regulatory agencies when approved by the Navy Project Coordinator, upon
request.

5.2 Sample Container Preparation

Objective: To prepare appropriate sample containers for pre-selected
analyses prior to the sampling episode.

Approach: The following procedures outline the basic steps required in
preparing sample bottles for the indicated analysis. The blank
water used in the procedures outlined below is identical to the
reagent water (ASTM Type II or better) used to prepare sample
blanks.

5.2.1 ntainer

1. Wash the glass bottles and caps thoroughly in hot detergent water.
2. Rinse the glass bottles and caps thoroughly with hot tap water.

3. Rinse the glass bottles and caps with 1:1 nitric acid.

4. Rinse the glass bottles and caps with blank water three times.
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-
If soil samples are being collected using a split-spoon sampler, samples
- may be collected in brass tubes, inserted in the split-spoon as a liner. If
brass tubes are used, the procedure stated above shall be used, except that
- the acid rinse shall be omitted.
- 5.2.2 Semi-Volatile Organic Analytes and Sample Blank Containers
1. Wash the bottles and Teflon™-lined caps, or brass tubes if used,
- thoroughly in hot detergent water.
- 2. Rinse the bottles and caps thoroughly with hot tap water.
- 3. Rinse the bottles and caps thoroughly with blank water.
4. Rinse the bottles and caps with ACS acetone and pesticide-grade
- hexane, and then air dry.
(e 5. For trip blank water bottles, fill the one-liter bottles with
blank water in the laboratory.
-
5.2.3 Volatile Organic Analytes
-
1. Wash the containers (bottles and Teflon™-lined caps, or brass
tubes if used) thoroughly in hot detergent water.
-
2. Rinse the containers thoroughly with hot tap water.
-
3. Rinse the containers thoroughly with blank water.
[
4. Heat the containers at 100 degrees Celsius for one hour.
- 5. Allow containers to cool where they are protected from sources of
contamination.
v
-
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6. After the containers have cooled, cap the containers to prevent
contamination.

7. For trip blank water bottles, fill the 40 m1 VOA bottles with
blank water in the laboratory.

5.2.4 Solid Sorbent Tubes

Appendix D presents a description of the methodologies employed in the
preparation and subsequent sampling of Tenax tubes. Canonie will provide to
the NavFac Project Officer a 1ist of the constituents of interest with the
detection limit for the constituent, and the NIOSH analytical reference
methods appiicable thereta, prtor to the collection of samples.

5.3 Sampling Procedures

5.3.1 Air Monitoring Procedures

Monitoring of the ambient atmosphere may be accomplished successfully
through the application of various techniques, ranging from the very simple
(using colormetric tubes and a hand pump) to the sophisticated (using
complex traps and absorbent media with real-time analysis employing gas
chromatographic instruments). While the type and precision of monitoring
data generally is directly related to the sophistication of the
instrumentation utilized, valuable data concerning atmospheric impacts of
chemical constituents may be accessed through application of monitoring
methods which use low to moderate cost equipment. Further, these methods
provide data which is of acceptable quality to assess public health impacts
created by the presence of chemical constituents at a particular site.

The techniques described below are generally employed by Canonie in the
collection of air quality data. These techniques are widely accepted and
in general use throughout the field. The techniques selected provide
practical, efficient means of obtaining samples in a manner consistent with
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health and safety considerations and QA/QC requirements. Selection of a
particular method for use in monitoring air quality will be accomplished in
the Air Monitoring Plan (Volume 1B). A decision to use one method over
another will be dependent on a weighing of several factors, including the
precision required, the time period in which validated results will be
returned, the interest in knowing whether specific chemical constituents
are present, and the cost effectiveness of the method in relation to the
intended usage of the data.

