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1.0 INTRODUCTION

1.1 PURPOSE

This work plan presents a detailed outline for FY 93 site characteriza-
tion activities to be conducted at the carbon tetrachloride contamination site
in 200 West Area of the Hanford Site in southeastern Washington. The carbon
tetrachloride contamination is the primary focus of both the Volatile Organic
Compounds-Arid Integrated Demonstration (VOC-Arid ID) and 200 West Area Carbon
Tetrachloride Expedited Response Action (ERA). The VOC-Arid ID is a tech-
nology development program to provide new technologies for cleanup of VOC,
such as carbon tetrachloride, at arid sites. The ERA is an environmental
restoration program to remove carbon tetrachloride from the unsaturated soils
in the 200 West Area. The site characterization activities in support of the
these two programs have been fully integrated throughout planning and imple-
mentation. This work plan provides the U.S. Environmental Protection Agency
(EPA) and the Washington Department of Ecology (Ecology) with the objectives
and scope of the unified FY 93 site characterization plan.

1.2 BACKGROUND

The VOC-Arid ID is a U.S. Department of Energy (DOE) program funded by
the Office of Technology Development that is targeted at the acquisition,
development, demonstration, and deployment of technologies for evaluation and
cleanup of VOC and associated contaminants in soils and grour waters of arid
DOE sites. The DOE contractors, national laboratories, universities, and
industry are participants in the program. New technologies will be
demonstrated in the areas of site characterization; performance prediction,
monitoring, and evaluation; contaminant extraction and ex situ treatment; in
situ remediation; and site closure and monitoring. The performance of these
technologies will be compared to baseline (i.e., conventional) technologies
and documented to promote the transfer of the new technologies to industry for
use at the Hanford Site and other DOE sites.

An ERA is a provision included in the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) that allows
accelerated cleanup activities to be undertaken at waste sites to abate
imminent hazards or to pi it significantly increased degradation of the
environment that might occur if action were delayed until completion of the
remedial investigation/feasibility study and the record of decision. The ERA
is implemented according to the requirements outlined in the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al.
1989), Part 3, Article XIII, Section 38), and in accordance with 40 CFR
Part 300, Subpart E.

In December 1990, the EPA and Ecology requested the DOE, Richland Field
Office (RL) to proceed with detailed planning, including nonintrusive field
work required to implement the ERA for the carbon tetrachloride contamination
in the 200 West Area. The request was made based on concerns that the carbon
tetrachloride residing in the soils was continuing to spread to the ground
water and, if left unchecked, would significantly increase the area of ground
water contamination.
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Figure 1. Location of the VOC-Arid ID/ERA Site.
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The carbon tetrachloride disposal sites, located near the PFP in the
200 West Area, are: the 216-Z-9 Trench; 216-Z-1A Tile Field; and 216-Z-18
Crib (Figure 3). The 216-7Z-9 Trench was used from 1955 to 1962 to receive all
organic and aqueous waste from the Recuplex facility. Organic and aqueous
waste from the PRF was discharged to 216-Z-1A Tile Field from 1964 to 1969 and
to 216-Z-18 Crib from 1969 to 1973. Discharge of carbon tetrachloride o the
soil column was discontinued in 1973.

Estimates of the volumes and quantities of various liquids and contami-
nants discharged to the three carbon tetrachloride disposal sites are summar-
ized in Table 1. A total of 363,000 to 580,000 L of carbon tetrachloride is
estimated to have been discharged to the soil column between 1955 and 1973.

Table 1. Contaminant Inventory in Carbon Tetrachloride Liquid
Waste Disposal Sites.

Contaminant 216-2-9 216-7-1A° 216-1-18
Carbon tetrachloride (L) 83,000-300,000 170,000 110,000
Plutonium (kg) 106° 57 23
i ricium (kg) 2.5 1 -0.4
Total Liquid (L) 4.09 x 10° 5.2 x 10° 3.96 x 10°
Period of Use 1955-1962 1964-1969 -1973

aFrom 1949 to 1959, the 216-Z-1A Tile Field received approximately
1 x 10° L of slightly bas1c, aqueous waste via overflow from associated
216-Z-1, -2, and -3 Cribs prior to disposal of PRF waste. From 1964 to
1969, PRF wastes were discharged directly to 216-Z-1A.

58 kg were later removed.

Boy 10les were drilled ‘om 1949 to 1978 © characterize/monitor the
three carbon tetrachloride disposal sites, primarily with regard to the
radionuclide concentrations. Six boreholes were installed in FY 92 as part of
the VOC-Arid ID/ERA characterization program. Fifty-two boreholes are poten-
tially available in the vicinity of the carbon tetrachloride disposal sites
for additional characterization, monitoring, and remediation (Figure 3).
Construction details for these boreholes are summarized in the ERA proposal
(DOE-RL 1991, Appendix C) and the FY 92 characterization status report (Rohay
et al. 1992).
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3.0 FY 93 SITE EVALUATION PLAN

The FY 93 site characterization work covers the unsaturated and
saturated zones, and includes drilling operations, aquifer testing, effluent
pipeline evaluations, various nonintrusive sampling operations, and expanded
data compilation. This section outlines the site characterization objectives
and describes the specific tasks planned to accomplish them. The sampling and
analysis plan and health and safety plan are included in the appendices.

Although this work plan describes all the FY 93 site evaluation tasks
planned to accomplish the site characterization objectives, individual tasks
will be prioritized in accordance with funding requirements, recommendations
by the Characterization Technical Support Group to the VOC-Arid ID, and
determination that existing information is sufficient. Some tasks may be
deferred to other programs. Task decisions will be recorded in the FY 93 site
characterization task status report.

3.1 OBJECTIVES

The FY 93 site evaluation tasks are focused on the unsaturated zone
directly beneath the carbon tetrachloride disposal sites and on the ground
water in the vicinity of the carbon tetrachloride disposal sites. The primary
purpose of the site characterization and evaluation activities outlined in
this work plan is to refine the conceptual model of the site, both to aid
development and testing of new technologies and to optimize removal of the
carbon tetrachloride. Other objectives of the site characterization work
include monitoring the performance of remedial actions (including remedial
technology demonstrations); providing samples to support technology demonstra-
tions; and demonstrating and using new characterization and monitoring
technologies. Each of these objectives is discussed below.

3.1.1 Refine Conceptual Model of Site

Critical aspects of the model include descriptions of: (1) the nature
and extent of the contamination; (2) the preferential transport pathways and
rates (i.e., the hydrogeologic model); and (3) the behavioral characteristics
of the wastes.

3.1.1.1 Nature and Extent of Contamination. Describing the nature and extent
of contamination includes determining the identity, phase, concentration, and
current distribution of the individual contaminants. This information is
fundamental for identifying technology needs and for designing effective
remedial actions.

3.1.1.2 Preferential Transport Pathways and Rates. Determination of the
preferential transport pathways and rates is needed for both the unsaturated
zone and unconfined aquifer, and requires defining the hydrogeologic model.
Particular emphasis is on identifying the physical, chemical, and microbio-
logical parameters of the subsurface environs that affect transport and on
describing the spatial variability of these parameters. This information is
needed to support predictive modeling (simulation) of the unsaturated zone in
the vicinity of the carbon tetrachloride disposal facilities.

11
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3.2.3 Provide Data to Support Technology Demonstrations

The selection and success of new technologies are dependent on under-
standing the physical, chemical, and/or microbial constraints of the subsur-
face environment, and the nature, distribution, and concentration of the
contaminants. For example, the high permeability of the unsaturated zone may
be favorable to vapor extraction technologies; but the same coarse, unconsoli-
dated, clast-supported gravels inhibit some advanced drilling technologies.
Likewise, the nature and concentration of the contaminants may favor some
sensor technologies over others, and/or may be more suitable to some in situ
remediation technologies (e.g., bioremediation) than others. Virtually all
data collected during site characterization will be useful in selecting and
evaluating various new technologies. Site-specific data and samp 2s requested
by principal investigators of new the te:r nologies are collected during soil
gas surveys, drilling and sampling of crib boreholes, and drilling of a deep
ground water well. Data from these tasks will also be used to support the ERA
activities (e.g., vapor extraction system design and wellfield design).

The technology support needs identified to da- inclur : col’! :tion of
soil samples to support the in situ bioremediation and supercritical fluid
extraction/field transportable detection technc >gy demonstrations; access to
a number of isolated screened intervals to support sensor technology demon-
strations; and analytical data on the concentration of co-contaminants
(principally the phosphonates and phosphates) that may affect sensor perfor-
mance. Other technology support needs are expected to arise as the technology
demonstrations mature.

3.2.4 Demonstrate and Use New Characterization
and Monitoring Technologies

Before new technologies can be adopted for environmental restoration
work, including site characterization, they must compare favorably to the
conventional technologies in terms of safety, speed, reliability, accuracy,
economy, and/or feasibility. Data collected during site characterization
activities using conventional technologies is thus needed as the baseline for
evaluation of the new technologies. The specific data needed will depend on
the technology being demonstrated. In addition, new technologies are tested
as part of site characterization to evaluate their utility.

3.3 DATA QUALITY NEEDS

The EPA has devised a classification of analytical levels for
contaminant data (EPA 1987):
o Level I consists of field screening methods
e level II entails more advanced on site analytical techniques
¢ Level III pertains to standard laboratory program procedures

e Level IV consists of EPA Contract Laboratory Program (CLP)
procedures

e Level V pertains to specially developed procedures where standard
methods are not available or where a high degree of analytical
sensitivity is required.

15







WHC-SD-EN-AP-109, Rev. 2

3.4.1 Field Invest' tion Tasks

Field investigation tasks are composed of the following:

e Source Term Characterization
- Evaluate effluent pipeline integrity
- Investigate source of secondary ground water maximum
- Assess artificial recharge
* Conduct Soil Gas Surveys
- Map lateral distribution of VOC
- Estimate VOC vapor flux from soils
- Map vertical distribution of VOC
Conduct Geophysical Surveys
Existing Well Investigations
- Borehole geophysical logging
- Evaluate integrity of old wells
- Sample selected wells
e New Well Investigations
- Crib wells
Deep ground water monitoring well
Chemical analyses
Physical analyses
Microbiological analyses
- Technology demonstration boreholes
Sample Ground Water.

3.4.2 Laboratory Studies

Laboratory studies include the following:

e Geochemical
e Soil Physics/Waste Characteristic.

3.4.3 Data Management and Evaluation Tasks

Data management and evaluation tasks include the following:

e [ ° Management, Integration, Presentation

. ! - | Modeli

e Data raluation
- Refine conceptual model
- Evaluate efficiency of remedial actions
- Assess risk.

3.4.4 Technology Demonstrations Support

Technology demonstrations support includes the following:

e Miscellaneous Support to Technology Demonstrations
o Support Characterization Technology Demonstrations.

