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and the contaminant flow path are captured in Figure 1Eisure-t, generated by MSE to facilitate
the understanding of the site.

During 1985 uranium concentrations in the groundwater abruptly increased from 166 to 72,000
pCi/L. Limited pump and treat activities were initiated in 1985 to recover the uranium from the
groundwater using ion exchange. During the six months of pump and treat, about 687 kilograms
(1,500 pounds) of uranium were recovered and the concentration in well 199-W19-3 was reduced
to 1,700 pCi/L.

From September 1995 to February 1997, the Phase I pump-and-treat injection operations operated
'ng a single extraction well and a single injection well. Operations were halted from February
8, 1997 to March 30, 1997.

On February 25, 1997, an interim action ROD was issued for the 200-UP-1 pump-and-treat
operations. The selected remedy consisted of pumping and treating the highest concentration
zone of the uranium and technetium-99 plumes. Before the interim action ROD, groundwater
was treated onsite using ion-exchange technology and granular activated carbon. Since starting
Phase II of the operations in March 1997, groundwater is transported to the Effluent Treatment
Facility (ETF). Once treated, the groundwater is discharged to the state-approved land disposal
site north of the 200 West Area.

In addition to the uranium and technetium-99 plumes, nitrate and carbon tetrachloride are also
present within 200-UP-1 Operable Unit in concentrations above the MCL for drinking water.
Nitrate contamination resulted from discharges of neutralized nitric acid to various cribs located
in the U Plant and S Plant areas. The source for the carbon tetrachloride is believed to be
upgradient and outside the 200-UP-1 Operable Unit, and associated with the Z Plant disposal
sites. The extent of carbon tetrachloride and nitrate contaminant plumes are much larger
compared to uranium and technetium-99 plumes. Carbon tetrachloride contamination in the
groundwater is found throughout the entire 200 West Area. The nitrate plume extends from west
of the 200 Area to the Columbia River. A small portion of carbon tetrachloride was used as a
degreasing agent in the 200 Area. Therefore, the carbon tetrachloride plume was reported and
designated as a listed waste. The nitrate plume is much larger and coalesces with other nitrate
contaminant plumes from a number of 200 West Area facilities.

The leading 'ge of tium pl has migrated beyond the 200 West Area boundaries. The
combined uranium and technetium-99 plume covers an area of approximately 0.5 square
kilometers (0.2 square miles).



















2 QUALITY ASSURANCE PROJECT PLAN

This section provides the quality assurance project plan (QAPP) for the sampling and analysis
activities proposed in support of the uranium mobility study in the PW-2 and UP-1 Operable
Units in the 200 West Area of the Hanford Site. The purpose of the QAPP is to integrate the
technical aspects with the quality aspects of the project to ensure that the results are good quality.
The quality assurance/quality control (QA/QC) requirements presented in this QAPP implement a
graded approach based on EPA QA-R-5, ...’4 Requirements for Quality Assurance Project Plans
(EPA 1999). Consequently, the level of detail described for each of the tasks varies based on the
nature of the sampling and testing being performed.

2.1 PROJECT MANAGEMENT

This section addresses project management, including project objectives and roles and
responsibilities of the participants. The project team includes participants from the following
organizations:

DOE-Richland (DOE-RL);

Bechtel Hanford Incorporated (BHI);
Washington Department of Ecology; and
MSE Technology Applications, Inc. (MSE).

2.1.1 Project/Task Organization
The project team organizations, their responsibilities and tasks, and the key individuals for the

project team in planning and implementing the project tasks have been identified in the Multi-
Year Implementation and Project Management Plan, Section 2.1 (MSE 2001).

2.1.2 Problem Definition/Background
Currently, a pump and treat system is in place in the 200 West Area of the Hanford Site and is
or ninant mass within the | un  and minimi  migration of u  1ium and
the 200 West ;.. Specifically, the lial action objectives for the pump
d treat system are to:

¢ Reduce contamination in the area(s) of highest concentrations to below 10 times the
cleanup level under the MTCA for uranium and 10 times the MCL for technetium-99.

e Reduce potential adverse human health risks through reduction of contaminant mass.
e Prevent further movement of these contaminants from the highest concentration area.

e Provide information that will lead to development and implementation of a final remedial
action that will be protective of human health and the environment.




































2.2.8 Data Management

Samples and field data will be managed by BHI in accordance with BHI-EE-01, Environmental
Investigation Procedures, Section 2, “Sample Management.” Laboratory analytical results and
field data will be maintained by MSE. The analytical laboratory shall provide a quality assurance
report to MSE. MSE will submit the final project report to BHI, DOE/RL, and the Washington
Department of Ecology. MSE will maintain an electronic copy and hard copies of the final report
through Document Control.