The sampling of ambient air quality requires that proper records be
maintained during the sample collection process. Sampling must be designed
and conducted in a manner that provides samples suitable for the intended
analyses and are properly documented to assure comparability at a Tater
date. At the time atmospheric sampling (and analysis) occurs, the
following information must be recorded by the sampling team:

1. Sample site Tocation (e.g., baseline station and offset or
address);

2. Date and time of sampling;
3. Weather conditions, including prevailing wind direction,
temperature, cloud cover, approximate humidity, and precipitation

occurrence;

4. Sample identification number, if analysis does not occur
contemporaneously with sample collection;

5. Identification of sampler;

6. Analyses requested, or analytical result obtained if analysis
occurs contemporaneously with sample collection.
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In addition to preserving pertinent information regarding the sampling, the
sample team must initiate chain-of-custody procedures, describe the sample
site in adequate detail to allow analytical results to be properly
interpreted, and provide additional replicate samples to allow for
evaluation of precision and representativeness. Canonie will utilize
preprinted labels and standardized record forms to expedite this
documentation effort in the field and ensure uniformity of records. The
sampling protocols and recordkeeping requirements for the techniques
described in this plan vary according to sampling techniques. Additional
requirements may also be established on a site-specific basis based upon
information obtained during sampling episodes.

5.3.1.1 Century 1 anic Vapor Analyzer

Organic compaunds which volatilize into the ambient air during site
activity will be monitored periodically using a Century 128 Organic Vapor
Analyzer (OVA), which operates on a flame ionization detection principle.
The OVA is a hydrogen flame ionization instrument with sensitivity in the
parts per million (V/V) range. The instrument measures organic vapor
concentrations by producing a response to an unknown vapor sample, through
ionization of the inputted vapor, which can be related to a gas of known
composition to which the instrument has previously been calibrated. During
normal operation, a continuous vapor sample is drawn into the probe and
transmitted to the detection chamber by an internal pumping system. The
sample flow rate is metered, calibrated, and passed through a particle
filter before reaching the detection chamber. The vapor sample is ionized
in the detection chamber, creating a current which is measured with a
linear electrometer preamplifier. The preamplifier signal is conditioned
and the resulting signal is transmitted for subsequent meter or external
recorder display. Preamplifier signal settings allow detection ranges of 0
to 10 ppm, O to 100 ppm, and 0 to 1,000 ppm total organic concentration in
the vapor samples analyzed.
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During activities at the site, an OVA will be utilized by a field engineer
or technician to sample ambient atmospheric conditions related to organic
constituents. Air monitoring will occur after the OVA has been calibrated
in accordance with procedures set forth in Section 7.2.4. Samples are
drawn from specified locations, such as downwind of drilling activities or
in the headspace above a soil sample, to determine the ambient
concentrations which exist in the air. Sampling, once the instrument is
operating and calibrated, only requires that the instrument handler place
the inlet tube on the OVA probe at the location where vapor samples are to
be accessed. The instrument readout is then monitored by the instrument
handler, and notes on readout values are recorded in the daily log for the
site work. '

5.3.1.2 Solid Sorbent Tube Sampling

Procedures for solid sorbent sampling apply to Tenax tubes, polyurethane
foam tubes, Chromosorb tubes, charcoal tubes, and florsil tubes. Sampling
locations for tube sampling will be selected on the day sample collection
is to occur. Sampling will generally involve collection of one or more
samples at upwind, on-site, and downwind locations. General sampling
locations for this project are discussed in the Air Monitoring Plan
(Volume 1B).

At each sampling location, a calibrated Gilian pump will be installed at an
elevation approximately five feet above ground, and generally away from
trees or obstructions, such as buildings. A prepared solid sorbent tube
will be labeled with a unique sampling number and the identification number
of the Gilian pump to which the tube will be connected. The ends of the
charcoal tube will then be broken off, and the tube placed into the sample
tube holder. The flow direction arrow on the tube shall point toward the
sampling pump. The ends of the tube holder shall then be evenly tightened
to seal the holder.
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When the tube holder is set with the new charcoal tube, the pump shall be
turned on, and a notation made in the sample Tog book or field notes of the
time sampling commenced. Periodically, during the sample period, the pump
shall be checked to assure continued operation. If pump failure occurs,
the digital readout of the pump clock shall be activated and the time of
operation observed and recorded in the field notes, together with the pump
number and solid sorbent tube sample number.

