





DOE/RL-2010-04
Revision 0

TRADEMARK DISCLAIMER

Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or
subcontractors.

This report has been reproduced from the best available copy.

Printed in the United States of America



‘

DOE/RL-2010-04, REV. 0

Approval Page

Title Field Test Plan for the Soil Desiccation Pilot Test

Approval Briant L. Charboneau
U.S. Department of Energy, Richland Operations Office

v
P—)s— o
Signature Date
Approval Rod Lobos
U.S. Environmental Protection Agency
P-20-2o1







10
11

12

DOE/RL-2010-04, REV. 0

Contents

Project Description 1-1
L.l INEEOAUCHION L.ttt st e ettt b et esb e e bt e s sbe e sateasbeeateeseeenaeesreennens 1-1
F.2 PrOJECE ACHVITICS ...oeiviiiieeiieiieeie et et e et e et e eese e e s e et aeseaestassaasaeesnsraanseasbeasaeesseesbeeanbenaeas 1-2
Treatment Technology Description 2-1
Test Objectives 3-1
Experimental Design and Procedures 4-1
4.1 Test Site Location and DESCTIPHON ........c.cciuiiriviiiiieiiieciiesieenresteebeesrae v senessnesereesneesesenaes 4-1
4.2 Experimental DESIZN .....coooiiiiiiiiiiii ettt s 4-3

4.2.1 Technical BaSIS .....cooiiiiiiiiiiii ettt 4-5

422 APPTOACH ... ottt et e e 4-37
4.3 PrOCEAUIES ..ottt ettt e 4-44
Equipment and Materials 5-1
5.1 Desiccation Field Test Instrumentation Plan.............coccociiiiiiiiiiie e 5-1
5.2 Thermocouple PSYCRIOMEETS ....ccouiiiiiiriiiiice ettt seve s ees 5-3
5.3 Heat DisSIPAtion UNIt.....ccccooiiiiiiesieiiieecie e e ere e ererararesseestsestseseasaesbeesnessrassseesasessnensens 5-4
5.4 TRCITIISLOT .ottt ettt sttt ettt e e e e e et et et e bt en e se e et e eatebeeeeeseesnenieeneennaas 5-4
5.5 HUMIAIEY .ottt ae sttt be et abasae b naeeneenens 5-5
5.6 Dual Probe Heat PUISC......c.cooiiiiiiiiee ettt e eesae e e 5-5
5.7 Ground Penetrating Radar.........c.ccoiiiiiiiiiiii e 5-6
5.8 Electrical Resistivity IMaging .......c.cooiiiiiiiiiiiiiieee ettt et r e eee e 5-8
5.9 NEULTON PrODC. ...ouiiiiie ettt e b e s sb e e enbesieennns 5-8
Sampling and Analysis 6-1
Data Management 7-1
Data Analysis and Interpretation 8-1
8.1 Operational Dcsiccation Performance............oc.ooiiiiviiiiiiiioieiii e, 8-1
8.2 Long-Term PerfOrmance .......c.cccoviiiiiiiiiiiiiiiiiccic ettt ete ettt eeae e e s s sseete e 8-2
Health and Safety 9-1
Waste Management 10-1
Community Relations 11-1
LI T PUIPOSE .ttt ettt sttt e e e es e e e e ens e se e easteraensesssereeneanseeens 11-1

11.1.1 Definition of Stakeholders and General Public........coocooiiiiiiiiii e 11-1

11.1.2 Availability of the Treatability Test Plan.........ccccooooioviiiiienenieeceeece 11-1
11.2 PUDBLic COMMENLS ...c..oiiieniiiiiiiti ittt e s b ettt st a s s eneereanas 11-1
Reports 12-1




I

DOE/RL-2010-04, REV. 0

13-1
14-1
15-1

13 Schedule
14 Management and Staffing
15 Budget
16 REFEIEICES cuucneireeeecriieeninieiseissensrinsersnsesenssessasssississsessessessssssesensosasssases
Figures

Figurc 1-1.  Layout of the BC Cribs and Trenches Waste SHES..coveiiiiieiiioiiice e
Figurc 4-1.  Location of Soil Desiccation Pilot TeSt S1te........coviviiiiniiieninicnececcee e
Figurc 4-2.  Distribution of Tc-99 and Moisturc in Well 299-E13-62 ..o
Figurc 4-3.  Logarithm of Solutc Flux Through Decp Vadosc Zone of Loamy Sand with

Gravity-Driven Steady-State Flow as a Function of Volumctric Water Content ..............
Figurc 4-4. Examples of Modcled Relationship Between Moisture Content and Matric Potential .....
..gurc 4 Distribution of Tc-99 in thec Vadosc Zonc in the Year 2012 ...
Figurc 4-6.  Sclection of Targeted Desiccation Zones Based on Available Borehole Data...................
Figurc 4-7.  Casc 10t-15d Simulated Moisture Content Distribution.............coooeeeveniiininicniceneeae.
Figure 4-8. Casc 10t-35d Simulated Moisturc Content DisStribution...............cccoeeneiveivniicneeneinnee
Figurc 4-9. Casc 10t-45d Simulated Moisturc Content DiStribution.............coccoevcveiiiiniciiinenennns
Figure 4-10. Casc 30t-35d Simulated Moisturc Content Distribution..............coccevveviricininicnienneenenan.
Figure 4-11. Moisturc Content Within the Desiccated Zone........oo.ooiiiieiiiiiiiiiniciiiiciccce,
Figurc 4-12. Moisturc Content Within the Desiccated Zone for Multiple Desiccation Applications....
Figurc 4-13. Temporal Profile of Average Watcer Flux in the Domain Across the Water Table

Figurc 4-14.
Figure 4-15.
Figurc 4-16.
Figurc 4-17.
Figurc 4-18.
Figurc 4-19.
Figurc 4-20.
Figurc 4-21.

Figurc 4-22.

from the Vadose Zone to the GroundwWater.............oooviviinieieeieeeeieeeeeeee e

Temporal Profile of Average Water Flux in the Domain Across the Water Table
from the Vadose Zone to the GroundwatCr...........oocevvveiiiiciiinieniiicicnii e

Cumulative Technetium Mass Moved Across the Water Table from the Vadosc
Z.0NC 10 1he GIOUNAWEALET ...ttt ettt e e et ee e e eee e e e e e e e ee e anen

Cumulative Technetium Mass Moved Across the Water Table from the Vadosc
Z0NC O The GIOUNAWALET ..o ettt e et e e e e et e e e b et

Temporal Profile of Average Mass Flux in the Domain Across thc Water Table
from the Vadose Zonc to the Groundwater............oocceeiviiiiiiiiiiiiiice e

Temporal Profile of Average Mass Flux in the Domain Across thc Water Table
from the Vadosc Zone to the Groundwater...........coccocciiniioiiiiniine s

Concceptual Model of Well Configuration Used to Simulate Air Flow Between
TWO WECIIS. oottt ettt sttt e ottt e st e st e st e

Simulated Desiccation (Change in Water Content) Along the Centerline Between
the Injection and Extraction Wells.....c..oooiiiiiiiiiiiiii e

Simulated Desiccation (Change in Water Content) Along the Centerline Between
the Injection and Extraction WellS. ..o

Simulated Desiccation (Change in Water Content) Along the Centerline Between
the Injection and EXtraction WellS.....ooooiiiiiiiiiiiee e e

vi

16-1



Figurc 4-23.
Figurc 4-24.
Figurc 4-25.

Figure 4-26.
Figure 4-27.
Figure 4-28.
Figurc 4-29.

Figure 7-1.

Figure 8-1.
Figure 8-2.

Figure 13-1.
Figure 14-1.

Tablc 4-1.
Table 4-2.

Table 4-3.
Table 4-4.
Tablc 4-5.
Table 4-6.
Table 4-7.
Table 4-8.
Table 4-9.
Table 4-10.
Table 5-1.
Table 13-1.