2.2.9 Sample Preservation, Containers, and Holding Times

The  ple preservation, containers, and holding time requirements for the analyses to be
performed are summarized in Section 4.2, Table 7.

2.2.10 Field Documentation

Field documentation will be maintained in accordance with BHI-EE-01, Environmental
Investigation Procedures, including the following procedures:

Procedure 1.5, “Field Logbooks”

Procedure 1.13, “Environmental Site Identification and Information Reporting”
Procedure 3.0, “Chain of Custody”

Procedure 3.1, “Sample Packaging and Shipping.”

2.3 AASSESSMENTIOVERSIGHT

This section addresses the activities for assessing the effectiveness of project implementation and
associated QA and QC activities. The purpose of assessment is to ensure that the QAPP is
implemented as prescribed.

2.3.1 Assessments and Response Actions

Assessments will be conducted during the project to verify compliance with the requir  nts
outlined in the SAP, project work packages, the BHI quality .nag :nty  ,and BHI
procedures and regulatory requirements. Assessments include, but are not limited to,
surveillance, management systems reviews, readiness reviews, technical systems audits,
performance evaluations, audits of data quality, and data quality assessments. Deficiencies
identified by any of these assessments will be reported to project management. When
appropriate, corrective actions will be implemented. Corrective actions will be documented in
logbooks and management will be notified.

2.3.2 Reports to Management

Assessment reports will be provided to project management. Management will be made aware of
deficiencies identified by these assessments and the corrective actions implemented.
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3 EXPERIMENTAL DESIGN

The distribution of contaminants such as uranium in the soil profile depends on the physical
properties of the waste stream, which provides the transport medium (i.e., water), and the
chemical properties of the contaminant, which affect contaminant-soil interactions. Other
characteristics affecting the contaminant soil interaction include the geologic and geochemical
properties of the soil column and the composition of soil moisture and soil gases. Contaminant
soil interaction is generally described in terms of the following processes:

Adsorption and desorption including ion exchange;

Precipitation and dissolution;

W N =

Filtration and remobilization of colloids and suspended particles; and

4. Diffusion into micro-pores within mineral grains.

Of these, adsorption and desorption of the contaminant to the soil matrix are probably the
dominant processes for site conditions. As such, the project has been designed to understand
controls on these processes. Precipitation and dissolution are also expected to influence uranium
mobility, and will be investigated during the project. The other processes listed will be addressed
to determine their relative importance. However, they are not expected to be important to the
mobility of uranium at the site.

3.1 THE GEOCHEMICAL AND CONCEPTUAL MODELS

A geochemical model of the site will be developed to describe the mobility of uranium in
unsaturated and saturated zones for the existing site conditions. To provide the best geochemical
model, both the unsaturated and saturated zones must be characterized. The unsaturated zone is
important because uranium is likely still bound in the soil. Consequently, the unsaturated zone

a potential continuing contaminant source. Likewise the saturated zone is important because it is
the primary focus of the current remedial action (pump-and-treat).

The geochemical model will be used to enhance the current conceptual model of the site. The
conceptual model is the basis for developing flow and transport models, which serve to evaluate
potential remedial options for the site. It is imperative to study and understand the entire mobi. /
system, including the contaminant source, vadose zone transport and adsorption processes, and
the saturated zone transport and adsorption processes. Concentrating on one of these, could
potentially lead to the implementation of a remedial action that will ultimately fail. By
characterizing and understanding the entire process, future modeling of the uranium mobility will
be significantly more detailed and as a result a more successful remedial system can be designed.

Developing the geochemical model will require going beyond empirical adsorption isotherm
models, which cannot be extrapolated to conditions that differ from those considered in model
parameterization. Surface complexation adsorption models can allow such extrapolation
(Langmuir, 1997), and so may be used to predict uranium adsorption/desorption under conditions
that might be encountered during various remediation scenarios outside those studied.

The use of surface complexation models requires an understanding of the chemical and physical
properties of the soil, porewater (unsaturated zone), groundwater (saturated zone), and the waste
str . & 7 :ecomplexation models ts" into account changes ir * irption as a function of
pH, and concentrations of competing ions and complexed species, and therefore are well suited to
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conditions of changing pH and soil/groundwater chemistry. Such variable conditions are
expected at the site due to the variable nature of the waste stream. Additionally, remedial options
for the site may also require consideration of the effects of changing soil/groundwater chemistry,
including pH, on uranium mobility.

Once the geochemistry of the system is understood, both laboratory experiments and
complexation modeling can be undertaken to describe the mobility of the uranium in the
unsaturated and saturated sediments. This approach will allow a better understanding of the
recharge of uranium from the vadose zone to the groundwater. Moreover, the mobility of
uranium in the groundwater will be better understood. The detailed characterization of the
unsaturated and saturated zones, with respect to uranium mobility, will permit a more precise
evaluation of various remediation options for the site.