17
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3.5.2 Conduct Soil Gas Surveys

The objective of this activity is to map the lateral and vertical
distribution of carbon tetrachloride and other selected VOC in the vicinity of
and away from the three disposal sites. This information will support
determination of the nature and distribution of the contaminants and will
prc de baseline di¢ 1 for comparison of soil gas and sensor technologies. The
general distribution of the soil gas concentrations will be compared to the
locations of the disposal facilities and the ground water concentrations.

The scope of this task includes the lateral and vertical distribution of
VOC in the unsaturated zone and VOC flux at the soil-air interface.

3.5.2.1 Map Lateral Distribution of VOC. New soil gas surveys will be con-
ducted to complement previous soil gas surveys. A total of 150 to 530 soil
gas sampling points have been planned (Last and Rohay 1992). Twenty-two
points were installed in FY 91 and 60 points were installed in FY 92. In

FY 93, approx1mate1y 40 points will be installed (some through asphalt) to
def1ne the maximum extent of detectable VOC (>0.02 ppm carbon tetrach]or1de)
Figure 5 illustrates the location of the soil gas points.

The sampling points consist of expendable (left-in-place) tips installed
to a depth of approximately 1.2 m. New points will be completed in such a
fashion a. to prevent intercommunication with the atmosphere (i.e., a surface
seal of bentonite or other suitable material will be installed). The concen-
trations of VOC will be measured at least once at all new and existing soil
gas points using a gas chromatograph (GC) and field screening instruments
(e.g., photoionization detector [PID], organic vapor monitor, Odyssey).
Empirical correlations will be established between the GC and field screening
results. Alternative analytical methods (e.g., ion-trap) may be demonstrated.
Oxygen and carbon dioxide levels will be measured using field instrumentation
as possible indicators of biological activity.

If possible, continuous monitoring of selected ports will be conducted
to establish the time variant behavior of VOC concentrations to assist
selection of the periodicity of routine monitoring.

3.5.2.2 Estimate VOC Vapor Flux From Ambient Soil Surface. Passive soil gas
technnlngies will be used to estimate the vapor flux from the soil-air

sur . These * :hnologies will a° ) contim to be ‘raluated for 1 as
pro_, __:ing and/or monitoring tools.

3.5.2.3 Map Vertical Distribution of VOC. Existing wells of various depths
will be sampled for VOC vapor concentrations. Existing perforated intervals
and some new perforated intervals will be packed off and sampled. If
available, a cone penetrometer will be used to conduct vertical profile
sampling, and/or install deep soil gas ports for monitoring purposes. The VOC
vapor concentrations will be measured using both GC and field screening
instrumentation.

19
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If the data obtained by deepening these two wells are not sufficient
(e.g., if no co-contaminants are encountered), new wells may be installed to
investigate the contaminant characteristics at the crib bottoms and in other
radiologically contaminated areas. The new wells may be drilled within the
existing crib boundaries. If needed, these wells will be described in the
work plan for FY 94 site characterization activities.

3.5.5.2 1Install Deep Ground Water Well. The objective of this subtask is to
obtain data on the nature and distribution of contaminants in the aquifer in

the vicinity of the disposal facilities, and to obtain data on the lithology,
geochemistry, hydrology, and microbiology of the aquifer materials.

This subtask involves the drilling of a deep well to - e top of basalt
(160 m). This well will be located within the vicinity of the 216-Z-9 Trench,
but outside of its radiological unsaturated zone plume, to characterize the
distribution of carbon tetrachloride within the unconfined aquifer as related
to wells 299-W15-6 and 299-W15-8 as possible conduits for carbon tetrachloride
migration. Figure 6 illustrates the proposed location of this deep well.
Other existing wells may be deepened or at least cleaned out to their original
depth to provide data on contamination at depth within the unconfined aquifer.
Lithologic samples, soil gas samples, and depth-discrete water samples will be
collected. Geophysical logging using gross gamma, spectral gamma, and/or
other tools will be performed. Aquifer tests will be conducted so as to not
produce large volumes of purge water (e.g., slug interference testing).

The well will be drilled by telescoping the temporary casing to seal off
any perched water and to prevent the downward propagation of contaminants to
deeper levels. Completion details for the deep well are dependent on the
results of the depth-discrete ground water samples.

An onsite geologist will examine and qualitatively describe all core and
borehole cuttings according to a regimented protocol for grain size, CaCOs,
lithology, and moisture. Al1 borehole cuttings and samples will be screened
for VOC using organic vapor monitoring instruments.

Soil samples (via drive barrel where possible) will be collected every
1.5 m and at lithologic, moisture, and/or contaminant changes. Split-barrel
samples will be collected approximately every 6 m for determination of carbon
tetrachloride concentrations. Other split-barrel samples may be collected
where screening analyses of the well cuttings and/or soil samples indicate the
presence of VOC. In addition, split-barrel samples (representing the range of
unsaturated zone hydrogeologic units) will be collected to support the testing
of a centrifuge for unsaturated zone transport measurements and to support the
testing of supercritical fluid extraction technology. Special split-barrel
samples will be collected to support the characterization of subsurface micro-
bial populations pursuant to testing of biological treatment technologies.

The unsaturated zone will be sampled in situ for soil gas vapors and
tested for air permeability using a SEAMIST system (Rohay and Mclellan 1992)
or other technologies (e.g., Bore Sampler). The in situ soil gas samples will
be analyzed for VOC, including carbon tetrachloride and chloroform, using a
GC. Soil gas samples may be collected with time during air withdrawal tests.

25
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Ground water samples may be analyzed for pH, TOC, TOX, specific
conductance, VOC, semivolatiles and other organic compounds, metals, anions,
and cations. Target constituents are presented in Table 4.

3.5.5.5 Conduct Microbiological Analyses. Aseptic split-barrel samples will
be collected for microbiological analyses based on recommendations from the in
situ bioremediation technology team.

3.5.5.6 Drill Technology Demonstration Boreholes. Two boreholes will be
drilled as part of technology demonstrations for in situ treatment tasks of
the VOC-Arid ID. One will be in support of the In Situ Biological Treatment
of Hanford Groundwater task, and one will be in support of the In Situ
Heating/Corona Destruction task.

The in situ bioremediation task is directed toward demonstrating bio-
degradation of carbon tetrachloride in ground water. Aseptic split-barrel
samples will be collected for microbiological analyses to characterize the in
situ microbial populations and the conditions under which they degrade carbon
tetrachloride. Sampling will be conducted to better define the relationship
between sediment properties and microbiologic population distribution and to
assess the hydrologic properties of the sediments governing hydrologic trans-
port in the saturated zone.

During FY 93, bioremediation well 299-W11-32 will be drilled at the in
situ bioremediation demonstration field site in the 200 West Area between
241-T Tank Farm and 221-T Plant, where two bioremediation boreholes,
299-W11-29 and 299-W11-30, have already been installed (Figure 7). The in
situ bioremediation field site, west of T Plant, is approximately 1.6 km
northeast of the carbon tetrachloride disposal sites (Figure 2) and lies
within the dissolved carbon tetrachloride ground water plume. The new well
will be located between the two existing wells shown in Figure 7. The new
well will have three separate screened intervals placed between 73 and 93 m
below land surface. Additional multi-screened wells are planned, but will not
be constructed this fiscal year.

Well 299-W11-32 will have a twofold purpose. First, samples will be
collected to characterize the hydrogeology of the demonstration site; aquifer
tests will be conducted to characterize the hydraulics of the hydrologic
system; and samples |1 be collected to ‘iaracterize the emistry of the
sediments and groun iter. Secit 1ly, the completed well will be used as part
of the network of wells with which the in situ bioremediation of carbon
tetrachloride will be implemented and monitored.

During drilling, geologic samples will be collected by core barrel or
split-barrel samplers every 1.5 m and after a major 1lithologic change is
encountered. In addition, samples collected every 1.5 m will be submitted for
geotechnical analyses including sediment grain-size distribution, 1ithologic
description, calcium-carbonate content, moisture content, saturated hydraulic
conductivity, bulk density, particle density, water suction potential, and
porosity. Not all analyses will be conducted on every sample collected. A
suite of samples will also be collected with the microbiologic samples to
characterize the chemistry of the sediments and ground water. Borehole
geophysical logs will be run to provide data on the subsurface distribution of
Tithologic units. Geophysical surveys may include: natural gamma log,
neutron-epithermal neutron, density, and fluid temperature.
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After the well has been completed, aquifer testing will be conducted to
determine aquifer hydraulic properties. Test methods will include standard
hydrologic techniques such as slug (single-well) and constant rate pumping
tests, as well as state-of-the-art slug or pulse interference methods. The
single-well tests are planned for each of the two existing wells, 299-W11-29
an? 299-W11-30. The multiple-well interference tests will include all three
wells.

Ground water samples will be collected from each screened interval in
the new well using submersible pumps or bailers. Unstable hydrochemical
parameters, such as pH, Eh, oxygen content, and alkalinity will be determined
in the field at the time of sample collection.

Tracer testing will be conducted in selected wells and monitoring
intervals to further refine the understanding of the hydrologic and transport
properties of the unconfined aquifer. Initial testing will consist of the
standard borehole-dilution tracer techniques; dynamic cross-hole tracer tests
will also be considered.

Installation of a new well is planned to support field testing of an in
situ heating technology. Tentative plans are to conduct the field test at a
site of volatile organic contamination near the fire station in the 300 Area.
The proposed well would be approximately 15 m deep. Details on the construc-
tion and sampling will be provided in the test plan for this activity.

3.5.6 Ground Water Sampling

The objective of this task is to monitor concentrations of VOC in ground
water from wells in and around the three disposal sites and at the perimeter
of the ground water plume. In addition, the vertical distribution of such
compounds within the aquifer will be further investigated wherever feasible.

The scope of this task includes obtaining ground water samples from
existing wells and from any new wells drilled during FY 93. If necessary,
sampling pumps and/or packers will be installed and wells will be rehabili-
tated. The data will be integrated with the results from the ongoing Hanford
Site ground water monitoring programs.

_ound water samples will be collected from approximately 26 wells. The
initial Tist of wells to be sampled (Table 5) was chosen based on sampling
conducted during FY 91 and FY 92 and in coordination with other ground water
monitoring programs. At the discretion of the project scientist or field team
leader, wells may be added or subtracted from this 1ist based on results of
current sampling. Sampling during FY 93 will occur twice, once in November
and once in May.

Ongoing Hanford Site ground water monitoring programs that include
200 West Area wells are: (1) the Operational Ground Water Monitoring Network,
(2) the RCRA program, (3) the 200 West Aggregate Area Management Study under
CERCLA, (4) any ground water monitoring required by liquid waste discharge
permits, and (5) Pacific Northwest Laboratory site-wide monitoring. The vari-
ous sampling efforts are coordinated by the Operational Ground Water Program.
Table 5 indicates which wells are already being sampled under an existing
program. Duplication of sampling efforts will be avoided whenever possible.