DOE/RL-2010-04, REV. 0

Simulated Temperature Profile During Desiccation Along the Centerline Between

the Injection and Extraction WellS. ..ot 4-31

Simulated Temperature Profile During Desiccation Along the Centerline Between

the Injection and Extraction WellS.........ccooiiiiiiiiiiini e 4-32

Simulated Temperature Profile During Desiccation Along the Centerline Between

the Injection and EXtraction Wells........ccoviiiiiniiciiiiiccce e 4-32

Plan (Mid-Screen Depth) and Cross-Sectional Views of the Pressure Gradients.............. 4-33

Plan (Mid-Screen Depth) and Cross-Scctional Views of the Pressure Gradients.............. 4-34

Plan (Mid-Screen Depth) and Cross-Sectional Views of the Pressure Gradients.............. 4-35

TESt SIE LaYOUL ..ottt ettt ebe e seeema e 4-38

Vadosc Zonc Monitoring Components, Instrumentation, anc _ ata-Collection

Management Flow Diagram for the Soil Desiceation Pilot Test.......oooooviiiiiiiiieiceeieen, 7-1

Concceptualization of Anticipated Data Response from In Situ Probes ... 8-1

Conceptualization of Anticipated Data Response from Pcriodic Neutron Logging ............ 8-2

Soil Desiccation Pilot Test Schedule ..., 13-2

Project Organization Chart ... e 14-1

Tables

Ovcrview of In Situ Monitoring TechniqUES..........c.coveeiiiiiieieceeree e 4-4
Mid-Depths and Thicknesses for the Imposed Desiccated Zones and Shorthand
Notation for the Different SCeNarios .......c.coooiiiiiiii e 4-11
Water Removed from Desiccation Zone When Desiceation Condition is Imposed ............ 4-19
Desiccation Rate Versus Injected Nitrogen Flow Rate .....o..oocoeeviiiiiiiiiiiieiiiincreeeeei 4-27
Data Collection at Extraction Well...........c.ccoooiiiiiiiiiiieee e 4-37
Summary of In Situ Monitoring InStrumentation ............ccooeeirieeeceie e et eee e 4-39
Mecasured Parameters for Bascline Data Collection..........co.ecevenieeiiniiininenenieeesceceecn 4-40
Injection Nitrogen Flow Operational Targets..........cveeeeveeineneneineieieieieeeeeie e se s 4-41
Summary of Data Collection Approach During Active Desiccation.................ccccoveeereeenenne. 4-42
Summary of Data Collection Approach During Post-Desiccation Period.............c.ccoveeeeee. 4-43
In Situ Sensors and Measurements, Field Conditions, and Sensor Filter Pack.......cccoco........ 5-2
Project SCREAUIC ..ottt et e 13-1

vii







DOE/RL-2010-04, REV. 0

Terms

bgs below ground surface

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980

CHPRC CH2M HILL Plateau Remediation Company
Cs-137 cesium-137
DOE U.S. Department of Energy
DPHP dual probe heat pulse
A data quality assessment
DQO data quality objective
DVZTT Deep Vadose Zone Treatability Test
Ecology Washington State Department of Ecology
EM electromagnetic
EPA U.S. Environmental Protection Agency
ERT electrical resistance tomography
FS feasibility study
FTP field test plan
FY fiscal year
GPR ground penetrating radar
HDU heat dissipation unit
MOG multiple-offset gather
N/A not applicable
NTC negative temperature coefficient
ou operable unit
PNNL Pacific Northwest National Laboratory
RL DOE Richland Operations Office
SAP sampling and analysis plan
SDPT soil desiccation pilot test
SFq sulfur hexafluoride
STOMP Subsurface Transport Over Multiple Phases
SVE soil vapor extraction



Tc-99
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TPA
ZOP
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Extracted gas could cxpose workers and/or the public if it is contaminated. Another attribute of this
criterion where data will be collected is the rate that desiccation can be effected.

Long-term effectiveness and permanence considers the magnitude of residual risk to human and
ecological receptors, and the adcquacy and reliability of controls. Soil desiccation is not expected to
remove contamination, but leave it relatively immobilized in the vadose zone; hence, it will be necessary
to rely on numecrical simulations to predict to what extent contaminant transport is slowed and its eventual
impact on groundwater. Because “rewetting” of the desiccation zonc following treatment has potential to
undo the treatment, that process and the associated controlling parameters will be considered in the
cvaluation of soil desiccation cffectiveness. Rewetting could result from surface recharge, vapor phasc
watcr, and/or lateral migration of moisturc from the edges of the desiccation region back into the region
that was trcated. Surface recharge can be controlled using a surface barrier, which would be expected to
accompany soil desiccation, if deployed. Thus, evaluations need to consider how desiccation can work in
conjunction with a surface barrier. Rewetting mechanisms are expected to be slow compared to the field
test timcframe, resulting in dependence on numerical simulations and complementary laboratory studies.
Institutional controls, being administrative in nature, are not considered germane to this investigation.

Finally, cost will be considered. Data relating to cost will be collected to enable inclusion of this
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) criterion.

Alrcady, initial characterization of the pilot test site has been performed (DOE/RL-2009-119) to augment
data previously obtained from characterization of the 299-E13-62 borehole, which is located in the cribs
region, that displayed significant rclatively shallow Tc-99 contamination (PNNL-17821, Electrical
Resistivity Correlation to Vadose Zone Sediment and Pore-Water Composition for the BC Cribs and
Trenches Area. Although relatively shallow, mobile contaminants such as Tc-99 have potential to
contaminate groundwater (sec DOE/RL-2007-35, 200-UW-1 Operable Unit Remedial Action Goals for
Removal/Treatment/Disposal Waste Sites, which describes a methodology for calculating the contaminant
concentration [as a funetion of depth] having potential to contaminate groundwater). Furthermore, initial
evaluation of extracted soil gas and condensate has been performed. This test will use a pair of screened
boreholes to inject dry nitrogen and extract moisture-saturated soil gas. Soil desiccation is expected in the
injection borehole vicinity, with the region of desiccation moving outward with time toward the
extraction borehole. Desiccation progress will be monitored via a set of instrumented boreholes that
monitor soil temperature, humidity, moisture content, and changes in soil electrical properties and collect
soil gas containing tracers. Other boreholes will provide for periodic ground penetrating radar (GPR), or
cross-hole radar, assessment and neutron logging to monitor desiccation progress. Data evaluation will
lead to recommendations for development of a model to treat the entire cribs region of the 200-BC-1 OU.

13"
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2 Treatment Technology Description

The treatment technology being tested is soil desiccation. In July 2004, Pacific Northwest National
Laboratory (PNNL) complcted a prcliminary evaluation of remediation technologics focused on
immobilization of Tc-99 (Truex, 2004) that recommended pursuing soil desiccation, becausc it had the
least uncertainty. Subscquently, an independent vadosc zonc technical panel from the DOE Richland
Opcrations Office (RL) and Fluor Hanford convened to rcview alternative remedial actions for deep
vadose zone contamination and camc to the samc conclusion (WMP-27397).

In concept, soil desiccation is much like soil vapor extraction (SVE), the well-known technology used to
remove volatile contaminants from the vadose zonc. Because soil gas is generally saturated with moisture
duc to its intimate long-term contact with soil moisture, thc SVE technology removes substantial
quantities of water as a by-product of removing the targct contaminant, i.e., vapor. In this case, the ta  :t
is the soil moisture itsclf. To focus the desiccation region and increase desiccation efficiency, dry nitrogen
will be forced into a borehole screencd at an interval containing significant soil moisture and
contamination. The moisture-saturated soil gas will be pulled out of a nearby borehole that is also
screened at the target depth, and is close enough such that the distance between is within the influence of
the exhaust blower. '

By removing water from the vadose zonc, the overall driving force for water and associated
contamination toward the water table will be reduced. Where gravity-driven steady-state flow is the
dominant transport mechanism, sediment moisture content is directly related to contaminant flux toward
the groundwater. Also, as soil moisture content decreases, the unsaturated hydraulic conductivity also
decreasces to reduce further overall contaminant flux to the water table. Because of the heterogeneous
vadose zone, desiccation should increase the effectiveness of capillary breaks by reducing the water
contents of adjacent coarsc and fine-textured sediment layers.

If deployed as a remedial action, soil desiccation would be expected to be combined with

a recharge-limiting cap. Otherwise, recharge from the surface would, over time, replenish the water
removed by desiccation and undo its benefit. Not all rewetting of the desiccated zone would originate at
the surface, though, because cventually, the overall system would tend toward equilibrium via diffusion
processes. Sources of water arriving via diffusion would likely be from points beyond the effect of the
recharge-limiting cap. Monitoring will follow the active desiccation portion of the test, and associated
modeling will be performed to describe observed phenomena and predict future behavior. Both vapor and
liquid diffusion contributions into the desiccation region will be modeled.

2-1







DOE/RL-2010-04, REV. 0

3 Test Objectives

Overall objectives of the soil desiccation treatability test, as defined by the DVZTT Plan (DOE, 2008),
are as follows:

e Dectermine 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.

e Demonstrate ficld-scale desiccation for targeted areas within the vadose zone.

— Quantify the nitrogen flow, water extraction rate, and other operational parameters to cvaluate
implementability of the process on a large scale.

— _ termine the extent of soil moisture reduction in the targeted treatment zone to evaluate the
short-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 to cvaluate long-term effectiveness.

e 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.