Results from the surface complexation models will be validated through additional laboratory
analysis on the unsaturated and saturated zone soil samples acquired from the planned borehole.
These analyses may include batch tests and column studies. The precise validation method will
depend on the amount of sample material available and the sample characteristics (i.e.,
contaminated or uncontaminated).

3.1.1 Surface Complexation Parameters

The following discussion of surface complexation model parameters is from Langmuir (1997).
There are several surface complexation modeling schemes. The three most common are the
diffuse layer model, the constant capacitance model, and the triple layer model. All yield the
same general solutions, however, the diffuse layer model requires the least number of parameters
to execute. All of the models require the concentration of available sorbing sites in a given
volume of the soil matrix, which is a function of the surface area of sorbents exposed to the
porewater solution and the surface charge density of the sorbents. The concentration of available
sorbing sites is typically expressed as the number of moles of sorbing sites in contact with a liter
of solution. The concentration of sorbing sites is determined from the following relationship
(Langmuir 1997).

N (site/m*)x S (m* / g)x Cs( /1)
N ,(sites | mole - sites)

[ gon (mol - sites / L) = a+juation 1

Where:

Ison  is the concentration of sorbing surface sites, measured in moles of monovalent
sites exposed to a liter of solution,

Ns is the surface site density,

Sa is the surface area per weight of sorbent,

Cs is the weight of sorbent in contact with a liter of solution, and
Na is Avagadro’s number of sorbent sites per moles of sites.
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These expressions show that an increase in alkalinity or in pH favors formation of the complex.

It is possible to extract unsaturated zone moisture and analyze it to determine the alkalinity; but,
there is no cost-effective way to measure the pH of soil moisture at depth. However, the pH of
unsaturated zone waters depends on the CO, pressure in the unsaturated zone air, as is evident in
the following reaction:

CO:(®)+ H,0=2H"+2 HCO; Equation 4

For which:
fp__.)
K. . o Equation 5
* [H']'[HCO]

The CO, pressure of unsaturated zone air cannot be assumed equal to its value of about 0.0003
bars found in atmospheric air. In fact, its pressure at depth is likely to be 10 to 100 times greater
(cf. Langmuir, 1997, p. 158). Nevertheless, if the partial pressure of CO; gas in the unsaturated
zone air and the alkalinity of the water are measured, the pH of soil moisture can be computed
through Equation SEquatienS. The computed pH and measured alkalinity permit the calculation
of concentrations of carbonate complexes through Equation 3Equatien-3, thereby making it
possible to estimate the solubility of U(VI) and its tendency to be adsorbed. In other words, the
measured alkalinity and CO, pressure permit estimating the mobility of uranium in the
unsaturated zone, provided other geochemical information, e.g., sorption sites etc. is available.

MSE proposes to focus soil sampling activities in the Plio-Pleistocene unit, specifically the

caliche layer often present in the unit. Sampling will be concentrated in this zone in an attemp >
quantify the impact of the caliche layer on CO, concentration in the formation air.

3.2 . .(PERIMENTAL APPROACH

The results of the diffuse layer model are typically expressed in terms of the concentration of
sorbate in the porewater and the amount adsorbed to a given surface area of soil material. If the

" effective surface area of a weight of sorbent material is known, partitioning relationships can be

derived from these results (Langmuir,1997; Pabalan et al., 1998). The power of the surface
complex ° n approach is that the pa ~ ioning relationships can be developed for various soil
conditions that currently exist at the site, and for different conditions that might arise during
remediation efforts. The result is a dynamic model for predicting uranium mobility at the site.

The majority of the data for developing the conceptual model will be obtained from analysis of
soil and porewater samples acquired during the installation of a well planned for FY01 within the
UP-1 Operable Unit. Other data s« es may include soil samples as available from the core
library and data obtained from a cone penetrometer test (CPT) conducted near the location of 1
borehole. In addition to acquiring subsurface data, the proposed CPT investigation is designed to
optimize the sampling during the drilling program. The CPT investigation is described in deta

in Section 5.1.2.