29



WHC-SD-EN-AP-109, Rev. 2

Ground water sampling from discrete zones at varying depths will be
conducted in existing wells that have a suitable screened interval within the
aquifer. Based on the FY 92 well evaluation (Rohay et al. 1992), it is recom-
mended the sampling be conducted from the bottom of the screened interval in
well 19-W15-6 to assess the extent of the carbon tetrachloride contamination
encountered there. Well 299-W15-5 is scheduled for sampling in October 1992.
Other wells that may be suitable for further investigation of the vertical
distribution of organic compounds in the aquifer include 299-W18-1 and
299-W18-3. This work will be coordinated with the vertical profiling of
ground water contaminants being conducted by the 200 :st Aggregate Area
Management Study during FY 93.

Table 5. Ground Water Wells to be Sampled.

Well Responsible Program
299-W7-4 RCRA
299-W7-5 RCRA
299-W10-4 N/A
299-W10-15° RCRA
299-wl10-17° RCRA
299-W10-18° RCRA
299-W11-28° RCRA
299-W14-12° RCRA
299-W15-6 200 West Aggregate Area Management Study
299-W15-8 Operational Ground Water Monitoring Network
299-W15-12 N/A
299-W15-16° RCRA
299-W15-22° RCRA
299-W18-2 N/A
299-W18-9° N/A
299-W18-17 Operational Ground Water Monitoring Network
299-w18—20a Operational Ground Water Monitoring Network
299-W18-25 RCRA
299-W18-29 RCRA/Operational Ground Water Monitoring
299-W18-30° Network RCRA
299-W19-32° RCRA
299-W23-13° RCRA
699-38-70 N/A
699-39-79 N/A
699-43-88 N/A
699-49-79 N/A

®VOA samples added for November and May sampling.
®Bailed sample.

Ground water samples will be analyzed for VOC using a gas chromatograph/
mass spectrometer (GC/MS) in the laboratory and/or with portable field
screening equipment, if feasible. Samples from wells that have carbon
tetrachloride concentrations at or below 5 ppb (e.g., 699-43-88 and 699-49-79)
will be analyzed using a more sensitive GC method. In-well sampling will be
conducted, if feasible, using a permeation sampler.
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3.6 LABORATORY STUDIES

Soil physics and geochemical laboratory studies will be conducted to
define some of the basic behavioral properties of the carbon tetrachloride
waste in the site soils. This information will contribute to the refinement
of the conceptual model; to predictive deling of contaminant transport; and
to the design of effective remediation strategies. Conduct of these studies
is dependent on the FY 93 funding levels.

3.6.1 Soil Physics/Waste Characteristic Studies

The objective of these studies is to characterize the distribution,
transport, and behavior of fluids and vapors in the unsaturated zone.

The scope of this work includes both laboratory experiments and computer
simulations, using liquid organic waste mixtures, particularly those contain-
ing carbon tetrachloride, carbon tetrachloride vapor, and subsurface condi-
tions similar to those encountered in the 200 West Area.

3.6.1.1 Retention of Organics. The objective of this subtask is to measure
the retention of liquid organic waste mixtures in porous media as a function
of water content. A unique air-organic-water retention cell will be con-
structed that will be able to measure the retention of fluids by capillary
forces. The cell, which will be connected to vacuum-pressure regulators and
burets, will be packed with sedii 1ts similar to those of the 200 West A1 1
and saturated with varying amounts of water and liquid organic mixtures. The
liquid organics will then be extracted from the cell at a constant rate
through chemically treated ceramics until the organic 1iquid phase appears to
be immobile. The organic liquid content remaining in the porous media will be
determined via mass balance. The data can be used to determine how much
organic liquid will drain from the Hanford sediments toward the water table.

3.6.1.2 Transport of Vapors. The objective of this subtask is to evaluate
the potential of carbon tetrachloride vapors to move throughout the subsur-
face. The advective movement of fluid is a result of a pressure difference in
the fluid phase and the influence of gravity. When the fluid is a gas, the
gravity component is typically neglected. However, when liquid organic wastes
contain dense VOC, such as carbon tetrachloride, the gaseous phase adjacent to
where volatilization is occurring mav be denser than ambient gaseous-phase
dens...es. This density difference .1y e...ince the downward movement of
contaminant molecules, which can significantly affect the rate and extent by
which ground water becomes contaminated. The other major mechanism by which
contaminant molecules can move through the subsurface, other than advective
flow, is chemical diffusion, where chemical diffusion is the spreading of
contaminant molecules because of a spatial concentration difference. Under
this subtask, the movement of carbon tetrachloride vapor molecules because of
diffusive and advective processes will be evaluated. This will involve both
laboratory and computer investigations. In the laboratory, the diffusion of
carbon tetrachloride will be measured in Hanford sediments. The effects of
organic 1iquids co-disposed with carbon tetrachloride on carbon tetrachloride
volatilization will also be measured. Computer investigations will focus on
forecasting the subsurface behavior of carbon tetrachloride vapors. A
predictive computer tool will be adapted to model advective and diffusive
gaseous movement.
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a significant effect on the distribution of the carbon tetrachloride by
permitting it to move down dip on this unit of lower hydraulic conductivity.
The quantity of carbon tetrachloride percolating into the Plio-Pleistocene may
also be reduced.

Work accomplished in FY 92 treated three-phase flow in the subsurface,
i.e., the flow of liquid water, liquid carbon tetrachloride, and gas (air).
SAMFT2D has the capability of dealing with carbon tetrachloride vapor as well,
i.e., three-phase flow plus carbon tetrachloride vapor. In FY 93, SAMFT2D
will be employed in a three-phase mode to simulate the movement and distri-
bution of water, air, and carbon tetrachloride vapor and liquid. This will
result in a more realistic simulation since carbon tetrachloride has a high
vapor pressure and can be expected to readily move in the gaseous state.
Three-phase simulation will provide information as to the extent that carbon
tetrachloride may have moved in its liquid and gaseous forms. This simula-
tion will provide input for air flow models being used for wellfield design
and can be expected to complement the analyses that those models can perform.

As with any modeling effort, the simulations are dependent on informa-
tion obtained during the field investigations. In this regard, close contact
will be maintained with those performing field activities to maximize the
information obtained.

3.8.2 Engineering Simulator

This work is being conducted in support of treatment technology
demonstrations and is covered under a separate scope of work within the VOC-
Arid ID, but is included here for completeness. The Engineering Simulator is
a predictive modeling tool to aid both in remediation selection and design and
in process control, optimization, and performance evaluation during remedial
operations. The activities to be conducted include: (1) application of the
predictive modeling tools to support the field design, operations, and data
evaluations of VOC-Arid ID technology demonstrations; (2) assess the impact of
subsurface spatial heterogeneity on proposed remediation technologies; (3)
evaluate the technical and regulatory effectiveness of remedial technologies
being demonstrated; and (4) develop and test the Engineering Simulator within
the end-user community. :

3.9 DATA EV/ IATION

The purpo: of si- data evaluation is threefold: to furtt ' refine the
conceptual model of the site and carbon tetrachloride behavior; to evaluate
the risks associated with contamination present at this site; and, to evaluate
the effectiveness of remedial actions.

Site data will be integrated and evaluated to refine the current hydro-
geologic conceptual model and the conceptual understanding of carbon
tetrachloride behavior. The nature and distribution of contaminants will be
refined and compared from pre- and postremedial actions. Hydrostratigraphic
units will be delineated, along with unsaturated zone and ground water flow
paths and rates. The conceptual understanding of multiphase flow will be
evaluated, along with sorption and other contaminant transport parameters and
microbial species and populations.
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This task is designed to produce the reports described in Chapter 4 of
this work plan.

3.10 SUPPORT TECHNOLOGY DEMONSTRATIONS

The objective of this task is to provide the principal investigators of
new technologies with specific site data, samples, and/or other needs to
support the development and/or demonstration of their technology.

3.10.1 Miscellaneous Support to Technology Demonstrations

Miscellaneous support to technology demonstrations includes the dissem-
ination of existing site data on an as-needed basis, the collection of
specific site data and/or samples, and acquisition or access to specialized
equipment needed to support the technology demonstrations. The support needs
identified to date include: collecting soil samples to support the bjoremed-
iation and supercritical fluid extraction/optical detection (SFE/OD) technol-
ogy demonstrations; providing access to a number of isolated screened inter-
vals to support sensor technology demonstrations; and collecting analytical
data on the concentration of co-contaminants (principally the phosphonates and
phosphates) which may affect sensor performance. Other support needs are
expected to arise as the technology demonstrations mature.

The sample needs i :ntified to date include: three aseptic soil cores
of the aquifer material and three of the early "Palouse" soil horizon to
support bioremediation technology demonstrations; small (50-g) samples of all
nonradiologically contaminated horizons and up to three bulk (15- to 20-L)
samples to support the SFE/OD technology demonstrations. The tasks that will
directly address these needs include the drilling and sampling of new wells
(and installation of multiple-screens in the unsaturated zone wells) and the
chemical analysis of soil gas samples from these wells.

.10 2 Support to C! ‘:acterization and Monitoring
Technology Demonstrations

ata collected from the field investigation tasks will be used for
comparison to data collected during the demonstration of new site character-
izatit and monitoring technologies. Efforts will be made to provide oppor-
tunities for demonstration of new technologies during the characterization
activities to allow evaluation of the new technologies relative to speed,
reliability, accuracy, and economy. In addition, the data will provide a
useful means of evaluating changes in the contaminant distributions induced by
the ERA, remedial technology demonstrations, and other natural and/or human-
induced stresses to the subsurface environment.

This task also includes support of the site characterization technical
support group, identification of site characterization and monitoring technol-
ogy needs, and review of the principal investigator technology test plans and
evaluation reports. Included in this subtask is travel and preparation of
presentations essential for attracting innovative technologies and external
peer review of the technology demonstrations.
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4.0 REPORTING/DELIVERABLES

The results from the FY 92 site evaluations will be compiled and inte-
grated with existing data and with data collected in support other Hanford
Site programs. These data and the resulting interpretations will be displayed
in cross sections, maps, and tat 2s that illustrate the nature and distribu-
tion of contaminants, the site characteristics (geology, hydrology, geochem-
istry), and the behavior of carbon tetrachloride and other contaminants in the
system. A final report on the results of the FY 92 site evaluation will be
submitted at the end of January 1993. A technical journal article will be

prepared on the FY 92 results and submitted for external peer review by April
1993.