The first two bullets apply directly to the design and conduct of the soil desiccation pilot test (SDPT).
Test operational parameters and moisture reduction targets have been established separately using
numerical simulation, independent calculations, and bench testing. During test conduct, operational
parameters and desiccation progress will be monitored. It is expected that operational parameters will be
refined, to some extent, based on desiccation performance. Following the active portion of the test,
vadose zone monitoring will continue so that rewetting progress can be assessed. However, because
rewetting is anticipated to occur slowly relative to desiccation and the time frame of the overall test, it is
anticipated that numerical simulation will be necessary to evaluate this phenomenon. The last bullet
requires test results to be scaled to a specific site. In this case, the cribs portion of the BC Cribs and
Trenches Area has been selected. Data from the SDPT will be combined with numerical simulation
studies to evaluate operational strategies.

Overall design of the SDPT has been defined using the data quality objective (DQO) process that
considered recommendations of an independent technical panel (SGW-41327, Data Quality Objectives
Summary Report for the Soil Desiccation Pilot Test; SGW-43938, Independent Technical Review of the
Deep Vadose Zone Treatability Test: Second Review). Initial design considered a central injection well
surrounded by three extraction wells to yicld a roughly cylindrical desiccation zone. Following the expert
review panel, a simple dipole arrangement was adopted, consisting of one injection well and one
extraction well. Monitoring locations will be located throughout the region anticipated to be affected.
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Given the 6 different zones, and 4 different initial pressures for the zones of desiccation, 24 simulations
were executed for a given recharge rate. All of the simulations were executed from the year 2012-12005
(i.e., the simulation period assumed in the PNNL-14907). In addition to the imposed desiccation
scenarios, scenarios wit, ut an imposed desiccation zone were simulated using both a barrier and no
barrier recharge rate. These simulations were used for comparison to the transient flow and transport
behavior of the desiccation scenarios. Aqueous fluxes and moisture content distributions were examined
to determine impacts from the imposed desiccated zones. Mass fluxes and cumulative mass for Tc-99
entering the water table were also generated. Simulation results were written to three types of output files:
(1) files echoing the input and reference node file, (2) a series of plot files that report a spatial distribution
of selected variables over time, and (3) a series of surface flux files to track the flux of water and
contaminants across selected surfaces in the domain. The output file contains the input file echo, as well
as data for selected nodes, and the OutputTo.pl program was used to convert the data to a time series
suitable for plotting with Gnuplot. Plot files contain variable data for all grid points at selected simulation
times. These files were used to generate color scaled plots and animations through Tecplot. A utility
program, PlotTo.pl, was used to translate STOMP plot files into Tecplot-formatted input files. A utility
program. mcCalc.x. was used to calculate the integrated water content from the STOMP plot files for a

u -d edzone. _urface-flux files contain rate and integral information on fluxes crossing user-d  ed
internal or external boundaries. A utility program, surfcalc.x was used to translate STOMP surface-flux
files into formatted input files suitable for plotting with Gnuplot.

Results

Simulation results were examined to provide insight into temporal moisture conditions that lead to
wetting of the desiccated zone, and to evaluate the impact of desiccation on contaminant migration.
Because the simulations did not include water vapor transport, or lateral water movement into the
desiccated zone, the simulations can only provide insight into desiccation performance under conditions
of downward water movement through the vadose zone.

Temporal Changes Predicted Within the Desiccated Zone

An understanding of how moisture is redistributed in the vadose zone following a period of desiccation is
useful to interpret the performance of a desiccated zone. The results examining the temporal changes
within the desiccation zone are focused on the 0.5 mm/yr (0.02 in./yr) surface infiltration condition. The
basic trends for the 3.5 mm/yr (0.14 in./yr) case are similar to those presented for the 0.5 mm/yr (0.02
in./yr) case.

The temporal dynamics of moisture content for the entire domain were depicted via animations of the
moisture content. Figure 4-7 through Figure 4-10 are selected slides from these animations showing

a progression of the moisture content for -5 bar imposed desiccation in the 10t-15d case, 10t-35d case,
10t-45d case, and the 30t-35d case, respectively. These figures depict how the benefit of desiccation
propagates in time and is related to desiccation zone configuration (location and thickness). The figures
also suggest that multiple application of desiccation may be beneficial to mitigate moisture transport.

The figures provide a visual depiction of the imposed desiccation zone and post-desiccation water
movement. For further evaluation of the temporal aspects of water migration through a desiccated zone,
the total integrated water content in the desiccation zone was also tracked as a function of time to evaluate
how the desiccated zone rewets.
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from the “slug” of contaminant is small in context of the difference between the mass flux for the
barrier-only or barrier plus desiccation compared to the no-barrier case. As for the cumulative mass
results, the characteristics of the change in mass flux are most strongly impacted by the quantity of water
removed (thickness of desiccation zone and initial water content), whether or not the desiccation zone was
within the contaminated interval, and the amount of water above the desiccated zone (i.c., depth of zone).
The endpoint matric potential, within the range of -0.5 bar to -5 bar, has a minor effect on the change in
mass flux.

Conclusions

Simulations were conducted to provide initial estimates for the impact of desiccation at a larger scale as
input to setting desiccation performance targets for the field test. Simulations examined different
desiccation scenarios, including variations in the desiccation target endpoint, location, and configuration
for the desiccation zone, and the surface infiltration conditions.

These simulations need to be interpreted with respect to the impact of desiccation on contaminant flux
with the following considerations. First, the simulations did not include vapor transport of water. In
addition, all imposed desiccation zones and surface infiltration conditions extended laterally across the
enti »del domain; thus, no lai \’ mov  ntintothed cc¢ lzor v co dered. These two
configuration constraints limit interpretation of the results to desiccation performance under conditions of
advective downward water movement. Future modeling will include vapor transport and lateral liquid
transport contributions.

The irreducible water saturation from the PNNL-14907 model equates to a lower bound of the moisture
content of about 1 to 2 wt percent depending on the particle size distribution in the grid cell. The model
configuration is highly heterogeneous where each model node may have different properties. With this
configuration, the model truncates desiccation at this lower bound of moisture content, and effects of
lower moisture conditions on water migration are, therefore, not included in the simulations. As such, the
simulation results would tend to underestimate the impact of desiccation on moisture movement if
desiccation could result in lower endpoint moisture content as has been observed in laboratory
experiments. However, the simulations may also underestimate the impact of solute concentration in the
desiccated zone.

In all cases, desiccation causes a delay in contaminant migration to the water table, although the delay is
small for some of the desiccation configurations. The characteristics of the delay are most strongly
impacted by the quantity of water removed (thickness of desiccation zone and initial water content), the
amount of water above the desiccated zone (i.c., depth of desiccation zone), and whether or not the
desiccation zone was within the contaminated interval.

When the desiccation is imposed within a contaminated portion of the subsurface, desiccation appears to
concentrate the solute, and then this solute is carried downward as a “slug” of higher concentration once
water breaks through the desiccation zone, a potential impact first identified by the vadose zone technical
panel (WMP-27397). The results presented herein provide an estimate for the extent of this effect for the
conditions of the study and the configuration of the model. In all cases, the temporary change in mass flux
from the “slug” of contaminant is small relative to the no-barrier case.

Overall, desiccation in conjunction with a surface barrier reduces contaminant migration through the
vadose zone more than a barrier alone. Desiccation also can be applied multiple times in the near term to
enhance its overall effectiveness in the long term.

4-26
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Unlike the single injection/extraction well or the single injection with multiple extraction wells
configurations which, owing to symmetry, can be simulated two-dimensionally with cylindrical
coordinates, a dipole system requires a three-dimensional simulation. Figure 4-19 shows a cross-sectional
view of the conceptual model for simulating the dipole test. Two vertical wells of radius ry, with a screen
from a depth d to a depth /, are installed in an effective homogeneous soil above a water table at depth b.
For these simulations, ri-= 0.152 m (0.5 ft), &= 9.1 m (30 ft), /= 15.24 m (50 ft), and 4=103 m (338 ft).
The injection and extraction wells are spaced 12 m (39 ft) apart.

ler
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Figure 4-19. Conceptual Model of Well Configuration Used to Simulate Air Flow Between Two Wells

Boundary conditions are needed for the aqueous mass gaseous mass and energy conservation equations.
At the surface (100 m by 100 m [328 ft by 328 ft]), a no-flow (zero flux) boundary was specified for the
aqueous phase across the entire surface. For the gas phase, a no-flow (zero flux) boundary was specified
across the areal extent of the surface impermeable layer (45 m by 45 m [148 ft by 148 ft]), whereas the
remainder of the surface was held constant at atmospheric pressure, P,q,. For the energy conservation
equation, the upper surface is kept at a constant temperature of 23°C, whereas the initial temperature in
the domain is assumed to be 17°C. Owing to the presence of the water table at the bottom boundary, both
the aqueous and gas pressures were held constant at Py, corrected for the difference in elevation.
Temperature was held constant at a groundwater temperature, Ty, of 17°C. The four vertical boundaries
of the three-dimensional domain were specified as hydraulic gradient boundaries for the aqueous and
gaseous phases (8P/8z =H) and as outflow boundaries for energy.

