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3.0 Approach

3.1 Objectives

Test objectives were developed and presented in the field test plan (DOE 2010b). These objectives
are summarized in the bulleted items below and have the overall goal of providing information about
desiccation such that the technology can be effectively evaluated in subsequent feasibility studies for
waste sites with inorganic and radionuclide contaminants in the deep vadose zone.

e Design Parameters: Determine the design parameters for applying soil desiccation, including
operational parameters such as injected nitrogen flow rate and injected temperature, and identifying
soil moisture reduction targets to achieve acceptable reduction of contaminant transport in the vadose
zone.

» Desiccation Fielc st Performance: . zmonstrate field-scale desiccation for targeted areas within the
vadose zone.

— Quantify the nitrogen flow, water extrac n rate, and other operational parameters to evaluate
implementab ty of the process on a large scale.

— Determine the extent of soil moisture reduction in the targeted treatment zone to evaluate the
ort-term effectiveness of the process.

-~ After desiccation is completed, determine the rate of change in soil moisture for the desiccated
Zone.

— Determine the best types of instrumentation for monitoring key subsurface and operational
parameters to provide feedback to operations and evaluate long-term effectiveness.

e Scale-up Assessment: Determine the number of injection and extraction wells, screened intervals,
type of equipment and instrumentation, and operational strategy such that costs for full-scale
application can be effectively estimated.

3.2 Experimental Design and Procedures

The experimental design and procedures are summarized below with subsections on Test Site
ackground (3.1.1), Test Layout and Operations (3.2.2), Equipment and Materials (3.2.3), Sampling and
Analysis (3.2.4), Data Management (3.2.5), and Deviations from the Test Plan (3.2.6).

3.21 Test Site Background

The field treatability test for desiccation was conducted in the Hanford Site 200-BC-1 Operable Unit,
commonly referred to as the BC Cribs and Trenches Area (Figure 3.1). The 6 cribs and 20 trenches at this
waste disposal site received about 110 million L of aqueous waste containing high nitrate and
radionuclide concentrations, primarily from Hanford Site operations in the mid-1950s. The site was
selected for the field test because relatively high concentrations of mobile Tc-99 contamination and high
moisture contents are present at relatively shallow depths, facilitating test « :rations, yet representing
conditions found deeper in the vadose zone where desiccation could be considered as part of a remedy.
The test area is located between adjacent waste disposal cribs where the subsurface was impacted by

3.1
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were used to simultaneously measure oxygen levels at different sampling ports. A data acquisition and
control system (model CR1000, Campbell Scientific Inc., Logan, UT) was used to record the sensor
output.

3.2.2.6 Above Ground Equipment and Overall Data Collection System

Figure 3.6 shows the general test layout including the primary above-ground equipment for gas
injection and extraction.

EXTRACTION WFLL ™~
WELWL C7047
295~E13~65
®
/
NOT TO SCALE /
/
/
/
/
/
/
/
/ LIQUID SEPARATOR
/ AND CONDENSATE
/ CHILLER  SAMPLING
; SENSOR MANIFOLD
« /

G NITROGEN GAS FROMLIQUID NITROGEN TANK AND VAPORIZER UNIT

mfzﬂ'oc: ::JELL /' o  INLINEHEATER
299-£13-62 AND FLOW

CONTROL VALVE

Figure 3.6. Test Site Injection and Extraction Equipment
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e QOostrom M, VL Freedman, TW Wietsma, and MJ Truex. In Press. “Effects of Porous Medium
Heterogeneity on Vadose Zone Desiccation: Intermediate-Scale Laboratory Experiments and
Simulations.” Vadose Zone Journal.

e Truex MJ, M Oostrom, CE Strickland, GB Chronister, MW Benecke, and CD Johnson. In Press.
“Field-Scale Assessment of Desiccation Implementation for Deep Vadose Zone Contaminants.”
Vadose Zone Journal.

e Chronister GB, MJ Truex, and MW Benecke. 2012. “Soil Desiccation Techniques - Strategies for
Immobilization of Deep Vadose Contaminants at the Hanford Central Plateau.” In Proceedings of
Waste Management Symposia 2012.

e Truex! M Oostrom, JE Szecsody, CE Stricl ind, GB Chronister, and MW Benecke. 2012.
“Technical Basis for Gas-Phase Vadose Zone Rem¢ ation Technologies at Hanford: A Review.” In
Proceedings of Waste Management Symposia 2012.

e QOostrom M, TW Wietsma, CE Strickland, VL Freedman, and MJ Truex. 2012. “Instrument Testing
during Desiccation and Rewetting at the Intermediate Laboratory Scale. Vadose Zone Journal,
doi:10.2 36/vzj20. 0089.

e Oostrom M, GD Tartakovsky, TW Wietsma, MJ Truex, and JH Dane. 2011. “Determination of
Water Saturation in R itively Dry and Desiccated Porous Media Using Gas-Phase Partitioning
Tracer Tests. Vadose Zone Journal 10:1-8; doi:10.2136/vzj201 2101.

e QOostrom M, TW Wietsma, ] Dane, MJ Truex, and AL Ward. 2009. “Desiccation of Unsaturated
Porous Med  Intermediate-Scale Experi ents and Numeric: Simulation.” Vadose Zone Journal
8:643-650.