A similar report will be prepared for the work completed during FY 93.
A report presenting the status of the FY 93 activities and the resulting data
will be submitted at the end of September 1993. The final report, including
data evaluations, will be submitted at the end of March 1994.

5.0 SCHEDULE

The tentative schedule for completing the FY 93 site evaluation
activities is presented in Figure 8.
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APPENDIX A
VOLATILE ORGANIC COMPOUNDS-ARID INTEGRATED DEMONSTRATION
(VOC-ARID ID) AND 200 WEST AREA CARBON TETRACHLORIDE
EXPEDITED RESPONSE ACTION (ERA)
SAMPLING AND ANALYSIS PLAN
PART 1 - FIELD SAMPLING PLAN

PART 2 - QUALITY ASSURANCE PROJECT PLAN
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1.0 SITE BACKGROUND

This field sampling plan addresses the new well drilling and sampling
activities to be conducted as part of the FY 93 Volatile Organic Compounds-
Arid Integrated Demonstration (VOC-Arid ID)/200 West Area Carbon Tetrachloride
Expedited Respon: Action (ERA) si- characterization. Background information
on the site can be found in Section 2 of the work plan.

2.0 SAMPLING OBJECTIVES

Field investigation tasks were described in Section 3.5 of the work
plan. Details regarding the sample locations, frequencies, and analyses for
each task are included in Section 3.5 or will be included in individual test
plans, statements of work, letters of instruction, work orders, or internal
memoranda. Field conditions may preclude sampling at pre-defined locations,
intervals, or frequencies. Changes in sample locations, intervals, or fre-
quencies may be made at the discretion of the well site geologist.

Three unsaturated zone boreholes are planned for FY 93. Two existing
boreholes will be deepened, and one new angled crib well drilled to investi-
gate contamination in the unsaturated zone directly beneath the carbon tetra-
chloride disposal sites. If sufficient funds are available, one deep ground
water well will be drilled to investigate the vertical distribution of carbon
tetrachloride in the unconfined aquifer in the vicinity of these carbon
tetrachloride disposal facilities. One new bioremediation ground water well
will be installed to characterize site conditions at the in situ bioremedia-
tion demonstration field site and to conduct and monitor the bioremediation
demonstration. These investigations are summarized in Table FSP 2-1.

3.0 SAMPLE LOCATION AND FREQUENCY

Tables FSP 3-1, 3-2, 3-3, 3-4, and 3-5 show approximate borehole
sampling depths and frequencies for the five boreholes. These locations and
number of samples may change based on actual field site conditions, ability to
collect representative samples, and updated data needs as identified by
project personnel.

4.0 SAMPLE DESIGNATION

Each sample interval will be assigned a unique Hanford Environmental
Information System (HEIS) sample number. HEIS numbers for samples going to
Data Chem and PNL laboratories will be assigned by Pacific Northwest
Laboratory (PNL). These include soil and ground water VOA, SVOA, and chemical
samples. The soil subsamples to be analyzed for chemicals will keep the HEIS
number of the original sample liner. If more than one subsample is collected
for the same analysis in the sample interval, each subsample will have a
different HEIS number. A1l ground water samples from the same sampling
Tocation will have the same HEIS number. HEIS numbers for all other samples
will be assigned by the field geologist. The HEIS numbers will be used on all
documentation of the samples.
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Chain-of-custody forms going to analytical laboratories will have only
the original chain-of-custody number, date/time of collection, sampler, HEIS
number, preservative method, and possible sample hazards/remarks transferred
onto them. No information about the well will be provided to the analytical
laboratories. A1l new chain-of-custody numbers will be noted on the original
chain-of-custody forms.

5.4 WELLHEAD MONITORING AND FIELD SCREENING

Wellhead monitoring and field screening of drill cuttings will be
performed at a minimum of once each 1.5-m interval. Because of variable VOC
readings on Arill cuttings due to atmospheric conditions, screening of drill
cuttings wi' be done from the sediment pile and in a headspace screening
container. Radiological controls may preclude sediment pile and headspace
container screening. In that event, screening data will be collected through
a hole (sampling port) in the side of the drive barrel.

5.4.1 Data Needs Defining the Screening Locations

Wellhead monitoring and field screening of drill cuttings for volatile
organic compounds (VOC) will be required to aid sampling decisions by onsite
personnel. Changes in VOC concentrations of one order of magnitude or more at
depths other than the predefined sampling depths will indicate that additional
samples may be collected at those depths. The initial VOC concentration (as
detected with field monitoring equipment) used to sign: the need for collec-
tion of an additional sample will be 1 ppm, if the background level is zero.
Otherwise, a change of one order of magnitude from the previous sample will
indicate an additional sample may be required. Comparison of these results
with VOA results will indicate if different action levels are required.
Elevated radionuclide levels, those greater than the background level, may
preclude additional sampling at that depth. Radionuclide screening will be
performed as indicated in the applicable Radiation Work Permit.

5.4.2 Screening Equipment
VOC screening equipment may include the following:
e organic vapor monitor (OVM)
photoionization detector (PID)
e colorimetric tubes for carbon tetrachloride.
5.4.3 Screening Procedures
Sampling of wellhead gases and drill cuttings for VOC will be performed
as outlined in Environmental Investigation Instruction (EII) 3.4, Rev 0, Field

Scree~*~~ (WHC 1988a) and the following procedure:

e Take wellhead readings as soon as drill string is out of the
casing.
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e mineralogic analyses
e supercritical fluid extraction (SFE) sediment matrix
characterization.

If possible, two VOA sampling methods will be used to determine the most
effective sampling technique. The samples will be collected using a core
borer st ;ampling tool to remove sediment from a portion of the drive barrel
and/or using a metal scoop. The type of tool will depend on the 1lithology of
the sampled material.

SVOA samples will be collected with the metal scoop (grab sample).

Moisture content, CaC0O; content, archive 1ithologic, and particle size
distribution samples will be collected by metal scoop (grab sample) from
sediment dropped in a bucket. CaCO; content and particle size distribution
sampl  will be collected from both the saturated and unsaturated zones.
Moisture content samples will not be collected from the saturated zone or from
the slurry recovered during hard tool drilling. Particle size distribution
;amg}es will not be collected from the slurry recovered during hard tool

rilling.

SFE sediment matrix characterization samples will be collected from
unsaturated, fine-grained sediments.

5.5.1 Data Needs Defining the Sample Locations

Analyses will be performed to identify the presence of carbon tetra-
chloride and other VOC. Because the results a important both to understand
and evaluate carbon tetrachloride storage and transport and to help define the
vertical extent of VOC in the borehole vicinity, VOA samples will be collected
within 1.5-m intervals during drilling operations in the crib boreholes and
the unsaturated zone of the deep ground water monitoring borehole. VOA
samples will be collected at 15-m intervals in the saturated zone of the deep
ground water monitoring borehole and the angled borehole.

Analyses for SVOC will be performed to identify the presence of some of
the organic co-contaminants, such as lard oil and alkyl phosphates, disposed
with the carbon tetrachloride. Because the results are important for helping
define the vertical extent of SVOC in the borehole vicinity, SVOA samples will
be collected within 1.5-m inf ‘'vals during drilling operations in the crib
boreholes and the unsaturated zone of the deep ground water monitoring bore-
hole. SVOA samples will be collected at 15-m intervals in the saturated zone
of the deep ground water monitoring borehole and the angled borehole.

Samples to characterize the vertical distribution of sediment litholo-
gies will be collected within every 1.5 m in all the boreholes. These samples
may be analyzed for moisture content, CaCQ; content, and/or particle size
distribution. The resulting analyses will characterize the sediments through
which the boreholes are drilled.

Samples will be collected for use in determining sediment properties that
influence the laboratory extraction of lard o0il and alkyl phosphates. Sedi-
ment matrix characterization is a component of the analyses to determine how
best to extract lard oil and alkyl phosphates from sediment using SFE.
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Samples will be collected in large volumes (15- to 20-L bucket) to allow the
extraction methods to be tested repeatedly on the same sample type. To test
the methods on a wide variety of sediments, samples will be collected wi- a
wide range of mineralogic and textural properties. Fine-grained sediments
will afford the greatest volume percentage to be used for analyses. Unsat-
urated samples will be collected from the drive barrel. It is preferable to
take SFE samples adjacent to the intervals sampled for chemical analysis, so
that results can be compared.

5.5.2 Decontamination Procedures

Sampling equipment requiring decontamination between sampling intervals
will be decontaminated per EII 5.4, Section 6.3.2.2 (WHC 1988a).

Sample containers requiring decontamination will be decontaminated by
the container supplier.

5.5.3 Sample Collection Equipment and Sample Containers
Drive barrel/hard tool sampling equipment is as follows:

rubber gloves

metal scoop

waterproof markers

cooler with frozen blue ice or natural ice

box with dividers or vial rack (to keep VOA vials in vertical
position)

tamper-evident tape

plastic baggies with "zip” closure openings

chain-of-custody forms

drilling and sampling procedures specified in this FSP.

VOA sampling eauipment and sample containers, for each sampling
int al, quired - be decontaminated:

core borer subsampling tool
metal scoopula

e two 40-mL amber vials with teflon sept: caps, containing
methanol.

SVOA sampling equipment and sample containers, for each sampling
interval, required to be decontaminated:

small metal sediment scoop
e a 125-mL glass bottle.

ithologic sampling equipment and sample containers for each sampling
interval:

teflon tape

plastic bags for wrapping moisture sample containers

a metal container (moisture content tin) with press-on 1id
three pint glass jars with screw-on 1id (mason jar).
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SFE sediment matrix sampling equipment and sample containers:

e hammer (to seal bucket)
e 15- to 20-L plastic bucket and 1id.

5.5.4 Sample Preservation Procedures

Because the analytes are volatile, care must be taken to collect and
preserve VOA <amples as soon as the sediment has been removed from the
borehole. Se ment will be placed in a 40-mL amber glass vial containing a
methanol preservative to fix the volatiles in solution. VOA sample vials must
be kept vertical and under refrigeration. Only when the sample is actually
extracted from the sediments should the VOA vial be out of a refrigerated
container. Between 5 and 10 g of sediment is the optimum sample size. Tamper
evident seals are not placed directly on VOA vials. The vials will be placed
in a plastic bag and the seal placed on the bag opening. The samples will be
released at the same time as the other samples.

Methanol will be added to the VOA sample containers and weighed prior to
samples being placed in them. If the methanol is released from the vial
either by evaporation or by spilling, the measurement is inaccurate.

SVOA samples require refrigeration during storage and transport.

The moisture/CaC0, content sample container is required to be taped and
placed in a sealed bag %or storage and transport. No special preservation
techniques are required for the particle size distribution sample and archive
lithologic samples.

No special preservation techniques are required for the SFE sediment
matrix characterization samples.