Simulations used an air inlet temperature of 20°C with a 10 percent relative humidity, a subsurface initial
temperature of 17°C, and an initial moisture content of 0.11 m’m™ (11 volume %). Thermal properties are
also important in modeling the evaporation and condensation processes. Thermal properties of the porous
media were estimated from PNL-4015. The porous media pneumatic properties were homogeneous with
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Note: Mid-screen depth for 100/100 cfm injection/extraction flow rates.

Figure 4-21. Simulated Desiccation (Change in Water Content) Along the Centerline Between
the Injection and Extraction Wells

Desiccation near the injection well (i.e., within 3 m [10 ft]) is primarily controlled by the injection flow
rate. Note that the rate of desiccation is essentially the same for both a 300 c¢fm (8.49 m*/min)/100 cfm
(2.83 m’/min) injection/extraction condition (Figure 4-20) compared to a 300 cfm (8.49 m’/min)/300 cfm
(8.49 m*/min) injection/extraction condition (Figure 4-21) within the first 3 m (10 ft) of the injection well.
Differences are observed over longer time periods at monitoring locations closer to the extraction well.
Use of a dipole arrangement helps focus the soil gas flow to within a targeted monitoring zone and depth
interval defined generally by the screened intervals of the wells. The extraction rate can be lower than the
injection rate and still direct flow to the monitored test zone. This situation may be preferred for the test
for the following reasons:

e It maintains extraction flow rates lower than the critical velocity that may entrain droplets in the
extracted soil gas.

e It helps minimize short circuiting between the injection and extraction wells due to the lower induced
pressure gradients than would occur with matched high injection/extraction rates.

e It tends to result in more lateral flow (off the injection extraction well axis) of the dry air for a more
three-dimensional drying pattern.

Simulations also show a moderate increase in moisture content near the extraction well (see Figure 4-19
through Figure 4-22). While lower pressure tends to decrease relative humidity, the lower temperature
induced at the extraction well (see Figure 4-23 through Figure 4-25) apparently causes some condensation
to occur. This condensation is focused around the extraction well because of the higher air flow rate
through this region.

These results suggest that field operations could be appropriately adjusted by selecting a desired influent
air flow rate (c.g., nominally 300 cfm [8.49 m’/min]) and then increasing the extraction flow rate until a
desired flow pattern (e.g., as measured by pressure and tracer response) is obtained. Pressure gradients,
and therefore the flow field, vary with the selected injection and extraction flow rates. For example,
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4.2.1.7 Laboratory Investigation of Design Factors for Desiccation

The evaporative cooling solute effects during desiccation and the use of gas phase tracers were examined
in the laboratory and results are summarized below. A full description of laboratory testing to provide
technical support for the desiccation field test is compiled in a pending PNNL document, Laboratory and
Modeling Evaluations in Support of Field Testing for Desiccation at the Hanford Site.

Effect of Evaporative Cooling and Simple Heterogeneities on Desiccation

Soil desiccation (drying), involving water evaporation induced by dry gas injection and extraction, is

a potentially robust vadose zone remediation process to limit migration of inorganic or radionuclide
contaminants through the vadose zone. Desiccation also has the potential to improve gas-phase-based
treatments by reducing water saturation and, therefore, increasing sediment gas-phase permeability.
Before this technology can be deployed in the field, concerns related to energy limitations, osmotic
effects, and potential contaminant remobilization after rewetting must be addressed. A series of detailed,
intermediate-scale laboratory experiments, using unsaturated homogeneous and heterogeneous systems,
was conducted to improve understanding of energy balance issues related to soil desiccation. The
experiments were subsequently simulated with the multifluid flow simulator STOMP, using

inc  dently obtained hy:  1ilic and th il porous medit  propert . Inall exper :nts, the injection
of dry air proved to be an effective means for removing essentially all moisture from the test media.
Observed evaporative cooling generally decreased with increasing distance from the gas inlet chamber.
The fine-grained sand embedded in the medium-grained sand of the heterogeneous system showed two
local temperature minima associated with the cooling. The first one occurred because of evaporation in
the adjacent medium-grained sand, whereas the second minimum was attributed to evaporative cooling in
the fine-grained sand itself. Results of the laboratory tests were simulated accurately only if the thermal
properties of the flow cell walls and insulation material were taken into account, indicating that the
appropriate physics were incorporated into the simulator.

Solute Transport

Experiments were conducted to examinge the impact of solute concentration on the desiccation process.
Results suggest that desiccation rate is not a function of solute concentration. Thus, inclusion of solute
concentrations in estimates of desiccation rate is not necessary. The experimental results also suggest that
for slowly moving desiccation fronts and high solute concentrations (>100 g/L [0.83 Ib/gal]), some
redistribution of solute may occur in the soil moisture and in the direction of the solute concentration
gradient. Because the sediment is relatively dry behind the desiccation front, solute migration will occur
in the direction of the desiccation front movement or laterally at the edges of the desiccated area.
Maximum concentration factors of about 120 percent of the initial concentration were observed in the
one-dimensional column experiments.

Additional experiments examining the impact of solute concentration on rewetting processes are planned
to determine how solute concentration impacts the effectiveness of desiccation in mitigating water and
contaminant migration in the vadose zone.

Laboratory Examination of Tracers as a Means to Evaluate Desiccation in the Field Test

The application of gas-phase partitioning tracer tests has been proposed as a means to estimate initial
water volumes and to monitor the progress of the desiccation process at pilot-test and field sites.
Laboratory tracer tests were conducted in porous medium columns with various water saturations using
sulfur hexafluoride as the conservative tracer and tricholorofluoromethane and difluoromethane as the
water-partitioning tracers. For porous media with minimal silt and/or organic matter fractions, tracer tests
provided reasonable saturation estimates for saturations close to zero. However, for sediments with
significant silt and/or organic matter fractions, tracer tests only provided satisfactory results when the
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water saturation was at least 0.1 - 0.2. For dryer conditions, the apparent tracer rctardation increases duc
to air — soil sorption, which is not included in traditional rctardation coefficicnts derived from
advection-dispersion equations accounting only for air — water partitioning and water — soil sorption.
Bascd on these results, gas-phase partitioning tracer tests may be used to determinc initial water volumes
in sediments, provided the initial water saturations are sufficiently large. However, traccr tests are not
suitable for quantifying moisture content in desiccated sediments.

Details of these laboratory tracer experiments are reported by Oostrom et al. (2010b) and
summarized below.

422 Approach

Thc desiccation field test will includc characterization of baseline conditions within the test site and
evaluation of subsurface air flow, installation of a test system layout appropriate to meet the operational
and data needs for the test, and test operations. . aese test elements are described in the

subsections below.

4.2.2.1 Field Test Site Characterization

During installation of the test system, additional subsurface characterization data necessary to interpret
the test data and finalize the system design will be collected. Permcability testing will be conducted at the
extraction well (299-E13-65), similar to what was done at the injection well (299-E123-62) during the
characterization phase of this test (Table 4-5).

Table 4-5. Data Collection at Extraction Well

Data Use
Air permeability testing per EM-1110-1-4001 Provides data to infer in situ bulk sediment air
permeability
Borehole anemometry (Pneulog® testing) Provides an estimate of the vertical distribution of air
permeability

4.2.2.2 Subsurface Monitoring Locations
Thc field test layout is based on the following overall elements:

e Data are necded to monitor the progression of the desiccation front between the injection and
extraction well axis (primary soil gas flow zone) and off of this axis (secondary soil gas flow zone).

e The selected monitoring and sampling techniques require different types of subsurface access, some
of which are not compatible.

e Monitoring at selected locations should collect multiple types of data so that these data can bc
intcrpreted together. Thus, clustered monitoring installations are needed. It should be noted, though,
that hcterogencity will likely result in varied conditions, even for closely spaced instrument probes.

® Some of the selected monitoring techniques are targeted at interrogating the subsurface betwcen
access points. For those techniques, the layout needs to provide for appropriate line-of-site and
scnsor-to-sensor distances.

e The vertical layout should enable data collection from abovc, within, and beneath the targeted
desiccation zone.
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e A monitoring location outside the zone of pressurc influence will be used for collecting background
instrument responsc data over the duration of the ficld test.