The sampling effort, to be accomplished at the Hanford Site, will be coordinated in conjunction
with BHI, and site work requirements and protocols. BHI, as representative of the host site, has
assumed responsibility for coordination of in-kind and direct sampling support for this effort, and
is therefore providing the EM-40 cost sharing. The host site will provide support in the areas of

26






























5.2 SAMPLE METHODS

5.2.1 Carbon Dioxide Measurements

Collection of gas samples from the formation(s) is necessary to measure the carbon dioxide (CO,)
content in air present in unsaturated sediments. The CO, measurement is critical to the project
because CO, of the formation gas, being in chemical equilibrium with CO, dissolved in soil
moisture, is one of the main factors controlling mobility of uranium in the unsaturated zone (see
Section 3.1.2). Since the unsaturated zone is considered to be the uranium source for the
contaminated groundwater, it is imperative to determine the mobility of this source. Once
recognized, the leach rate of uranium from the unsaturated zone at the water table interface can be
quantified. This will allow for a successful simulation of uranium transport in the groundwater,
whose cleanup is the ultimate objective. An adequate simulation of uranium transport in the
groundwater will require information and data on uranium mobility in both the unsaturated and
saturated zones.

It is estimated that the thickness of the unsaturated zone at the borehole location is approximately
210 feet. Assuming samples of the formation gas can be acquired to a depth of approximately
140 feet using a cone penetrometer testing (CPT) rig, gas samples from the remaining portion of
the unsaturated zone will be acquired from the borehole drilled by the cable tool method. For this
portion of the sampling, real time measurements of CO, concentration will be acquired and
graphed to determine whether atmospheric air was evacuated from the borehole and the gas
sample is representative of the formation gas. This will be recognized by a flattening of the
diagram of carbon dioxide concentration versus time. The CO, sampling will be contingent on
scheduling and funding.

At least one formation gas sample from each sampling interval of the cable tool borehole and,
possible the CPT hole, will also be sent to the laboratory to validate the sample quality. Analyses
will be completed to determine the degree of contamination, if any, of the sample with
atmospheric air. Contamination will be evaluated using an isotopic analysis for the ratio of stable
isotope of carbon ("’C) to carbon (**C) in the collected gas sample.

5.2.1.1 Carbon Dioxide Sampling of CPT Hole

Based on previous experience of Applied Research Associates, Inc.  RA), the CPT should be
able to penetrate sediments to the depth of the first caliche-layer occurrence, which is assumed to
be 140 feet below ground surface (bgs). Carbon dioxide concentrations in this interval will be
measured continuously at the outlet of a vacuum pump that is drawing gas at the tip of the
penetrating cone. A gas analyzer capable of measuring CO, concentration ranging from 0 ppm to
500,000 ppm with resolution of 100 ppm will be used.

Costs for the CPT and necessary permitting efforts will be covered by MSE. The subcontractor
shall secure the necessary permits to push the hole in close proximity to the planned borehole
prior to drilling activities. MSE will be responsible for these subcontracted costs. It is expected
that the CPT work will be completed within one working day.
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5.2.2 Split-Spoon Samples

Soil samples will be obtained during drilling using a 5-inch outside diameter (OD) split-spoon
sampler with a two-foot body. Liners will be used inside the split-spoon samplers to contain the
sample material. Sampling shall follow the applicable sections of BHI-EE-01, Procedure Number
4.0, Soil and Sediments Sampling, Rev. 2 for split spoon sampling.

5.3 SAMPLE MANAGEMENT

Samples obtained for this study will be released by BHI to the contract laboratory in accordance
with BHI-EE-10 Procedure 8.0 and any other necessary radiological release authorization. MSE
will e a laboratory contract in place prior to the start of the sampling activities. The contract
laboratory will be certified to accept and handle radioactive and hazardous waste. BHI will work
with MSE to obtain the necessary release authorization(s). MSE will be responsible for
packaging and shipping the samples.

Upon completion of the analysis, the sample material will be disposed of according to approved
and established procedures. The laboratory shall be responsible for the disposal. Samples will
not be retumed to Hanford for disposal.

5.4 FIELD MEASUREMENTS AND OBSERVATIONS

5.4.1 Soil Moisture

The weight percent soil moisture will be measured in the field using the Calcium Carbide Gas
Pressure Test Method according to ASTM D4944-98.

5.4.2 Geologic Logging

Lithologic descriptions made from observations during drilling and from inspection of core will
be made according to the BHI-EE-01 Procedure Number 7, Revision 3, Geologic Logging.

5.4.3 > "iole Geophysical Measurements and Loggir — Interva

High-resolution spectral gamma and neutron mo  ire data will be acquired using the st lard
borehole geophysical logging procedures after each major string of casing is installed. MSE will
procure a qualified borehole logging subcontractor prior to the beginning of the drilling activities.
It is estimated that two strings of casing will be logged. If possible, MSE will have the logging
com :ted off-hours, after the drilling is completed, to prevent interference with the drilling
activities. If logging does interfere with the drilling activities, BHI will provide cost for driller
standby and the associated labor for the BHI crew.

5.4.4 Hydrogeologic Information
Relevant hydrogeologic information needed for geochemical and transport modeling will be

taken from existing reports. This includes moisture retention curves for unsaturated sediments
that were developed at the Hanford Site.
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