5.5.5 Sample Collection Procedures

The order of drive barrel/hard tool sampling for VOA, SVOA, lithologic,
and SFE sediment matrix samples is:

VOAct @+ e s ling, if sampling fine-graii ¢ iment or soil
VOA scoop sampling

SVOA scoop sampling

Radioactivity release sampling

Moisture/CaC0; content sampling

Particle size distribution sampling

Archive 1ithologic sampling

SFE sediment matrix characterization sampling.

OOV WM =

NOTE: The date and time of collection for all samples from each drive
barrel is the date and time the drive barrel is first brought out of the
borehole.

VOA Core Borer Sampling From Drive Barrel - The core borer will be used

to sample in fine-grained sediments where a "plug" of material can be ‘
extracted and put into a samp’- vial with minimal disturbance. When the drive
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barrel is raised above ground surface (and out of the casing) a sample will be
collected with the core borer directly from sediments in the drive barrel.

The sample will be collected either from the bottom of the drive barrel or
through a hole (sample port) in the side of the drive barrel, depending on the
radiological controls for the drill site or the lithology of the sediments.

NOTE:

Insert the core borer at least 2.5 cm into the sediment.

Withdraw the core borer with a smooth motion.

Wipe off any sediment from the outside of the core borer.

Use the sample prod to push 1.2 cm of sediment out of the forward
end of the core borer into the vial.

Do not get sediment on the vial’s threads. Even if the threads
are wiped off, volatiles can be lost!

Drop 1.2 cm of sediment into the vial and the methanol
preservative.

Cap the vial firmly, but not so tight as to deform the teflon
liner.

Once the sample is collected:

VOA !

Mark the sample collection date and time on the sample container
label.

Mark on the label: (1) HEIS number and (2) "DB" for drive
barrel.

Put the sample vial into a plastic bag.

Use tamper-evident tape to seal the bag opening. Write the
sampler’s initials and date of sealing on the tape.

Place the sample in a refrigerated enclosure maintaining the
vial’s upright position.

Document sample on appropriate chain-of-custody form.

Store sample onsite until sample is released by the HPT.

Place radiation release documentation with sample container prior
to transport offsite.

lir 2 Scc . ¢ 1 _ Frec Driv  Barrel - Once the first VOA

sample is collected with the core borer, the remaining sediments will be
dropped from the drive barrel into a bucket. If no core borer sample is to be
collected, two scoop samples will be collected.

NOTE:

Immediately after transfer to the bucket, use the small metal
sediment scoop to dig 5 to 10 g of sediment out from at least
2.5-cm below the top of the sediment pile.

Drop the sediment into the vial and the methanol preservativ

Do not get sediment on the vial’s threads. Even if the threads
are wiped off, volatiles can be lost!

Cap the vial firmly, but not so tight as to deform the teflon
liner.

A-30




WHC-SD-EN-AP-109, Rev. 2

Once the sample is collected:
e Follow the same steps as listed for the core borer VOA sample.

VOA Sediment Scoop Sampling From Hard Tool Drilling - During hard tool
dri ing, VOA samples will be collected from the slurry of sediment and added
water. Samples will be collected using the metal scoop only. The core borer
is not used to collect slurry samples.

Once the sediments are retrieved from the borehole, they will be dropped
from the bailer into a bucket.

e Immediately after transfer to the bucket, use the small metal
sediment scoop to dig 5 to 10 g of sediment from the slurry.
e Drop the sediment into the vial (no methanol preservative).

NOTE: Do not get slurry on the vial's threads. Even if the threads are
wiped off, volatiles can be lost!

e (Cap the vial firmly, but not so tight as to deform the teflon
liner.

Once the sample is collected:

Follow the same steps as listed for the core borer VOA sample.
e Mark on the bag: (1) HEIS number and (2) "HT* for hard tool.

SVOA Sampling - Once the VOA samples are collected, the SVOA sample will
be collected from the remaining sediments or slurry in the bucket.

* Use the sediment scoop to dig sediments out from at least 2.5 cm
below the top of the sediment pile or from the slurry.

* Drop the sediment or slurry into the bottle. Be careful not to
get sediment or slurry on the vial’s threads.

e Cap the vial firmly.

Once the sample is collected:

e Mark on the pre-printed label: (1) HE.. number and .., "DB" for
drive barrel or "HT" for hard tool.

e Use tamper-evident tape to seal the bottle cap. Write the
sampler’s initials and date of sealing on the tape.

e Place the sample in a refrigerated enclosure maintaining the
bottle’s upright position.
Document sample on appropriate chain-of-custody form.
Store sample onsite until sample is released by the HPT.
Place radiation release documentation with sample container prior
to transport offsite.
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Radiation Release Sampling - Any samples collected for analyses require
unconditional radioactivity release, as described in Section 5.2 of the FSP,
before being removed from the drill site. This sample is for analysis at the
222-S laboratory in the 200 West Area.

Collect sediment or slurry in a plastic baggy.

e Mark on the bag: (1) well number; (2) depth interval; and
(3) date/time of collection.

e Submit sample for analysis.

Moisture/CaCO; Content Samples - Collect samples from sediments
recovered from the dr1ve barrel or bailer. The sediments will be first
dropped into a sediment collection bucket.

e Use a metal scoop to transfer sediments or slurry to the moisture
content tin as soon as the sediments have been dropped into the
sediment collection bucket and the VOA and SVOA samples have been
collected. Use sediment from a few centimeters below the surface
of the pile.

Close the tin immediately and seal with teflon tape.

On the tape, mark: (1) HEIS number; (2) “DB* for drive barrel or
“HT" for hard tool; and (3) “"Moisture/CaC0;" for sediment or
"CaC0;" for slurry.

e Use tamper -evident tape to seal the 1id. Write the sampler’'s
initials and date of sealing on the tape.

e Wrap the sample container in two plastic bags, each one sealed to
be as air-tight as possible.

Document sample on appropriate chain-of-custody form.

Store sample onsite until sample is released by the HPT.

Place radiation release documentation with sample container prior
to transport offsite.

NOTE: Moisture conte . analyses will not be performed for hard tool or
saturated zone samples.

Particle Size Distribution Samples - Take samples only from sediments
collected wil the drive barrel. The sediments will be first dropped into a
sediment collection bucket.

e Use a metal scoop to transfer sediments to the pint glass jar
after taking the moisture content/CaC0; content sample.
Close the screw-on 1id.
On the top of the 1id, mark: (1) HEIS number; (2) "DB* for drive
barrel or “HT" for hard tool; and (3) "Particle Size”.

e Use tamper-evident tape to seal the 1id. Write the sampler's
initials and date of sealing on the tape.
Document sample on appropriate chain-of-custody form.
Store sample onsite until sample is released by the HPT.
Place radiation release documentation with sample container prior
to transport offsite.

NOTE: Particle size distribution analyses will not be done for hard
tool samples.
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Archive Lithologic Samples - Take samples at 1.5-m intervals only from
sediments collected with the drive barrel. The sediments are first dropped
into a sediment collection bucket.

Use a metal scoop to transfer sediments to the two pint glass jars
after taking the particle size distribution sample.

e Close the screw-on 1id.

e On the top of the 1id, mark: (1) HEIS number; (2) *DB" for drive
barrel or "HT* for hard tool; and (3) “"Archive Lithologic”.
Document sample on appropriate chain-of-custody form.

Store sample onsite until sample is released by the PT.
Place radiation release documentation with sample container prior
to transport offsite.

SFE Sediment Matrix Characterization Samples - Sample intervals will be
defined by the sampling staff when a fine grained lithologic unit is
encountered during drive barrel drilling.

e Collect a Targe volume sample directly from the drive barrel into
a 15- to 20-L plastic bucket. If there is not enough sediment to
fi1l the bucket 3/4 full, sediment from the next drive barrel may
be used also.

e Use the hammer to seal the 1id of the sample container and store
the sample onsite until it has been released for transport.

e Use tamper-evident tape to seal the 1id. Write the sampler’'s
initials and date of sealing on the tape.

Document sample on appropriate chain-of-custody form.

Store sample onsite until sample is released by the HPT.

Place radiation release documentation with sample container prior
to transport offsite.

5.5.6 Sample Documentation

Any samples taken for analyses require unconditional radioactivity
release before being removed from the drill site, as described in Section 5.2
of the FSP.

Submit sediment or slurry from the sample interval for analysis.
e Place radiation release doc 'ntation with each : e ¢ ainer.

Chain-of-custody forms will be filled out for each sample, as described
in Section 5.3 of the FSP. There may be more than one sample on a chain-of-
custody form.

5.5.7 Sample Handling and Analysis

VOA samples will be analyzed within 14 days after the sample is
collected. They must be kept refrigerated and be transported to the
analytical laboratory within 2 to 3 days of sampling. Analyses may be
conducted at Sigma V or in a mobile laboratory onsite. Custody transfer will
take place at the location where analysis will occur.
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SVOA samples will be extracted within 7 days after the sample is
collected, and analyzed within 40 days of extraction. They must be kept
refrigerated, and be transported to the Sigma V Sample Storage Facility and
then to the analytical laboratory within 2 to 3 days of sampling.

Moisture/CaC0O; content samples collected from the three unsaturated zone
boreholes and the deep ground water well will be transported to the 300 Area
Geotechnical Engineering Laboratory for storage, per EII 5.7A, Rev 3 (WHC
1988a). Analyses will be conducted at the Geotechnical Engineering
Laboratory.

Moisture/CaC0O; content samples collected from the in situ bioremediation
well will be transported to the PNL Sigma V Building, Soil Physics Laboratory,
where analyses will be conducted. Moisture content analyses will be conducted
according to SA-7, M-*2r Content (PNL 1992).

Archive Tithologic samples will be transported to the Hanford
Geotechnical Sample Library at 2101M Building, 200 East Area for archiving,
per EII 5.7A, Rev 3 (WHC 1988a).

Particle-size distribution samples collected from the three unsaturated
zone boreholes and the deep ground water well will be transported to the
300 Area Geotechnical Engineering Laboratory for storage, per EII 5.7A, Rev 3
(WHC 1988a). Analyses will be conducted at the Geotechnical Engineering
Laboratory.

Particle-size distribution samples collected from the in situ bioremedi-
ation well will be transported to the PNL Sigma V Building, Soil Physics
Laboratory, where analyses will be conducted according to SA-2, Sieve
Procedure, and SA-3, Particle-Size Analy<is (Hydrometer Method) (PNL 1992).

SFE sediment matrix characterization samples will be transported to
PNL’s Sigma V laboratory. Transport to the laboratory requires no specific
preservation procedures. Samples will be delivered to the 1423 laboratory.

S.6 SPLIT-BARREL SAMPLING

Continuous split-barrel sampling in the in situ bioremediation well is
described in Section 5.8.