A lateral layout for the monitoring locations is shown in Figure 4-29. Instrumentation is clustered at
locations to interpret the desiccation progress. Drying front movement past the selected monitoring
locations will be inferred from continuous logging of sediment temperature, humidity, and sediment
moisture, and periodic monitoring of sediment moisture (ncutron probe logging). The passage of the
drying front will likely not be uniform with depth. Thus, thermistors, humidity sensors, and sediment
moisturc sensor data and gas samples will be collected at multiple depths. Neutron logging will also
provide detailed information about the vertical distribution of sediment moisture. Two-dimensional and
three-dimensional interpretation of desiccation progress will be supported by periodically collecting GPR
data, and conducting cross-hole resistivity tomography. Table 4-6 summarizes the test sitc

instrumentation layout.
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Figure 4-29. Test Site Layout
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Table 4-6. Summary of In Situ Monitoring Instrumentation

Location Instrument Depth’ Basis

Every 0.6 m (2 ft) Monitor passage of desiccation front by
Thermistor from 3.35 m (11 ft) measuring sediment temperature
to 21 m (69 ft)

Every 1.5 m (5 ft) Perform electrical resistivity characterization to
Resistivity electrode from 3 m (10 ft) to assess far-field moisture/solute content
21.3 m (70 ft)
Separ.ate hole in 9.9 m (32.5 ft), 11.4  Monitor desiccation front passage by
each instrument G | m(37.5f), 129 m  measuring sediment gas tracer gas
cluster as sampler (425f),and 14.5m co  1rations; measure in situ gas pressure
(47.5 ft)
Humidity 9.9m (325 ft), 1.4 Monitor in situ humidity and matric potential

sensor/thermocouple
psychrometer/heat
dissipation unit/dual

changes associated with passage of

m (37.5 1), 12.9m desiccation front

(42.5 ft), and 14.5 m

probe heat pulse sensor (47.51)
. : . Monitor near-field moisture change associated
Separate hole in Neutron logging Continuous with passage of desiccation front
each instrument - ) - :
cluster GPR Continuous M_onltor far-field mqsture_ change associated
with passage of desiccation front

isolated hole 9.9 m(32.5ft), 11.4  Monitor sediment gas tracer gas
outside of m (37.5f),129m  concentrations; measure in situ gas pressure
anticipated Gas sampler (42.51t),and 14.5m
desiccation zone (47.511)

* If possible, some of the monitoring locations will be selected to target coarse and fine layers.
GPR = ground penetrating radar (cross-hole radar)
TBD = to be determined

4.2.2.3 Field Test Operations

The elements of field test operations are described in the subsections below. Subsurface conditions will be
measured prior to desiccation to establish the baseline initial conditions for comparison to the conditions
induced by the desiccation process. Operational elements include setting appropriate flow and
conditioning of the injected nitrogen, setting similar conditions for the extracted soil gas, operating the
system for active desiccation, sampling and monitoring during desiccation operations, and
post-desiccation sampling and monitoring.

Baseline Data Collection

The amount and distribution of soil moisture is the primary subsurface condition that will be affected by
the desiccation process. Solute (contaminant) concentration will change as a result of decrease in soil
moisture and will also be a key measured subsurface condition. Multiple measurement parameters will be
used to determine changes in the soil moisture and solute concentration during the test. A baseline value
for each of these parameters will be established prior to desiccation operations. Prior to collection of
baseline data, there will be an cquilibration period where sensors will be monitored to ensure that they
come to equilibrium with the subsurface after installation. Sensors emplaced in locations isolated by
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bentonite seals may initially be affected by different moisturc content of the seal material relative to the
native soil. Likewise, sensors cmplaced in “native soil” may require a significant period to achicve
cquilibration. Table 4-7 shows the measured parameters and sampling/monitoring techniques that will be
applied during the baselinc data collection to establish the starting conditions for the test.

Table 4-7. Measured Parameters for Baseline Data Collection

Attribute Instrument Data Collection

Sediment temperature Thermistor Monitor from installation up to start of active
desiccation (anticipated to be 3-6 months) or
longer depending on whether data indicate
instrument equilibration

Sediment moisture content  Heat dissipation unit Monitor from installation up to start of active
desiccation (anticipated to be 3-6 months) or
longer depending on whether data indicate
instrument equilibration

en  isture content 1al probe heat pulse Monitor from installation up to start of active
desiccation (anticipated to be 3-6 months) or
longer depending on whether data indicate
instrument equilibration

Sediment gas humidity Gas sampling tube Two samples over a 2-week timeframe at the end
of the equilibration period

Sediment gas humidity Humidity probe Monitor from installation up to start of active
desiccation (anticipated to be 3-6 months) or
longer depending on whether data indicate
instrument equilibration

Sediment gas humidity Thermocouple psychrometer Monitor from installation up to start of active
desiccation (anticipated to be 3-6 months) or
longer depending on whether data indicate
instrument equilibration

Sediment moisture content  Neutron probe (logging) Once at access installation within temporary steel
casing, once at access installation within the
polyvinyl chloride casing, and once at the end of
the equilibration period

Sediment moisture content  Cross-hole radar between pairs of Once during baseline period

logging holes
Sediment moisture content  Cross-hole electrical resistance Once during baseline period
and solute concentration tomography

Injection Nitrogen Flow Equipment Operational Conditions

The desiccation process design is based on maintaining influent nitrogen conditions within a specificd
range of temperature and humidity and directing soil gas flow toward the extraction well. Target injection
nitrogen flow equipment operational conditions are listed in Table 4-8. These targets may be adjusted
based on final design calculations and equipment specifications. Prior to desiccation operations, air flow
equipment will be tested to verify that these or acceptable alternative target ranges can be achieved and
effectively modulated during the test to maintain the desired operational set points over the range of
ambient conditions expected during the field test period.
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Table 4-8. Injection Nitrogen Fiow Operational Targets

Parameter Target
Influent Nitrogen Temperature 19°C minimum, nominally 20°C
Influent Nitrogen Relative Humidity Near zero, dependant on LN, properties
Influent Nitrogen Pressure As determined by flow balance operations
Influent Nitrogen Flow Rate To be determined based on initial tracer tests

Desiccation Operations

Active desiccation is intcnded to operate nominally  tinuously - hours a day/7 days a wecek) for
approximately six months. Nitrogen flow will bc shut down, as required, for maintenance of equipment or
for specificd sampling and monitoring events, as nccessary.

Ficld opcrations will be conducted in phascs and will include periodic cvaluation of opcrational
conditions and sct points as desiccation progresses. Because desiccation will change some subsurface
properties, adjustments will be nceded to maintain the targeted opcrational conditions. Key phascs of
operation are listed below. Detailed procedure for usc by field personnel will be developed for thesc
opcrational phascs bascd on the final field cquipment configuration.

Injection/Extraction Flow Adjustment Operations

Blowecr systems for injection and extraction will be operated and adjusted to regulate flow into and out of
the subsurface and mect operational targets. Pressure and tracer testing will be used to adjust the flow rate
between the well pair based on the following two goals and using input from simulations of the field test:
observation of tracers at intcrnal monitoring locations and at the extraction well, and ability to maintain
stablc soil gas flow and injection nitrogen conditions.

The soil gas flow pattern as a function of opcrational conditions nceds to be cstablished under the starting
soil moisturc conditions for the selected desiceation configuration. Thus, gas tracer testing will also
includc assessment of soil gas flow patterns (e.g., capture effectiveness and travel times). As nccessary,
these data will be uscd to adjust operational conditions to obtain targeted soil gas flow conditions most
appropriate for reaching desiccation goals. Pcrmeability is a function of water saturation and will,
therefore, change during desiccation opcerations. Bascline pressure responses will also be measured to
cstablish bascline flow conditions.

During initial soil gas flow testing, a rangc of opcrational flow rates, and their impact on water extraction
from the extraction wcll, will be evaluated. In the characterization tests conducted in FY 2009, nitratc
mcasurcd in the water condensate from soil gas cxtraction suggests the potential for water (e.g., mist)
entrainment during soil gas cxtraction. However, this phenomenon may be limited to high extraction flow
rates and/or of limited duration only occurring initially to remove water near the extraction well within
the high gas velocity region ncar the well. Thus, testing during the initial soil gas flow operations and
monitoring of condensate during initial desiccation operations will be used to cnsure that this
phenomenon docs not occur. The primary metric for entrainment of moisture in addition to removal of
soil gas humidity will be monitoring of nitratc concentration in condensate samples. Samples with nitrate
present indicate entrainment, whereas clean water indicates water only from soil gas humidity.
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Start Up and Desiccation Operations

Primary operations for desiccation include injection of conditioned dry nitrogen, extraction of soil gas,
and monitoring of surface and subsurface parameters, per the sampling and analysis plan
(DOE/RL-2010-83, to cvaluatc the progress of desiccation. Ongoing review of sampling/monitoring data
will be conducted to determince the adjustments necessary to refine operations and collect

desired information.