For pumps which properly operate for the entire sampling episode, the pumps
shall be collected and turned off as close to the conclusion of the 480-
minute sampling time period as possible. The digital readout of each
sampling pump shall be activated and the time of operation for each pump
observed and recorded in the field notes adjacent to the recorded sampling
start time for the pump.

Each solid sorbent tube shall then be removed from its halder, the ends of
the tube sealed with the plastic caps provided with the tube, the sealed
tube placed in an individual zip-lock plastic bag, the samples placed in an
iced cooler. A blank sample shall then be prepared by breaking the ends of
a clean, fresh solid sorbent tube, sealing the ends with the red, plastic
caps accompanying the tube, placing a Tabel on the tube, and sealing the
tube in a zip-lock plastic bag, and placing it with the other tubes in an
iced cooler.

The sampled- air volume is then calculated for each pump based on the air
flow rate applicable to each pump and the time each pump operated. The
total volume of air sampled by each tube shall then be entered on the
chain-of-custody form accompanying the sample container.

Particul lin
The media to be used for this particulate sampling are pre-weighed, mixed

cellulose ester filter cassettes. The media will be obtained from the
analytical laboratory. Sampling locations will be selected on the day
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sample collection is to occur, and in many instances will correspond to the
solid sorbent tube sampling locations. A discussion of the proposed areas
for particulate sampling is in the Air Monitoring Plan (Volume 1B).

At each sampling location, a calibrated Gilian pump will be installed at an
elevation approximately five feet above ground, and generally away from
trees or obstructions, such as buildings. A pre-weighed filter cassette
will be Tabeled with a unique sampling number and the identification number
of the Gilian pump to which it is connected by tygon tubing.

When the sampling train is assembled and the pump started, a notation will
be made in the sample log book. Periodically during the sample period, the
pump flowrate shall be checked to ensure a continuous flow of air is being
drawn through the filter. If a pump failure occurs, the digital readout of
the pump clock should be noted and the time of operation observed. This
information should be noted in the sample log book together with the pump
number and the filter sample number.

For pumps which properly operate for the entire sampling period, the sample
shall be collected and the pump turned off at the end of the designated
sampling period. The digital readout of the pump should be noted along
with the time of operation in the field notes adjacent to the start time.

Each filter cassette shall then be disconnected from the pump, the plugs
replaced and sealed. The cassettes can be stored with other samples
awaiting shipment. A blank cassette sample shall then be prepared. The
plugs of the cassette shall be removed, no air will be drawn through the
cassette, the plugs shall be replaced and sealed. A label shall be placed
on the cassette and the cassette shall be placed with the other samples
awaiting shipment.
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The sample air volume is then calculated for each pump, based on the
applicable flowrate for each pump and the time of collection for each pump.
The total volume of air sampled by each cassette shall then be entered on
the chain-of-custody form accompanying the sample container.

5.3.1.4 Oxygen Content Monitoring

Portable oxygen monitors are invaluable when initially responding to
hazardous material spills or waste site situations. The monitors are
useful in screening ambient air, in locations such as unventilated room,
tanks, or storage areas where oxygen levels may not be sufficient to
suppart life. When used propef]y, the portable oxygen monitor will
indicate the percent oxygen present in the atmosphere sampled. Normal
oxygen concentration required for respiration is 20.9 percent.

The portable oxygen monitor has three principle components for operation:
the airflow system, the oxygen sensing device, and the microamp meter.
Typically the air is drawn into the instrument and through the oxygen
sensor with a built-in pump or aspirator bulb, although some instruments
employ a passive cell system. The sensor analyzes the sampled air and
emits an electronic signal which is translated by the microamp meter and
transmitted to a readout. Most monitors employ a light-emitting diode
(LED) readout system which indicates oxygen content within a range of 0 to
25 percent. Many instruments also are equipped with programmable alarms
which can be set to activate at specific oxygen levels.