Split-barrel samples will be collected routinely within 6-m intervals in
the unsaturated zones and 15-m intervals in the saturated zone, or more fre-
quently if there are changes in the lithology or detected contaminant concen-
trations, or other unusual factors.

Samples will be collected using methods deemed most capable of
preserving the in situ environment. Split-barrel sampling will be done to
collect relatively undisturbed samples for analyses. LEXAN liners will be
placed in the split-barrel prior to sampling in the borehole. Four liners
will be used to collect samples for the following analyses:

Liner 1: VOA, SVOA, and chemical constituents analysis
Liner 2: Porosity and bulk density analyses

Liner 3: Air permeability analysis

Liner 4: Physical properties analysis.
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Sediment from one liner will be subsampled and put into containers for
VOA, SVOA, and chemical analyses. The other three liners will be delivered to
the appropriate analytical laboratories intact.

VOA Sampling - As with drive barrel sampling, two VOA subsamnling
methods will be attempted, when feasible, to determine the most ef..ctive
sampling technique. One sample will be collected using the core borer to
remove sediment from the end of liner 1. The other sample will be collected
using a metal scoop to remove sediment from the same end of liner 1. Core
borer sampling will be dependent on sediment 1ithology, as indicated in
Section 5.5 of the FSP.

SVOA Sampling - SVOA samples will be collected with the metal scoop
(gr?b sample) from the sediment in liner 1 near where the VOA samples were
collected.

Chemical Sampling - Samples will be collected for chemical analyses to
help characterize the sediments of both the saturated and unsaturated zones.
A liner will be used to collect sediment to e subsampled for these analyses.
Sediment from the liner will be transferred to prelabeled sample vials and
bottles for laboratory analyses.

Porosity/Bulk Density, Air Permeability, and Physical ‘operty Sai ling
- Samp 2s will be col 2cted in liners to recover sediment that is representa-
tive of the actual depositional structures. Porosity/bulk density and air
permeability analyses will help to identify the rate of moisture movement
through the sediment package. Physical property characterization of sediments
will help formulate a better understanding of the transport and storage of
carbon tetrachloride in the unsaturated zone. One liner will be used to
collect the sample for porosity and bulk density analyses. One Tiner will be
used to collect the sample for air permeability analysis. One liner will be
used to collect the physical property sample. All these samples will remain
in the liners during handling and transport to the analytical laboratories.

5.6.1 Data Needs Defining the Sample Locations

Volatile Organic Compounds - Data needs are as described in
Section 5.5.1 of the FSP. VOA samples will be collected from all split-barrel
inter s,

Semi-Volatile Organic Compounds - Data needs are as described in
Section 5.5.1 of the FSP. SVOA samples will be collected from all split-
barrel intervals.

Chemical Constituents - Samples will be collected to characterize the
sediments of both the saturated and unsaturated zones. The samples will be
collected routinely at all split-barrel intervals.

Porosity and Bulk Density, Air Permeability, and Other Physical
Properties - The results of the FY 92 site characterization activities have
shown the highest concentrations of carbon tetrachloride to be present in the
early “Palouse” soil or just above it. The physical properties of this
lithologic unit and the surrounding sediments have specific influence over the
distribution of the carbon tetrachloride. Consequently, the physical
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Sampling equipment required to be decontaminated, per EII 5.5:

e split-barrel shoe

core catcher

spacer

LEXAN Tiners

LEXAN Tliner end caps

core borer subsampling tool
metal scoop

metal spatula.

These items will be decontaminated at the 100K laboratory and transported
to the sampling site before sampling proceeds at the scheduled interval.

Sample containers (for each sampled interval):
e split-barrel containers - four LEXAN liners with two caps each
e subsample containers for chemical analyses:

- two 40-mL amber glass vials containing 5 mL methanol, with
screw-on cap and teflon septum (VOA)

- a 125-mL glass bottle with screw-on cap (SVOA)

- a 250-mL glass bottle with screw-on cap (ICP metals, anions,
lead, mercury, cyanide)

- 2 40-mL amber glass vial with screw-on cap (T0C).

5.6.4 Sample Preservation Procedures
Preserve VOA samples as required in Section 5.5.4 of the F!
Preserve SVOA samples as required in Section 5.5.4 of the FSP.

The liner designated for chemical subsampling will be sealed with end
caps and refrigerated until subsampling takes place. After subsampling into
new sample containers, chemical samples require refrigeration during storage
and transport.

Porosity/bulk ¢ 1sity, air | 'meability, and ph: ical property samples
must retain as much of the sediment structure intact during sample collection
and transport. To ensure that the sediment structure of the samples taken for
these analyses remain intact, the LEXAN liners in which these samples are
collected must be completely full of sediment. The sampled sediment will be
sealed inside the liners with liner caps. Samples will be protected from
physical shock during both the sampling and transport process. Samples do not
require refrigeration during transport.

5.6.5 Sample Collection Procedures
Split-barrel sampling consists of the following six steps:

1. Clean the borehole out using either the drive barre or bailer.
2. Measure and record a depth-to-bottom of the borehole.
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Chemical Liner Capping - Capping is accomplished as follows:

Cap both ends of the chemical liner with plastic end caps.

* Use teflon tape and tamper-evident tape to seal the end caps.
Write the sampler’s initials and date of sealing on the tamper-
evident tape.

o Mark on the liner: (1) HEIS number; (2) "chem"; and (3) an arrow
pointing in the "up" direction.

e Place the sample in a refrigerated enclosure maintaining the
liner’s upright position.

e Document sample on appropriate chain-of custndy form.

Store sample onsite until sample is released Yy the HPT.

e Plac radiation release documentation with sample container prior

to transport offsite.

Porosity and Bulk Density Liner Capping - The liner designated for
porosity/bulk density analyses must be completely full of sediment. This will
ensure that the sediment structure is not destroyed during transport, and that
sediment samples are representative of the particle size fraction present in
the sampled interval.

e Cap and handle this liner as required for the chemical liner,
above.

e Mark on the liner: (1) HEIS number; (2) “porosity/bulk density”;
and (3) an arrow pointing in the "up" direction.

e Place the sample in a transport box maintaining the liner’s
upright position.

Air Permeability Liner Capping - The liner designated for air permea-
bility analyses must be completely full of sediment. This will ensure that
the sediment structure is not destroyed during transport, and that sediment
samples are representative of the particle size fraction present in the
sampled interval.

e Cap and handle this liner as required for the porosity/bulk
density liner, above.

e Mark on the liner: (1) HEIS number; (2) “air permeability”; and
(3) an arrow pointing in the "up" direction.

Physical Property Liner Capping - The liner des” iated for physical
property analyses must be completely full of sediment. This will ensure that
the sediment structure is not destroyed during transport, and that sediment
samples are representative of the particle size fraction present in the
sampled interval.

e Cap and handle this liner as required for the porosity/bulk
density liner.
e Mark on the liner: (1) HEIS number; (2) “phys. prop. - WSU"; and
(3) an arrow pointing in the "up" direction.
5.6.6 Sample Documentation

Radiation release documentation and a chain-of-custody form will be
filled out for each sample, as described in Section 5.5.6 of the FSP.
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5.6.7 Samp' Handl ) and Analysis

Handle and analyze the samples as required for VOA samples in
Section 5.5.7 of the FSP.

Handle and analyze the samples as required for SVOA sai les in
Section 5.5.7 of the FSP.

Chemical subsamples from the chemical liner will be collected and
handled as in Section 5.6.8 of the FSP.

Porosity and bulk density samples w |1 be transported to the 300 Area
Geotechnical Engineering Laboratory for storage, per EII 5.7A, Rev 3. During
transport, the sample must be protected from physical shock to retain sediment
structure integrity. Samples should not be refrigerated. There is no holding
time imit for the physical property samples. Analyses will be conducted at
the Geotechnical Engineering Laboratory.

Air permeability samples will be transported to the 300 Area
Geotechnical Engineering Laboratory for storage, per EII 5.7A, Rev 3. During
transport, the sample must be protected from physical shock to retain sediment
structure integrity. Samples should not be refrigerated. There is no holding
time limit for the physical property samples. Analyses will be conducted at
the Geotechnical Engineering Laboratory.

Physical property samples will be transported from the drill site to the
Washington State University (WSU) Tri-Cities laboratory for analyses. Custody
will be transferred to WSU laboratory personnel. During transport, the sample
will be protected from physical shock to retain sediment structure integrity.
Samples will not be refrigerated. There is no holding time 1imit for the
physical property samples.

5.6.8 Subsampling

Subsamp]es for chemical analyses w111 be collected from the chemical
liner and put in pre-labeled contail i for transport to analytical ° -
tories. After the chemical liner is re]eased by the HPT, subsampling w111
take place in the on site mobile lab/sample handling trailer. Transport of
samples to Sigma V will be by government vehicle.

Chain of custody for subsamples will be transferred to a new form as
specified in Section 5.3 of the FSP. Copies of both chain-of-custody forms
will be retained and filed together.

Chemical subs )les will be transported to their respective
laboratories, and then analyzed within specified holding times, as listed in
Table FSP 5-2. The chemical subsamples will be transported to Sigma V and
custody transferred to the PNL sampling staff. These personnel will be
responsible for distributing the samples to the laboratories, and receiving
and distributing the analytical results.

VOA samples will be transported to Sigma V for ialysis.
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5.7.1 Data Needs Defining the Sampling Locations

FY 92 investigations have shown abundant microbial populations exist in
the early "Palouse" soil. FY 93 investigations will further examine the con-
ditions that contribute to the growth of existing populations. The laboratory
studies will focus on determining which nutrients present in sediments limit
microbial growth. In addition, analyses will be conducted to determine what
available sediment constituents are potential electron donors or acceptors for
microbes during the degradation process.

Samples will be taken to characterize these parameters in both the satu-
rated and unsaturated zones. A maximum of six samples total will be collected
from the unsaturated zone (early "Palouse" soil) from well 299-W18-96, well
299-W18-174, the angle borehole, and the deep ground water well. Approxi-
mately 12 samples are anticipated from the unsaturated and saturated zones at
well 299-W11-32, the in situ bioremediation well. Saturated zone samples will
be collected as convenient with other sampling activities and the drilling
operations.

5.7.2 Decontamination Procedures

Aseptic core samples will be collected using a split-barrel sampler
having a LEXAN liner that has been sterilized prior to sampling.

e Have the liner autoclaved in a laboratory and wrapped in sterile
packaging before being brought out to the drill site.

* Pick up the liner at the PNL Microbiology Laboratory in the
324 Building.

* When at the drill site, wash the split-barrel and head (used to
attach the barrel to the drilling tools) in a bleach solution.

e Spray the shoe of the split-barrel assembly and the springs used
to retain the sediment inside the split-barrel with ethanol and
then flame and air cool.

e Just prior to taking the sample, assemble the sampler using
sterile gloves, then wrap and seal the sampler in sterile paper.