Terminating the active desiccation phase will be considered based on the following three criteria:

e Evidence that the desiccation front has passed the 6 m (19.7 ft) monitoring location along the axis of
the injection/cxtraction well pair.

e Sufficient dry nitrogen has been injected to decrease the moisture content by 5 wt percent in 300 m*
(79,251.6 gal) of the subsurtace.

e Ncutron log data of moisturc content at monitoring locations within or near the anticipated
desiccation region indicate a significant decrease compared to bascline conditions and is corroborated
by data from thermistors, moisture probes, humidity probes, thermocouple psychrometers (TCPs),
traccr data, and GPR tomography.

Final decision will include Regulator and DOE concurrence. Testing may be extended until dry air
breakthrough occurs at the extraction well pending review of the desiccation performance results during
the test.

Sampling and Menitoring During Desiccation Operations

Sampling and monitoring during active dcsiccation operations is targeted at quantifying the rate and
cxtent of the desiccation process and impacts to the distribution of moisture and solutes. Sampling and
monitoring includes both subsurfacc conditions and the influcnt and ctfluent air propertics. Tablc 4-9
summarizcs the data collection approach. Full details arc provided in the SAP (DOE/RL-2010-83).

Table 4-9. Summary of Data Collection Approach During Active Desiccation

Attribute Instrument Data Collection Frequency
Sediment temperature Thermistor Continuous at logging frequency determined by field hydrologist
Sediment moisture content  Heat dissipation Continuous at logging frequency determined by field hydrologist
unit and dual
probe heat pulse
sensor
Soil gas humidity Humidity sensor/  Continuous at logging frequency determined by field hydrologist
thermocouple
psychrometer
Sediment gas pressure Gas sampling Continuous at logging frequency determined by field hydrologist
tube
Sediment gas composition  Gas sampling Periodically as needed to assess breakthrough of tracer gases
tube Monthly to monitoring humidity or at a higher frequency at selected
locations if other instruments indicate more rapid changes (e.g.,
near the injection well)
Sediment moisture content  Neutron probe Monthly at a minimum and additionally at selected locations based
(logging) on information about the drying front obtained through other
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Table 4-9. Summary of Data Collection Approach During Active Desiccation

Attribute

Instrument

Data Collection Frequency

instruments

Sediment moisture content

Cross-hole radar  Monthly with locations selected based on information about the
between pairs of  drying front obtained through other instruments

logging holes

Sediment moisture
distribution and air flow
patterns

Conservative and  Monthly and augmented as necessary based on indication of
partitioning tracer  desiccation progress or flow field changes from other monitoring

tests data

Injected gas temperature,

humidity, pressure, flow
rate

Pressure sensor,  Continuous at logging frequency determined by field hydrologist

thermocouple,
humidity sensor,
pitot tube

Extracted gas
temperature, humidity,
pressure, flow rate

Pressure sensor,  Continuous at logging frequency determined by field hydrologist

thermocouple,
humidity sensor,
pitot tube

Condensate chemistry,
radiological activity

Analysis of

Data will be collected as needed for waste disposition of any

collected sample  condensate that accumulates

Post-Desiccation Sampling and Monitoring

The post-desiccation portion of the tcst will involve sampling and monitoring over a relatively long time
period (at least five ycars) to cxamine the ratc and extent to which re-wetting occurs in the desiccated
zone. Post-desiccation monitoring could be performed as part of the final remedy for the 200-BC-1 OU.
No soil gas flow will be induced during this phasc of the test other than small volume soil gas samplcs.
Table 4-10 summarizes the data collection approach. This approach may be modified depending on the
results from the active desiccation phase of the test. Full details are provided in the SAP

(DOE/RL-2010-83).

Table 4-10. Summary of Data Collection Approach During Post-Desiccation Period

Attribute

Instrument

Data Collection Frequency

Sediment temperature

Thermistor

Continuous at logging frequency determined by field
hydrologist

Sediment moisture
content

Heat dissipation unit
and dual probe heat
pulse sensor

Continuous at logging frequency determined by field
hydrologist

Soil gas humidity

Humidity
sensor/thermocouple
psychrometer

Continuous at logging frequency determined by field
hydrologist

Sediment gas
composition

Gas sampling tube
selected locations

Sediment moisture
content

Neutron probe (logging)
of selected holes

Weekly for first month then monthly and then reduced if
warranted based on the initial response and the response
observed in other instruments

Monthly and then reduced if warranted based on the initial
response and the response observed in other instruments

Sediment moisture

Cross-hole radar
between selected pairs

Monthly and then reduced if warranted based on the initial
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Table 4-10. Summary of Data Collection Approach During Post-Desiccation Period

Attribute Instrument Data Collection Frequency
content of logging holes response and the response observed in other instruments
Sediment moisture Analysis of collected Within 4 months after termination of active desiccation
content and solute sediment sample

concentration

Additional boreholes may be collected pending the response
observed in other instruments

Locations (near selected® instrument clusters):

a) within desiccated region, including fringe area where
solutes may have concentrated

b) where disparate geophysical data exist

* Selection is based on position relative to desiccation front at time blower was shut down.

4.3 Procedures

Procedures for ficld operations will be prepared as ficld test instructions. The following examples of
opcrational instructions topics arc listed:

Modified SVE opcrations

Nitrogen injection

Ncutron probe

GPR

Conservative tracer for soil gas flow
Data management procedure
Sampling and manual mecasurcments

Instrument cquilibration and operational testing/verification

4-44




DOE/RL-2010-04, REV. 0

5 Equipment and Materials

Equipment planned for the SDPT is basically simple. Blowers with capability to regulate flow rate will be
used for both injected nitrogen and extracted soil gas. It is planned to use the same fixed speed blower at
the extraction well that was used during the characterization phasc of this treatability test. With this
blower, extracted soil gas flow is adjusted via a bypass valve that allows air to be introduced downstream
of the well. Extracted soil gas will pass through a condenser to remove water containing contaminants. If
it is determined that the extracted soil gas is essentially uncontaminated, the condenser will be bypasscd.
Injected nitrogen will be provided from a liquid nitrogen source and conditioned to achieve

a near-constant temperature using a heater.

The real focus of the treatability test is on data. As described previously, a varicty of in situ instruments
and sensors will be employed to monitor sediment temperature, moisture content and water content, and
soil gas humidity. Also, a combination of geophysical logging and tracer gas analyscs will be used to
supplement data from the in situ instruments and sensors. Below, is described the plan to dcfine
instrument response and assure collection of needed data.

5.1 Desiccation Field Test Instrumentation Plan

A number of instruments will be emplaced in situ for monitoring of the desiccation test. Table 5-1 shows
the instruments and the parameters that are being monitored.

The heat dissipation units (HDUs), TCPs, humidity probes, and the dual probe heat pulscs (DPHPs) will
be installed within four discrete sand packs in the borehole. The signals from these instruments will be
rclated to the properties of the sand pack, most particularly for the HDU, TCP, and DPHP instruments.
Thus, selection of the sand pack material needs to consider instrument opcrational capabilities. For this
reason, a laboratory flow cell was used to evaluate the instrument response during desiccation for use as a
baseline to compare the responscs observed in the field. The flow cell was packed with porous media
approximating the dominant particle size distribution observed at the field test site. The flow cell included
a section constructed like the boreholc with a bentonite plug above and below the sand pack.
Instrumentation will be installed in the sand pack sections and in the surrogate field material. The flow
cell was desiccated to observe the instrument response. Desiccation was stopped at several points during
the test for a period of time to cvaluate water vapor redistribution and the associated instrument response.

The GPR and ERT will require ficld and laboratory data as part of assessing the baseline response and
change during desiccation. Prior to the field test, the GPR and ERT techniques will be tested using the
existing infrastructurc at the test site. For ERT, this field information will be coupled with laboratory data
that evaluates the change in conductance versus moisture content as scdiment is dried.