When ambient atmospheres are monitored for oxygen level, the sampling
technician or engineer will check the operation of the instrument in
accordance with the procedures set forth in this plan. The technician or
engineer will then position the intake of the instrument in close proximity
to the area being sampled. Caution must be exercised to avoid exposure to
atmospheres where oxygen levels are deficient. Sampling for oxygen levels
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may require sampling personnel to operate in teams. Readings from within
areas surveyed by the technician or engineer are then logged in the
sampling logbook, with a notation of the time and the technician or
engineer completing the survey.

5.3.1.5 Combustible Gas Monitoring

In general, combustible gas detectors are used to determine the potential
for combustion or explosion in unknown atmospheres. These instruments, in
combination with oxygen detectors and radiation survey instrumentation,
should be the first monitors used when entering a hazardous area. These
measurements of ambient conditions obtained from these instruments provide
a general indication of the degree of immediate hazard to personnel and
permit the health and safety officer to make informed decisions on levels
of protection required at the site. However, the instruments are typically
not sufficiently sensitive to trace levels of hazardous or toxic compounds
which may represent significant health threats to workers, and therefore
must not be relied upon exclusively by personnel to determine the
appropriateness of protective equipment or attire.

A combustible gas indicator consists of three primary components: the
sensor (hotwire, catalytic, solid state, etc.), signal processor and
readout display. Typically, the sample is introduced to the sensor either
by diffusion into a passive sensor or by pumping the sampled gas through an
active sensor. The sensor produces a signal in response to combustible
gases in the sampled air, which signal is processed and displayed as the
ratio of the combustible gas present to the total required to reach the
Tower explosion limit (LEL).

The Tower explosive Timit (also LFL, Tower flammability limit) is defined
as the lowest concentration of gas or vapor in air which can be ignited by
an ignition source and cause an explosion or flame propagation. Conversely,
the upper explosive limit or UEL (also UFL, upper flammability limit) is
the concentration of gas in air above which there is insufficient oxygen
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available to support combustion, and an explosion is unlikely. A flame,
however, may burn at the gas-air interface or, should additional air enter
the mixture, a very explosive atmosphere may develop. In general, the
instruments respond in the following manner:

The meter indicates 50 LEL (50 percent). This means that 50 percent
of the concentration of combustible gas needed to reach an unstable
combustible situation is present. If the LEL of the gas is 5 percent
in air, then the instrument indicates a 2.5 percent mixture is
present.

The meter needle stays above 100 LEL (100 percent). This means that
the concentration of combustible gas is greater than the LEL and Tess
than the UEL and, therefore, immediately combustible and explosive.

The meter needle rises above the 100 LEL (100 percent) mark and then
returns to zero. This response indicates the ambient atmosphere has a
combustible gas concentration greater than the UEL.

0f the many instruments commercially available for detecting combustible or
explosive gas, some are not certified safe for operation within the
atmospheres indicated. Only those monitors that are certified safe for use
in atmospheres greater than 25 percent of the LEL should be utilized.

Some combustible gas monitors provide readouts in units of percent LEL,
while some instruments provide a readout in percent combustible gases by
volume. Several instruments are available which provide dual scaled
readouts. Many situattons may occur where the types of combustible gases
to be encountered are unknown. In such instances the more explosive the
calibration gas (the lower the LEL) the more sensitive the indication of
explosivity and thus the greater the margin of safety. The operator should
be familiar with the LEL concentrations for specific gases to effectively
use instruments that provide data in percent combustible (by volume) only.
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Although monitors can be purchased that are factory calibrated using gases
such as butane, pentane, natural gas, or petroleum vapors, methane
calibration is the most common. The LEL of methane is 5 percent by volume
in air, therefore, an air mixture containing 5 percent methane will be read
as 100 percent LEL and will be explosive if a source of ignition is
present. When combustible gases other than methane are sampled, the
relative response of the detector for these other gases must be considered.
Recalibration to other gases may be possible; the manufacturer’s
recommendations should be consulted prior to adjusting the calibration of
the instrument. The relative sensitivity of the detector and the
differences in LEL for different gases are typically set forth in the
literature accampanying the instrument. Actual correlation equations that
will convert the percent LEL (based on methane) read by the unit to a
percent LEL for another combustible gas can usually be found in the
operating manual. Many units also have alarm systems which can be adjusted
for various LELs and several are available that incorporate analyzers.