3.2.6 Deviations from Work Plan

The field test plan was followed for the test with the following exception. While initial results with
gas-phase tracers for monitoring desiccation were favorable in artificial porous media, Oostrom et .
(2011) showed that significant sorption of all gas-phase tracers, even those injectc as conservative
tracers, occurred once s ments were desiccated. Because the injection point for the tracers would have
been the injection wi  where significant desiccation occurs rapidly, gas-phase tracers were not e for
the test. Instead, the oxygen displacement tracer technique described in Section 3.2.2.4 was apj to
evaluate soil gas flow patterns.
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Figure 11 Neutron Moisture Probe Response Over Time for Location C7533 (4.182 m from injection
well). e base time is a logging event in December 2010, prior to the continuous active
desiccation period. Other data are for logging events in nominal days after the end of
active desiccation.
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Figure 4.84. Moisture Contents at Various Times during Rewetting for Case I-2 (Vapor diffusion only)
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1(

20 Lol Lot
10

| ure4.(20 3% Saturation Contour After 1 Year of Desiccation. The initial saturation was ~7%.
Black lines: Base Case (300 cfm; 10 anisotropy; no surface cover); Red lines:
600 cfm; Blue lines: Isotropic; Orange dashed lines: Surface cover. Note that the
orange dashed and black lines are coincident.

OTe 4.1 Gas Flow Rate Out of the Top Domain Surface

Flux Out of Top Surface
D(m) Variable (L/min)
10 base case 140.9
10 600 cfm 276.3
10 isotropic 616.9
10 cover 0
30 base case 44
30 600 cfm 9.0
30 isotropic 227.0
30 cover 0
60 base case 0
60 600 cfm 0
60 isotropic 359
AD caver 0
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5.0 Quality Assurance Results

T Data Quality Objectives Summary Report for the Soil Desiccation Pilot Test (CHPRC 2009)
ies principle study questions (PSQ) for the treatability test. Below are those questions and brief
discussions of how each has been met.

PSQ #1: Will soil desiccation result in significant reduction of the sediment moisture content?

Desiccation reduced sediment moisture content to nearly zero in a significant portion of the zone
targeted by the test (see Section 4.2.2.1, Active Desiccation Performance Assessment). While
desiccation proceeded initially in strata having higher permeability, adjacent strata with lower
permeability began to dry as well.

PSQ #2: Will a significant rate of sediment desiccation be accomplished during the test?

Desiccation proceeded as expected, correlating directly with the rate of dry gas injected (see
Section 4.2.2.1, Active Desiccation Performance Assessment).

PSQ #3: Can soil desiccation be performed cost effectively?

Extrapolation of test results to a proposed remediation indicates that cost is limited to dr ing
injection wells, a comparable quantity of monitoring boreholes, blowers to inject ambient air, and
heaters to condition the ambient air, as appropriate, for the duration required to desiccate the
target region (see Section 2.0 Conclusions and Recommendations, Section 6.0, Cost and
Schedule, and Section 4.2.4.5 Assessment with Respect to CERCLA Feasibility Study Criteria).
All aspects of the remedy utilize readily available technology and robust equipment.

PSQ #4: Can soil desiccation be accomplished such that it is effective in protecting groundwater in the
long term?

Numerical simulations were performed that show desiccation, in combination with a surface
b  erdesigned to minimize recharge, wi protect groundwater from mobile vadose zone
contamination (Truex et al. 2011).

Data collection and evaluation, a1 laboratory sample analysis were conducted in accordance with the
methods and specifications described in the Sampling and Analysis Plan for the Soil Desiccation Pilot
Test (DOE 2010c). A data quality assessment will be provided in a future revision of this test report that
includes description of how the quality control limits were met for detection limits, accuracy, and
precision (i.e., Table 1-2 and in accordance with Sections 2.3 and 2.4 of the Sampling and Analysis Plan
Jor the Soil Desiccation Pilot Test [DOE 2010c¢]).
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