The following sections provide background on the measurement basis for the instruments.
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Table 5-1. In Situ Sensors and Measurements, Field Conditions, and Sensor Filter Pack

Parameter Relative Humidity Temperature Water Content Water Potential Electrical Conductivity
Heat dissipation unit N/A N/A N/A Range: 0.1-5MPa N/A
Accuracy: 1kPa
Thermocouple N/A N/A N/A Range: 0.2-8MPa N/A
psychrometer Accuracy: 30kPa
Dual probe heat pulse N/A N/A Range: 0 m*m” to N/A N/A
Saturation Accuracy:
©0.03-0.05 m’m’
A8 0.01-0.02 m°’m*®
Humidity Range: 0-100%, N/A N/A N/A N/A
Accuracy: 2%
(0-90% RH)
4%(0-100% RH)
Thermistor N/A Range: 0-50°C N/A N/A N/A
Accuracy:
0.05°C
Cross-hole radar (or N/A N/A Range: 0 m*m” to N/A N/A
ground penetrating Saturation Accuracy:
radar) Soil dependant
0.01-0.05 m°m*
Electrical resistance N/A N/A N/A N/A Range: Depends on
tomography ground conditions and
survey types
Accuracy: <1% of reading
for ideal conditions
Field starting condition 100% 17°C 0.10 m*m? Variable 0.01-5 mS/cm
Estimated field change 0-100% 10-20°C May approach zero Transition to very high May increase then
suction decrease
Filter pack initial 100% 17°C TBD in laboratory TBD in laboratory TBD in faboratory
condition
Estimated fiiter pack 0-100% 10-20°C May approach zero Transition to very high None

change

suction

N/A = Not applicable
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5.2 Thermocouple Psychrometers

Thermocouple psychrometry is a method for determining water potential from very precise measurements
of relative humidity. The water potential of a system that possesscs water with liquid and vapor phascs in
equilibrium can be described by the Kelvin equation:

v= gln(ﬁ) (1]

W pO

Where:
¥  water potential
R thcgascor ant
T = temperaturc
V., = the molar volume for water
p/po = the relative humidity

The sensor consists of two adjacent thermocouples. The primary thermocouple is surrounded by a porous
membrane or stainless steel screen in contact with the sample to be measured. The second thermocouple
is sealed in the sensor housing preventing any vapor contact. The temperature depression of the wet
sensing junction relative to the dry depends upon the relative humidity of the surrounding air.
Theoretically, water potential can be calculated from such measurements; however the units are typically
calibrated in solutions of known water potential.

The TCPs selected for the SDPT use the Peltier effect to apply water to the sensing thermocouple
junction. The Pcltier effect applies a current to the sensing junction thermocouple causing it to cool and
condcnse water from the surrounding air. After the current is turned off, the water begins to evaporate and
the difference in temperature between the wet and reference thermocouple junctions creates a microvolt
output in the circuit.

The practical difficulties in applying this method are due to the extreme sensitivity to any thermal
differences between the sensor and sample as well as pressure and temperature effects on the
measurement. The evaporation of water from the sensing junction primarily depends upon the relative
humidity but is also significantly impacted by the diffusivity of water in air. Diffusivity decreases as the
pressure increases and care must be taken to account for these effects through careful calibration. The
clectronics used to accurately read TCP need be able to resolve voltage differences of <luV and also
capable of applying a precise current to the sensing junction.

This method requires attention to the operational details to ensure accuracy of the collected data.
Thorough cleaning and drying of the sample chambers prior to calibration are essential. Corrosion can be
a problem in acidic conditions as well as any salts or organic compounds that penetrate the stainless
screen and deposit on the sensing thermocouple junction. Sensors should be cleaned both before and after
calibration and stored in sealed containers until installation. Sodium chloride solutions, spanning the
osmotic potential range from -0.2 to 8 MPa, will be used for calibration. Measurements will be repeated
over a range of temperatures that are expected to be observed at the field site (i.e., 10 to 25°C). If properly
calibrated and maintained, the TCP should have an accuracy of 30kPa over the range from -0.2 to -8 MPa.
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5.3 Heat Dissipation Unit

An HDU sensor consists of a hcating clement and a thermocouple encascd in a ccramic matrix. The
ceramic relies on hydraulic continuity with the soil for water exchange. Movement of water between the
ccramic and the surrounding soil will occur when a water potential gradicent exists. A changce in water
potcntial will change the water content of the cecramic. At low water contents, the thermal conductivity is
controllcd by the water content of the ecramic. The HDU uscs a constant current power source to heat the
unit causing a temperaturc increase that can be measured and that depends on the thermal conductivity.
Sensor variability can be corrected by normalizing the temperature responsc using data from when the
scnsor is completely dry and when saturated as shown below.

AT, — AT

7’;1(}"”1 =T [2]
AT, - AT,

dry wet

The risc in tempcraturc during the heating time is affected by the initial temperature. The thermal
conductivity of the HDU ccramic matrix is a composite of the individual watcr, vapor, and solid
components. _ ¢ thermal conductivity of the vapor is temperature dependant and will impart temperaturc
scnsitivity to the HDU measurement. The manufacturer recommended calibration function that relatcs the
normalized dimensionless temperature increase to the matric potential (Bilskic ct al., 2007) is:

(AT, )%
y= Ol 3]

Where:

AT, is determined using the method outlined by Flint et al. (2002).
HDU resolution is approximately 1kPa for matric potentials between -0.1 MPa and -5 MPa. The HDU
requires a second reference temperature for the measurement. This is typically provided by a thermistor or
thermocouple located on the data logger. Additional error can occur if there are significant temperaturc
differences between the HDU and reference. Using a thermistor located at or ncar the HDU could remove
or reducc this sourcc of crror.

5.4 Thermistor

A thermistor is a resistor whose resistance depends on temperature and is typically made from a ceramic
or polymer. Thermistors generally operate over a smaller temperaturc range but achicve a higher
precision temperaturc measurement. A first order approximation considers the change in resistance to be
lincarly dependant on the change in temperature. The slope then can be used to classify thermistors into
two groups: positive temperaturc cocfficient or negative temperature cocfficient (NTC). For larger
tcmperature ranges, a lincar approximation lcads to large crrors in the measurement. In order to achicve
more accurate temperature measurements over the range of interest, a more detailed description must be
utilized. The Steinhart-Hart cquation is a commonly used approximation that can provide temperaturc
accuracics of approximately 0.02°C. Higher order polynomial approximations also can be used if properly
applicd. The tempcrature scnsors used for the DVZTT arc encapsulated NTC thermistors. A fifth-order
polynomial will be used for determining temperature from the resistance measurcment. This approach has
been tested on several hundred thermistors of this type that were carcfully calibrated in a precision water
bath spanning the 0-40°C temperature range. By fitting a fifth-order polynomial to all the sensors,
accuracics greater than 0.07°C for more than 99 percent of thermistors were obtained.
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5.5 Humidity

Mecasuring soil rclative humidity in the range of 0-95 percent is beyond the wilting point for most plants
and so it not commonly performed for agricultural studics. Humidity scnsors for usc in air or concretc arc
common and can be used to monitor the very dry end that is expected during soil desiccation. The most
common relative humidity scnsors consist of a thin hydrophilic polymer or ceramic laycr that is applicd to
conductive clectrodes and act as a capacitor. As the humidity of the surrounding media increascs, the
watcr content of the polymer or ceramic layer also increascs. This increasc in water content is
accompanicd by an increasc in capacitance duc to the high apparent permittivity of water. The
capacitance is measured by applying a high frequency clectrical voltage to the device and measuring the
current that passes. The capacitance change is quite small and prohibits the use of long cables, even a few
meters, between the sensor and the point where the signal is measured. To monitor scnsors located 20 or
morc meters below the  ound requires that the clectronics are located close to or even as part of the
device. For the unit selected for the SDPT, the signal excitation and measurement can all be performed
within the device, which is converted to a digital signal that can be monitored remotcly. The sensing
clement is houscd within a sintcred high-density polyethylene filter to protect it from impact and
cnvironmental conditions. Accuracy of the device is 2 percent within the 10 percent to 90 percent rclative
humidity rangc and 4 percent from 0 percent to 100 percent Relative Humidity (RH). Temperature
dependence is better than 2 pereent from -20° to 60°C.

56 Dual Probe Heat Pulse

Dual probe heat pulse (DPHP) sensors arc a promising mcthod for measuring soil heat capacity,
temperature, and water content. This method has been used for very ncar surface water content
monitoring as an alternative to other methods that arc influenced by thc air interfacc or large temperature
changes. The sensor consists of two parallcl hypodermic tubes separated by a fixed distance. A heating
clement is placed in one tube and a thermistor or thermocouple is located in the other tube. A controlled
heat pulse is generated by the heating element and the temperature risce is measured. The maximum
change in temperature T,, (°C) depends on the soil volumetric heat capacity C (J °C"' m™), probe spacing
r (m), and the amount of heat delivered q (J m™) (Campbcll et.al., 1991).

q
C= ——— 4
em’T, 4]

Thce heat capacity is a composite of the effccts from both the liquid and solid components and can be
described using the relationship:

C=C0+p,c, [5]
wherc:
C., = the volumetric heat capacity of water
pv = the soil bulk density
¢, = the specific heat of the soil component.