5.3.2 Soil Sampling Procedures

A number of techniques have been developed to obtain samples from various
depths below ground surface or in media such as sediment or sludge.
Techniques described herein are those normally employed by Canonie. These
techniques have been selected to provide practical, efficient, and
representative means of obtaining samples in a manner consistent with
health and safety considerations and QA/QC requirements. Additionally,
these techniques employ equipment and methodologies which are normally
utilized in geotechnical work.

The selection of sampling techniques to be employed at a given location or
under particular conditions is based upon the depth from which samples must
be obtained and the nature of the soils (or sediment or sludge) to be
sampled. The sampling techniques are categorized by the depths at which
samples are to be taken or the conditions prevailing at the time sampling
is initiated, as listed below:
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1. In-situ surface or shallow sampling;

2. In-situ deep sampling;

3. Sediment sampling;

4. Sludge sampling.
Maintaining proper records is a significant aspect of the sample collection
program. The entire sampling process is designed and conducted in a manner
that provides samples suitable for the intended analyses and are properly
documented to assure comparability at a later date. At the time samples
are obtained, the following information must be recorded by the sampling

team:

1. Sample site location (e.g., baseline station and offset, or
process or equipment item);

2. Depth or position;

3. Date and time of sampling;

4. Sample identification number;

5. Identification of sampler;

6. Analyses requested.
In addition to preserving pertinent information regarding the sampling, the
sample team must initiate chain-of-custody procedures, describe the sample
site in adequate detail to allow analytical results to be properly
interpreted, collect necessary duplicate samples to allow evaluation of

precision and representativeness, and provide sufficient information for
samplers to return to collect additional replicate samples at a later date,
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if necessary. Canonie will utilize pre-printed labels and standardized
record forms to expedite this documentation effort in the field and ensure
uniformity of records. The sampling protocols and recordkeeping
requirements for the techniques described in this Plan vary according to
sampling techniques. Additional requirements may also be established on a
site-specific basis based upon information obtained during sampling
episodes.

5.3.2.1 In-Situ Surface or Near-Surface Sampling

Objective: To obtain in-situ surface or near-surface samples suitable for
chemical analysis.

Approach: In-situ surface or shallow soil sampling will be conducted by
pushing prepared brass tubes into the soil by hand or with the
aid of a push rod. Samples may also be acquired by manually
driving a split-spoon sampler containing a brass tube insert
into the soil to the depth desired, and then withdrawing the
sampler.

Detailed Description:

Generally, a four-inch-long brass tube, which has been cleaned with an
Alconox wash and rinsed with distilled water and with electronic-grade
methanol and allowed to air dry, will be advanced into the media to be
sampled, at locations designated in the Sampling Plan, to retrieve a sample
for analysis. If the sample is to be obtained from the surface, the
sampler will remove the upper one to two inches of media just prior to the
insertion of the brass tube into the media. This final removal of
surficial media just prior to sampling will assure that concentrations of
volatile organics in the sample are representative of the in-situ media.
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When the tube has been driven and filled with the media to be sampled, the
sampler will withdraw the tube, cover the ends with aluminum foil or
Teflon™ tape, cap each end with a fitted plastic cap, and then tape the
ends of the tube to secure the caps to the tube for shipment. The sample
will then be 1abeled in accordance with QA/QC protocols given in this plan
and finally stored in an iced cooler for transport to the laboratory.

5.3.2.2 In-Situ Shallow Sampling

Objective: To obtain soil samples which reflect in-situ soil conditions in
the upper soil zones which are suitable for chemical analysis.