5.7.3 Sample Equipment and Sample Containers
Sample collection equipment:

e laboratory sterilized, 0.6 m length LEXAN liner (wrapped in

sterile brown paper)

laboratory sterilized liner caps (sealed in whirl pack bags)

sterile plastic gloves

laboratory sterilized brown paper

ethanol and sprayer (to apply ethanol to sample equipment)

striker (or matches or lighter)

metal tray (for onsite sampling equipment sterilization)

chlorine bleach (for onsite sampling equipment sterilization)

buckets and brushes (for onsite sampling equipment sterilization)

plastic tape and markers

e plastic transport bag (to place samples in once retrieved)
argon tank (requires approved transport to site)
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3. Collect ground water chemistry samples (as defined in
Section 5.9).

4. Insert datasonde into the ground water to measure in situ
geochemical parameters (as defined in Section 5.9).

If an undisturbed aseptic sample is not collected during the first
sampling attempt, whatever sediment is recovered will be designated for
physical and chemical property analyses. A second attempt will be made to
recover an aspetic sample from the same interval this time using the entire
0.6 m length of the split-barrel sample for microbiological sample collection.
The site geologist, or site coordinator will be responsible for determining
whether the sample is aseptic. The decision will be based on a visual inspec-
tion of the recovered core. If the split-barrel liner is not full or if the
sediment clasts have spaces between them, the liner will be designated as
contaminated, and a second attempt at aseptic sample collection will be made.
Sampling will proceed as follows if the second attempt to recover an aseptic
sample is successful:

1. Collect a physical property sample (bulk density, particle
density, and particle size distribution) sample and, if there is
enough sediment recovered, a sediment chemistry sample.

2. Collect a 0.6 m Tength aseptic microbiologic sample.

3. If necessary, collect a sediment chemistry sample and hydraulic
conductivity sample and particle size distribution sample.

4. Collect ground water chemistry samples (as described in
Section 5.9).

5. Insert datasonde into the ground water to measure in situ
geochemical parameters (as described in Section 5.9).

If the second attempt at collecting an aseptic sample is not successful,
all remaining sampling will be abandoned until the next 1.5-m interval is
encountered, where sample collection will begin again. This sampling approach
is diagramed in Table FSP 5-3. The specific order of sampling may be changed
by the site geologist or field sampling personnel if a different order will

mplish the ¢ ired sampling and a1 ysis ob; :ti»

To help determine whether contamination from borehole fluids has entered
the sample during sample collection, a tracer consisting of microspheres with
a particular fluorescence may be used. A bag containing a predetermined
amount of the microsphere tracer will be lowered to the bottom of the borehole
and broken open immediately before aseptic sample collection. The tracer
concentration and distribution in the sample will be measured to evaluate
whether sample contamination occurred.

If the first attempt at aseptic sample collection (for microbiologic
characterization) is unsuccessful and the second attempt is successful, addi-
tional split-barrel samples may be taken at the discretion of site geologist.
These split-barrel samples may be used for any of the planned analyses:
hydraulic conductivity measurements, chemical property analyses, or physical
property analyses.
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The sediment chemical characterization analyses that will be performed
are shown in Table FSP 3-5b.

~.8.1 Data Needs Defining the Sample Locations

Split-barrel samples will be collected for analyses to chararterize the
microbiologic consortia present, the geochemistry of the unsaturati and
saturated zone sediments, the physical properties of the sediments, and the
contaminants present in the saturated and unsaturated zones.

Site characterization data collected from the in situ bioremediation
wells installed during 1991 and 1992 indicate the presence of a zone of
increased cementation between approximately 85.0 and 85.6 m deep, 10 m below
the water table. The degree of semiconfinement of this thin zone is important
because of its potential influence on ground water flow during the field
demonstration test.

Further site characterization is necessary to establish a more complete
understanding of the hydrogeologic and hydrochemical conditions at the demon-
stration site. The degree of heterogeneity and anisotropy within the satu-
rated interval are key data needs for effectively sin ating the ground water
flow regime near the in situ bioremediation wells and designing the demonstra-
tion system.

5.8.2 Decontamination Procedures

Decontamination of sampling equipment between sampling intervals will be
conducted according to EII 5.4 or 5.5 (WHC 1988a) depending on the type of
analyses planned for that sample. Sampling equipment will be decontaminated
prior to use as described in Section 5.6.2 of this FSP.

For physical property samples, the initial decontamination procedure is
sufficient for the split-barrel samplers. LEXAN sleeves that line the split-
barrel sampler normally do not require decontamination after arriving from the
manufacturer when used for physical property sampling. However, in this well,
physical property samples will frequently be collected with aseptic microbio-
logic samples. In this sitt .ion, tlI physical property sample collection
equipment will require the additiona'l decontamination procedures that a: )tic
microbial sampling entails.

Decontamination procedures for aseptic core samples collected using a
split-barrel sampler are described in Section 5.7.2 of this FSP. Equipment
for chemical sampling will be decontaminated according to EII 5.5 (WHC 1988a),
as described in Section 5.6.2 of this FSP.

5.8.3 Sample Collection Equipment and Sample Containers
Split-barrel sampling equipment for chemical and physical property
analyses is listed in Section 5.6.3 of this FSP. Split-barrel s:¢ )ling

equipment for aseptic microbiological analysis is listed in Section 5.6.3 of
this FSP.
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The subsample containers (for each sampled interval) for chemical
analyses are:

e two 40-mL amber glass vials containing 5 mL methanol, with screw-
on cap and teflon septum (VOA)
e one 40-mL amber glass vial with screw-on cap (TOC)

e two 500-r° glass canning jars (particle size distribution
analyses)

e one moisture content tin (mineralogic analyses).
Sediment samples for VOA will be collected from the same split-barrel
sediment from which other chemical characterization samples are collected.
5.8.4 Sample . ‘eservation Procedures

Microbiologic Samples - Once the sediment sample is retrieved, the core

e is sealed inside the liners in which it is recovered by taping the caps in
N place and marking the LEXAN liner with pertinent sampling information (see
— Section 5.5.4). The sealed core is placed inside a plastic bag and the bag
filled with argon. Gas is purged from the plastic bag three times and the
e plastic bag, filled with argon, seal: around the core. Purging is done by:

1. stand the core (inside the plastic bag) upright vertically, inside
the g, with the bag open at the top

2. inserting the tube from the argon tank into the plastic bag and
holding the bag opening (at the top) closed by hand

3. fill the plastic bag with argon from the tank until fully
inflated, then turn down the pressure from the argon tank

4. while continuing to hold the bag closed by hand, compressing the
bottom of the bag to push the argon out the top opening

5. continue compressing the bag and move vertically up the core,
until 1 the argon is pt | out of tI bag, while holding the
top closed (loosely, to allow the argon to escape, but no air to
enter the bag)

repeat steps 3 through 5 twice more

the bag : ould retain positive pressure, so air di ;5 not enter the
- pull the tube from the argon tank out of the bag

8. twist the top of the bag, fold it over onto itself, and tape the
"twist" down onto the bag firmly with green tape

9. mark the ag with: (1) borehole number; (2) depth interval;
(3) date and time of recovery; (4) sampler’s initials; and
(5) "ASEPTIC SAMPLE"

10. place sealed sample in cooler with blue ice, ensure a temperature
in the cooler of 10°C or less until transfer to the laboratory.

Samples will be transported to the laboratory in the sealed LEXAN liner
and argon atmosphere under refrigeration within 48 hours of sampling.
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5.9.1 Data Needs D¢ ning the Sampling Locations

In the deep gror d water well, ground water samples will be collected
routinely at 6-m intervals, or more frequently if there are changes in the
lithology or detected contaminant concentrations, or other unusual factors.

In the in situ bioremediation well, ground water samples wil be
collected for laboratory analyses, and a sensor will be inserted into the
borehole to measure in situ ground water geochemical parameters. The sampling
and measurements will be di e sequentially to characterize the ground water
chemistry in which micronraanisms are found. Ground water samples and geo-
chemical measurements wi’ e done with alternate microbiologic characteri-
zation sampling; in at least 3-m depth intervals. If microbiologic
characterization samp’ ; are collected successfully, ground water measurements
will be made. A total of seven ground water measurements out of 10 possible
aseptic sampling intervals is anticipated (Table FSP 3. ). In the event that
repeated attempts at aseptic sample collection are unsuccessful, ground water
samples will be collected at least from every 4.5-m depth interval.

In situ ground water geochemical measurements are scheduled for the same
seven intervals. Measurements will be required only where ground water sam-
ples are collected. However, depending on availability of the sensor, time
required to deploy the sensor and to take measurements, and variability of the
measured parameters, more measurements can be made at the discretion of the
site geologist, the site coordinator, or other project personnel.

Ground water samples will be collected from the bioremediation well to
characterize the metals concentrations of the ground water (including
dissolved iron), the anion concentrations, the volatile organic constituent
concentrations, and the dissolved organic carbon concentrations. The in situ
sensor will be used to measure the ground water geochemical parameters of
dissolved oxygen, redox potential, pH, temperature, and depth.

5.9.2 Decontamin: ion Procedures

The bailer used for ground water sampling will be decontaminated by
washing with a laboratory cleanser and flushing with deionized water. The
bailer will be sealed in a plastic bag until the time of sampling. Sample
containers requiring decontamination will be decontaminated by the container
supplier.

5.9.3 Sample Equipment and Sai le Containers
Sample collection equipment includes:

rubber gloves
waterproof markers
cooler with frozen blue ice or natural ice
box with dividers or vial rack (to keep VOA vials in vertical
position)
e tamper-evident tape
o plastic baggies with *zip” closure openings
teflon bailer - laboratory cleaned, wrapped in plastic
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tripod w/pulley and depth indicator

string and motorized reel (to raise and lower bailer)
chain-of-custody forms

drilling and sampling procedures as called out in this FSP.

The sample containers and chain-of-custody forms will be prepared by
PNL. Containers used for each sampled interval are listed in Table FSP 5-3.

5.9.4 Sample Preservation Procedures

Samples will be refrigerated with specific preservation as listed in
Table FSP 5-4,

5.9.5 Sample Collection Procedures

Ground water samples will e collected from specific depth intervals in
the aquifer. Prior to sampling:

measure the depth to the bottom of the borehole

measure the depth to water

bail ground water from the hole before sampling. (The amount of
water to be removed will be determined by field personnel at the
time of sampling.)

Table FSP 5-4. Containers, Quantities, Preservation, and Holding
Times for Water Samples.