Approach: Samples representative of conditions which exist between
surface and 6 to 10 feet below existing ground surface will be
obtained by advancing a hand-operated auger into the soil to
the depth from which samples are required. A system consisting
of an auger bit, a series of drill rods, a "T" handle, and a
thin-walled tube corer are utilized to remove overburden and
then extract the soil sample. The auger bit, drill rods, and
"T" handle are used to bore a hole to the desired sampling
depth and then withdrawn. The auger bit is then replaced with
the tube corer, the corer and drill rods are lowered into the
borehole, and the corer is advanced into the soil to the depth
of completion desired. The corer and drill rods are then

- withdrawn from the borehole and the sample recovered from the
tube corer.

Detailed Description:

Upper soils may be sampled through the use of a drill rig using a procedure
similar to that discussed below in Section 5.3.2.3, In-situ Deep Sampling.
However, certain conditions may prohibit the mobilization of a drill rig
into an area to be sampled, or samples may be obtained more economically by
sampling personnel using hand augers. Sampling devices may vary, depending
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on the type of soil conditions anticipated or the depth to which sampling
must be completed. Sampling equipment may include of several types of
augers, such as a bucket type or continuous flight auger, or may include
posthole augers. Bucket type augers are useful in direct sample recovery
and provide a large sample volume. Continuous flight augers can be used to
collect samples from deeper zones, however, the soil sample is frequently
"disturbed", having been mixed with soil from several intervals in the
borehole. Samples can be taken directly from the flights, and continuous
augers are useful when a sample from the entire soil column is desired.
Posthole augers have limited utility for purposes of sample acquisition,
though posthole augers are particularly useful when the borehole must be
advanced through fibrous or heavily rooted soil zones. Where soil
conditions affect borehole stability, a temporary casing may be useful in
maintaining the open borehole to the sampling depth desired.

Typically, a hand-powered sampling system will be composed of various auger
bits, several drill rods, a "T" handle, and a tube corer. The auger bit
will be attached to one end of a drill rod and the "T" handle attached to
the opposite end. The auger assembly will then be advanced through the
soil at an identified soil sampling location. As the assembly is advanced,
the "T" handle may be detached, an additional length of drill rod added to
the first section of rod, and the "T" handle reattached to the assembly. It
may be advisable to remove the upper four to six inches of soil from around
the borehole to prevent this loose soil from falling into the borehole. As
soil is extracted from the borehole, the accumulated soils should be
removed to prevent it from accidentally re-entering the borehole.

After the assembly has been advanced to the desired depth, the entire
assembly is carefully removed from the borehole. The auger bit is removed
from the drill rod assembly, and the tube corer, thin walled tube sampler,
or split-spoon sampler is attached to the rods. The assembly is then
carefully lowered into the borehole and the sampler is advanced into the
soil to obtain the soil sample. The assembly is then removed from the
borehole, and the soil sample is retrieved from the sampler and placed into
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an appropriate sample container. Soil samples may be placed in brass tubes
or 8-ounce glass jars. The openings of the container are covered with
aluminum foil or with Teflon™, and the container then sealed and cooled to
4 degrees Celsius.

5.3.2.3 In-Situ Deep Sampling

Objective: To obtain soil samples which reflect in-situ soil conditions
and are suitable for chemical analysis from depths where health
and safety prohibit the collection of samples by individuals
entering the excavation, or where the soil is inaccessible to
sampling persannel.

Approach: Samples representative of conditions which exist at depth in
the subsurface will be obtained by advancing prepared brass
tubes into the media. The brass tubes will be inserted into
the split-spoon sampler in the instance where soils are being
sampled, and may be placed into a handheld sampling rod when
samples are to be retrieved from tank bottoms or test pits.

Detailed Description:

Generally four-inch-long brass tubes, which have been cleaned with an
Alconox wash and rinsed with distilled water and with electronic-grade
methanol and allowed to air dry, will be placed inside a split-spoon
sampler prior to assembly of the sampler and attachment of the sampler to
the drill rod. The sampler will then be advanced through the soils in the
borehole as described in ASTM D1586. Upon retrieval of the split-spoon
sampier from the borehole, the sampler is opened, and the brass tubes, now
filled with soil, are quickly removed from the sampler, the ends of the
tube covered with aluminum foil or Teflon™ tape, cap the covered ends with
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clean, fitted plastic caps, and then tape the ends of the tube to secure
the caps to the tube for shipment. The sample will then be labeled in
accordance with QA/QC protocols given in this plan and finally stored in an
iced cooler for transport to the laboratory.

Where handheld sampling rods are utilized, the brass tube may be clamped or
secured to the rod, and then the tube lowered to the location from which
the sample is to be acquired. After the tube has been advanced into the
media being sampled, the tube is retrieved and the sample secured inside
the tube by covering the ends with aluminum foil or Teflon™ tape, capping
the ends with tight-fitting plastic caps, and then taping the caps to the
tube. The sample is then labeled in accordance with QA/QC protacels and
finally stored in an iced cooler for transport to the laboratory.

5.3.2.4 Sediment Sampling

Objective: To obtain sediment samples from a pipe, stream bed, or bottom
of a non-flowing body of water which are suitable for chemical
analyses.

Approach: Samples representative of the sediment are collected through
direct access to the sediment, with collection utilizing
handheld tools, or through indirect access using long-handled
gravity corers, thin-walled piston sampler, or small, clam-

- shell samplers. Samplers are placed in brass tubes or
appropriate glass jars or vials.

Detailed Description:

Where surficial sediment samples are required for chemical analysis,
several methods may be employed to retrieve the samples, depending on the
location of the sediment and the depth of water overlying the sediment. In
the case of sediment in pipelines, the pipe may be entered (under
applicable health and safety guidelines), and the sediment scraped from the
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pipe invert and placed in appropriate sample containers. Where access to
the sampling location is not directly accessible, a collapsible, long-
handled tool may be utilized, or a dragline arrangement may be employed to
collect the sample and retrieve it to a location where access has been
made.

For streams and smaller bodies of water, sediments may be accessed by
wading into the water downstream of the sampling point and scooping up the
sediment sample with a trowel or grabbing a sample with a clamshell
arrangement. After the sample has been removed from the bottom, the sample
is quickly placed into the appropriate sample container and capped.

In instances where sediments are to be sampled in areas dtrectly
inaccessible to the reach of the sampler, sediments may be gathered using
small clamshell-type devices, corers, or piston samplers attached to
extended handles. Sampling technicians or field engineers may have to
utilize rafts or boats to safely access the sampling location. Sample
retrieval may have to occur slowly to prevent the sediment from washing out
of the sampling device. After bringing the sample out of the water, the
sampler must quickly transfer the sample to the appropriate sample
container.

Gravity corers usually consist of a metal tube with a replaceable, tapered
nosepiece on the lead end of the sampler and a ball or flap-type check
valve on the trailing end of the sampler. The check valve allows liquids
to pass through the corer on descent of the sampler, but prevents washout
of the sample when the device is raised during recovery of the sample. The
tapered nosepiece facilitates cutting of material and reduces core
disturbance during penetration. Gravity corers are generally useful in
collecting essentially undisturbed samples which represent. the profile of
sediment or sludge strata present. Depending on the density of the
sediment or sludge and the weight of the corer, penetration depths of up to
30 inches may be attained.
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A Ponar grab sampler may also be useful in sampling sediments or sludges.
The Ponar grab sampler is a clamshell-type scoop which is activated by a
counter lever system. The shell is opened and latched in place and then
slowly lowered to the depth from which samples are desired. The latching
device is then released, and the clamshell closes to enclose the sample.
The sampling device is then raised and the sample transferred to a sample
container. Ponar samplers are available in several sizes, some of which
may require a winch to raise and lower the sampler. Penetration depths are
again dependent on the density of the media to be sampled and the weight of
the sampler. Ponar samplers collect "disturbed" samples, and thus are not
useful when stratification or profiling information is desired.
Additionally, the sampling action of the Ponar sampler may cause a
suspension of sediment or sludge in the overlying liquid matrix.

Therefore, it is advisable to complete sampling of the overlying liquid
matrix prior to sampling the sediments or sludges.