. . ) Holding
Analysis Container (full) Preservation Time Laboratory

Organics

Volatile Organic 40-mL amber glass 4°C 14 d (1) PNL
Analysis (VOA) with teflon septum

Semi-Volatile 2,000 mL amber 4°C 7d DCL
Organics (SVOA) glass

Dissolved 500 mL amber glass

organic carbon
Chemical

ICP metals 500 mL poly Nitric acid 6 mo DCL

pH <2
Tons 125 mL poly 4°C None DCL

NOTE: Holding times begin at the time of collection.

PNL
DCL

Pacific Northwest Laboratory.
Data Chem Laboratory.
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Both the SEAMIST and the BoreSampler are designed to be used in between
drilling runs. To minimize interruption to drilling operations, in situ soil-
1s samples will be collected at intervals adjacent to those sampled for
chemical analysis using the split-barrel sampler, whenever possible. Proce-
dures governing use of the SEAMIST and BoreSampler systems are included in the
test plans for these technologies (Rohay and McLellan 1992 and WHC 1992,
respectively).

Soil gas sampling using the BoreSampler is planned for up to five
intervals in the in situ bioremediation borehole. In that borehole, sediment
samples will be collected with the split-barrel sampler at intervals immedi-
ately above and below the interval from which soil gas samples are collected.

6.0 SAMPLE ANALYSIS REPORTING

Samples will be handled and transported as specified in the procedures
in Section 5. Results of VOC, SVOC, and chemical analyses will be sent to the
sampling staff at PNL. Analysis results will be entered into the HEIS data-
base. Results of physical property analyses, SFE sediment matrix characteri-
zation, and microbiological analyses will be published in report form.

7.0 SAMPLE DISPOSAL

Once samples have been analyzed, the samples will be disposed of by the
sampling or laboratory personnel. Sampled material that remains on Hanford
Site will be disposed of at the drill site where it was collected. If samples
are contaminated, they 11 be disposed of per WHC (1988b).

8.0 HYDROLOGIC TESTING AND ANALYSIS

The following subsections discuss spec...c deve »n ., test. J, and
analysis activities that will be undertaken in the in situ pioremediation
well, 299-W11-32.

8.1 WELL DEVELOPMENT

Following completion, the new well will be developed. The well will be
bajled after installation of filter pack material and before installation of
bentonite seal material for each screen interval to settle the filter pack.

After the well has been constructed, it will be developed, as directed
specifically by the site hydrologist, by pulsed pumping (pump on and off) in a
stepwise fashion using a submersible pump without a check valve. The pumping
will increase in steps of approximately 38 L/min and ending at approximately
190 L/min. The pump may be turned on and off several times during each step,
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valve downhole. If possible, an in-line flowmeter will be installed downhole
to measure the flow rate of the circulated water.

Ion-selective bromide probes will be installed at stationary positions
in the test well to monitor each test interval. The probe in the upper screen
will be placed near the water table, several feet from the outflow location.
Downhole ion-selective probes will also monitor the vertical distribution of
tracer concentration within one or both of the adjacent existing wells,
299-W11-29 and 299-W11-30.

Downhole pressure transducers will be installed within each screened
interval in the multi-screened well and in wells 299-W11-29 and -30. The
transducers will measure the pressure head distribution during all phases
(i.e., pre-test, stress, and recovery) of the test.

Several days of pumping may be required to run the recirculation tracer
test. No water will be purged for disposal during this test because water
will be recircu ited within the saturated interval (except for water that will
be removed for sample collection).

Depending on the results of the test and other prospective data needs, a
second recirculation test may be conducted between the lower two screened
intervals (see Figure FSP 8-2). An additional test may dinge on the schedule
and budget.

8.2.5 MWater-Level Monitoring

Water-level measurements will be collected from the existing wells
periodically (i.e., every 2 to 4 wk) to evaluate the hydraulic gradient and to
monitor the decline 1 the water table. These measurements will be collected
throughout the duration of the hydrogeologic characterization activities in
1993 and 1994. Water-level measurements from any new wells will be incor-
porated into the schedule once they are completed. Water levels will also be
measured in a network of wells in the vicinity of the field site on a
quarterly basis.

8.3 GROUND WATER SAMPLING AND ANALYSIS

After the multi-scri 1ed well is completed, ground water s )les will be
collected from each of the monitored zones during each screen isolation test.
The samples will be collected via a sampling port in the discharge line.
Samples will be placed in coolers for storage and sent to the laboratory for
analysis. Additional ground water samples will be collected for field
analysis. Sample collection, handling, preservation, transport, and ana sis
for the samples requiring laboratory analysis will be conducted according to
the methods contained in this work plan.

For each interval, the samples will_be analyzed in the laboratory for
VOC, metals, anions, ammonia, sulfide, Fe>*, Fe?, specific conductivity,
alkalinity, pH, and selected radionuclides. The chemical parameters pH,
temperature, electrical potential (Eh), dissolved oxygen, nitrate, nitrite,
sulfide, specific conductance, ammonia, and alkalinity will be measured from
each interval in the field during sample collection.
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Field monitoring of selected hydrochemical constituents may be conducted
during one or more of the hydrologic tests in which water is withdrawn from
the well. The constituents will be Ph, temperature, Eh, specific conductance,
dissolved oxygen, iron, sulfide, ammonia, nitrite, nitrate, and VOC. These
samples will help to support background chemistry conditions of the ground
water for the field demonstration test.

8.4 EQUIPMENT NEEDS

A list of field equipment that will be needed for carrying out the
characterization activities for FY 93 is provided below:

slugging rod

1.5-m screen with bottom hook

inflatable packer systems with riser pipe and fittings
pressurized nitrogen bottle and regulator

inflation line for inflatable packer systems

electric submersible pumps

pump shroud for packer system configuration
small-capacity sampling pumps

water level recorder (five downhole probes)

six downhole ion-selective probes and logger

wellhead assembly with sampling port, gate valve, and tee
in-Tine flowmeter

field water chemistry analysis equipment

flow-through cell and meter

downhole flowmeter.

The downhole ion-selective probes will be fabricated at PNL. The
slugging rod will be fabricated by WHC or Kaiser Engineers Hanford (KEH).
Some of the equipment may be available through support by WHC or KEH. Most of
the other equipment wi’ have to be purchased. A lead of approximately 2 mo
is required for most of the purchased equipment.

8.5 SCHEDULE FOR HYDROLOGIC TESTING

The ini rated schedu” - * all drilling, samplir ., and testing
activities is provided in Figure FSP 8-3. Detailed schedule considerations
for specific hydrologic test activ' ies are provide

The slug tests will be scheduled with the drilling after drilling
reaches the water table. The slug tests are expected to take no more than
1 day each.

Well development is expected to take 2 days. The screen isolation tests
will require up to 3 days for preparation (e.g., installation of the packer
system) and then approximately 4 days to conduct the tests, including recon-
figuration of the packer system between tests. The single-well, vertical
hydraulic conductivity tests will be conducted after screen isolation tests.
The initial test will require up to 3 days to prepare for and approximately
4 days to conduct. The dipole test will require approximately 3 days for
preparation and approximately 4 days to conduct the tests. The recirculation/
mixing test will be conducted after dipole test is complete. Approximately
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WHC, 1988b, Solid Waste Management, WHC-CM-5-16, et seq., Westinghouse Hanford
Company, Richland, Washington.

WHC, 1992, Test Plan for Demonstration of the Point Soil-gas and Saturated
Zone Sampling and Testing (PSSST) Device, WHC-SD-EN-TP-013, Rev. O,
prepared by S. P. Luttrell and G. V. Last, Pacific Northwest Laboratory,
for Westinghouse Hanford Company, Richland, Washington.
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1.0 PROJECT DESCRIPTION

1.1 OBJECTIVE

The primary objective of the Volatile Organic Compounds-Arid Integrated
Demonstration (VOC-Arid ID) is to demonstrate new technologies for the char-
acterization, remediation, and monitoring of the 200 West Area carbon tetra-
chloride contamination. The primary objective of the 200 West Area expedited
response action (ERA) is to remove carbon tetrachloride from the unsaturated
soils in the 200 West Area. The VOC-Arid ID and ERA site characterization
programs have been merged to maximize efficient use of time and resources and
to ensure that each activity and the resulting products achieve the maximum
usefulness to both programs. The focus of the FY 93 VOC-Arid ID/ERA site
characterization effort will be on further refining the conceptual model and
on providing baseline data to support the technology demonstrations. Specific
project objectives for the field investigation tasks of the FY 93 site
evaluation are outlined in Section 3.1 of this work plan.

1.2 BACKGROUND

The VOC-Arid ID/ERA site is located in the south-central part the
Hanford Site’s 200 West Area (Figures 1, 2, and 3 of this work plan). The
descriptions of the location and physical characteristics of the demonstration
site, nature and extent of contamination, and detailed background information
regarding the history of this site is in Section 2.0 of this work plan.

1.3 APPLICABILITY

This QA project plan applies specifically to the FY 93 site characteri-
zation field activities and laboratory analyses performed as part of environ-
mental investigations for the VOC-Arid-ID/ERA. It is an element of the SAP
prepared specifically for this phase of investigation. A1l plans and proce-
dures referenced herein are available for review on request at the direction
of the project manager. QA/QC for these activities will consist of tech-
nically sound procedures with associated instrument calibration and mainte-
nance, and field and 1: »ratory dt uw tation.

1.4 SPECIFIC OBJECTIV™S

Specific objectives for field investigation tasks are given in
Table QAPP 1-1.
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VOC - volatile organic compound

VOGC - volatile organic gas chromatograph
SVOC - semi-volatile organic compound
TOX - total organic halogens
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OVM - organic vapor monitor
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1989, Procedures for Ground-Water Investigations, PNL-MA-567, Pacific
Northwest Laboratory, Richland, Washington.

1992, Procedures for Ground Water Investigations, PNL 6894, Rev. 1,
Pacific Northwest Laboratory, Richland, Washington.

1988a, Environmental Investigations and Site Characterization Manual,
WHC-CM-7-7, Westinghouse Hanford Company, Richland, Washington.

1988b, Quality Assurance Manual, WHC-CM-4-2, Westinghouse Hanford
Company, Richland, Washington.

1990, Environmental Engineering, Technology, and Permitting Function

Quality Assurance Program Plan, WHC-EP-0383, Westinghouse Hanford
Company, Richland, Washington.
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necessary. Site access and training requirements for visitors are described
by Laurenz (1992).

Response to possible emergencies at the site will generally require
notification of emergency response personnel either by pht ! or plant radio.
Minor personnel injuries can be treated at the 200 West Area first aid
station. Site personnel will discuss actions to be taken in regular safety
meetings held at the site. With the exception of installation of new wells,
field investigi ion tasks will not require detailed emergency plans as they
are relatively simple, low hazard tasks. As ¢ 2 remedial action decisions are
made and tasks become more complex, both emergency plans and safety plans will
become detailed.
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