Usually, the use of the gravity corers or Ponar samplers will require that
the sample be released into a container other than the final sample
container. A stainless steel tray is typically used. The sample is placed
into a clean tray and then a stainless steel spoon or trowel is utilized to
select an aliquot of the material and place the aliquot into the sample
container. In all cases, when sufficient sample volume has been retrieved
to fill the appropriate sample container or to complete the requested
analysis, the sample container must then be capped or closed, properly
labeled, and then stored in an iced cooler for transport to the laboratory.
Where sampling locations are difficult to describe, photographs of the
location may be appropriate to allow others to understand the position from
which samples were collected. Stakes and/or buoys may also be useful in
temporarily marking the locations of sampling activity.

5.3.2. lud mplin

Objective: To obtain samples of sludge from tanks, lagoons, or surface
impoundments which are suitable for chemical analysis.
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Approach: Samples representative of the sludge are collected through
direct access to the sludge, with collection utilizing hand-
held tools, or through indirect access using long-handled
gravity corers, thin-walled piston samplers, or small,
clamshell samplers. Samples are placed in brass tubes or
appropriate glass jars or vials.

Detailed Description:

Sludge sampling, in general, utilizes techniques which are identical or
similar to those utilized in sediment sampling. The detailed description
set forth above should be consulted, with field modifications instituted,
to obtain the desired sample.

5.3.2.6 Soil Cuttings

Soil cuttings generated during drilling operations will be placed into 55-
gallon DOT approved drums or containers and stored on-site until future
disposal is determined. The cuttings will be characterized prior to
disposal for the same chemical constituents as those being analyzed on the
site specific soil and/or ground water samples. The drums will be
carefully labeled at the time the cuttings will be containerized.

5.3.3 Ground Wat mplin

Ground water monitoring wells are placed to define the extent of a chemical
constituent plume, to monitor the natural background quality of the ground
water for purposes of recording the quality of the resource, or to measure
the effects on water level which production, extraction, or injection well
pumping may cause. New monitoring wells are often installed to provide
supplemental data to an existing database so that further conclusions may
be drawn about existing conditions or the appropriateness of potential
future actions. The rationale for deciding where the new monitoring wells
should be located is based upon the hydrogeologic information available,
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the need for more precise data in a particular area, the relative
concentrations exhibited in the subsurface through analysis of previous
data, the necessity to further refine the areal extent of various
concentrations, and the need to closely monitor the effects of remediation
activities upon the ground water.

Monitoring wells will be installed consistent with the program set forth in
the RI/FS Work Plan and approved by regulatory agencies having jurisdiction
over the project. Ground water samples will be obtained from the new and
existing monitoring wells, in accordance with the program set forth in the
Sampling Plan, to determine the impact which past activities have had on
the local environment and to monitor future impacts which remediation
activities will have on the hydrogeologic environment. Pre-printed labels
will be prepared for all ground water samples. Containers appropriate to
the type of analyses to be performed will be utilized, and the samples will
be analyzed for parameters selected and denoted in the Sampling Plan.
Information regarding preservation, sample container, and minimum volume
requirements is presented in Table 1 in Appendix B.

5.3.3.1 Well Sampling Sequence

Where more than one well within a specific well field or site is to be
sampled, the sampling sequence will begin with the well having the smallest
analyte concentration. Successive samples will be obtained from wells of
increasing analyte concentration.

If the relative degree of suspected contamination at each well cannot be
reasonably assumed, sampling will proceed from the perimeter of the site
towards the center of the site. The sampling sequence will be arranged
such that wells are sampled in order of increasing proximity to the
suspected analyte source.
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5.3.3. ipment Cleanin

Sample bottles, bottle caps, and septums will be thoroughly washed with
detergent, rinsed extensively with tap water, and then rinsed again with
high-purity deionized water. After washing and rinsing, sample bottles and
components will be dried at a temperature of 105 degrees Centigrade for a
period of one hour. Sample bottles, bottle caps, and septums will be
protected from all forms of solvent contact between the time of drying and
actual usage at the sample site.

Prior to purging or sampling each well, all equipment surfaces which will
be placed in the well or may come in contact with the ground water will be
cleaned to prev