The soil volumetric water content can then be estimatcd by combining cquations 4 and 5.
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6= [6]

Significant bias in calculated water contents using cquation 6 were obscrved by Basinger ct al. (2003). An
cmpirical correction was proposed to remove the bias:

6 =1.09(8) — 0.045 [7]

Water content calculated from cquation 6 is very sensitive to changes in r. Installation of the DPHP
sensors down borcholcs must be performed carcfully so that the tube separation is not significantly
altered. The accuracy of volumetric water content cstimates from DPHP scnsors has been reported
between 0.01 and 0.05 m* m™ (1-5 volume percent) can be obtained:.

5.7 Ground Penetrating Radar

Soil apparent permittivity is strongly dependent on water content owing to the large difference between
water and bulk soil apparent permittivity. The apparent permittivity is determined from the observed
velocity of an electromagnetic (EM) pulse propagating through the soil matrix. The apparent permittivity
for soils can be dispersive and so care must be taken when comparing values obtained using

different frequencics.

Studies have demonstrated that GPR methods cffectively estimate subsurface water content using
mcasurcd EM velocitics (Du and Rummel, 1999; Van Overmeeren et al., 1997; Huisman et al., 2003).
GPR has also been used at the Hanford Site for water content determination (Kowalsky et al., 2005;
Irving ct al., 2007; Strickland ct al., 2009).

Several GPR surveys can be used for subsurface water content determination. A GPR measurement
fundamentally consists of placing a transmitting antenna at onc location, which cmits an EM pulse. The
radiated pulse propagates within the ground and is subscquently detccting by a receiving antenna at an
adjacent location. Cross-borehole GPR surveys arc thosc where EM energy is transmitted directly through
the ground to study the subsurface transmission properties. The transmitting and recciving antennac arc
placed in opposite borcholes and can determine EM velocity, attenuation and in some cases dispersion.
There arc two common types of cross-borchole GPR surveys termed zero-offsct profile (ZOP) and
multiple-offsct gather (MOG) which interrogate a planc passing through the borcholes. In a ZOP survey,
both antennac arc positioned at the same depth and moved at equal steps in their respective borcholes. In
this way, an average EM velocity or attenuation of the volume between adjacent borcholes can be
determined for cach depth. This method is much faster to acquire and requires less data processing to
interpret. A MOG survey allows onc to produce a two-dimensional image of the EM properties between
borcholes. Using measurements acquired from antennac located at many different positions,

a tomographic image of velocity and therefore apparent permittivity can be produced. MOG surveys
provide much more information, but requirc substantially more timc to both perform and process. Another
common borehole survey type places the receiving antenna in a single borehole and places the
transmitting antcnna at various locations at the surface. This last type of survey investigates a volume
near the surface immediately surrounding the borchole and is termed a vertical radar profile. At the SDPT
ficld site, water content changes arc expected to occur at significant depths below the surface. Survey
geomctrics where antennas are located at the ground surface are limited in their depth of investigation and
so cross-borehole methods arc preferred for this application.
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All borchole GPR mcthods require very precisc measurements of the EM travel time through the material
being investigated. Prior to and after cach survey, a travel time calibration will be performed. This
calibration proccdure consists of positioning the antennac at a fixed separation within a material that has
known transmission propertics, typically air. Using the measured time at which the transmitted pulsc
arrived at the receiving antenna and the EM velocity in air, the time at which the transmitted pulsc was
emitted can be determined and is termed the absolute time zero. All subscquent travel times arc measured
relative to absolute time zcero to give the actual EM travel time. Knowing the scparation between
antennae, the EM velocity of the material being investigated can then be determined:

K= — (8]

)
vV HE,

1¢re:
K, = the apparent permittivity
v = the EM velocity of the media
lo = the magnetic permeability
g = the clectrical permittivity of free space.

Elcctrical conductivity of the soil must also be considered when performing a GPR survey. If the
clectrical conductivity is too high the signal may be completely attenuated. At intermediate
conductivities, diffusion effects become significant and can alter the propagating wave packet. It is
common to use¢ only travel times to determine the apparent permittivity. This is valid under low loss
conditions, 1.e., when 6, << we,, where o, and g, are the cffective electrical conductivity and dielectric
constant respectively and o is the angular frequency of the pulse. For media with high clectric loss, the
apparent permittivity must be evaluated using both the velocity and attenuation, a:

=L @) 9]
/’10 g()

The apparent permittivity of the medium within the GPR sampling volume can then be converted to water
content using an appropriatc petro-physical rclationship. While relationships applicable to general soils
such as Topp’s cquation (Topp ct al., 1980) have found widespread usc, it is preferred to usc a one
developed for the specific soil being measured. One common method describes the water content as

a linear function of the square-root of the apparcnt permittivity (Evett ct al., 2005):

0 = a\Jx, +b [10]

Realistic two-dimensional images of EM vclocity and attenuation from MOG surveys can be obtained
from inversion of measured travel times and amplitudes. Different inversion methods can be used
depending on the application and conditions at the site. The straight-ray method can be used when
velocity contrasts are low, typically less than 20 percent. When significant differences in velocity arc
present, the EM pulse will refract and follow the fastest path requiring the use of a curved-ray approach.
Straight-ray inversion softwarc 1s commercially available as well as a curved-ray open-source code. Any
deviation in the position of the boreholes must be accounted for and can be assessed using a borehole
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deviation logging tool after well completion. If care is taken in data acquisition and processing, errors less
than 0.002 m/ns (0.0066 ft/ns) can be obtained.

5.8 Electrical Resistivity Imaging

Ficld, laboratory, and theorctical studics have reported relationships between the clectrical resistivity and
physical propertics of variably saturated soils. Excellent correlations between soil clectrical resistivity and
water content have been demonstrated at laboratory scales; however, application of the method at field
scales presents more challenges to successful implementation. Relationships between clectrical resistivity
and soil moisture depend on soil mineralogy, texture, hydraulic propertics, and chemistry. Scveral petro
physical relationships have been developed, cach with their own advantages and disadvantages. Archic’s
law (Archic, 1942) is onc such rclationship that has scen widespread use relating the bulk electrical

conductivity C, (the inversc of resistivity) in terms of the porosity @, degree of saturation S, = 6/¢, and

clectri * conductivity of the saturati fluid C :
C,=C.9"S, [11]

The cementation exponent, m, typically takes on values in the range 1.3-2.0 and depends upon the pore
nctwork. The saturation cxponent, n, is related to the wetability of the soil with values normally very
close to two. It is assumed here that the mineral component does not significantly contribute to clectrical
conduction of the sample. The presence of clay mincrals can invalidate this assumption, therefore
requiring the use of alternative descriptions. Determining the parameters that correctly describe the site
specific electrical resistivity response to moisture changes is a crucial component for monitoring water
content changes.

5.9 Neutron Probe

Soil water content determination using ncutron scattering probes has become a standard method over the
past several decades. Neutrons interact with matter by elastic and inclastic scattering and by nuclear
capture. Each interaction depends on the type of nuclei and the cnergy of the ncutron. Hydrogen
cfficiently scatters and slows neutrons largely duc to the fact that its nuclear mass and size is very closc to
that of a neutron. This process is called thermalization and reduces the ncutron cnergy to approximatcly
the molecular kinetic energy at room temperature (0.025 cV).

A neutron probe consists of a high energy (greater than 5 McV) neutron source, a thermal neutron
detector, and the electronics required for counting and storing the measured response. A fast neutron
source placed within moist soil develops a densc cloud of thermal neutrons around it. A thermal neutron
detector placed ncar the source samples the density of the generated cloud. The concentration of
thermalized neutrons is affected by both soil density and clemental composition. The clay content of soils
can affect ncutron probe calibration due to the presence of significant quantitics of irremovable hydrogen
in addition to carbon which is also is cffective at ncutron scattering. Elements that affect the thermalized
ncutron density through ncutron capturc and commonly occur in soils are boron, cadmium, chlorine, iron,
fluoring, lithium, and potassium. Neutrons arc absorbed by thesc elements followed by nuclear
disintcgration and the cmission of energy and other nuclear particles, reducing the thermalized neutron
density. Soils that have large differences in the amounts of clay, organic matter, or clements with high
ncutron scattering or capturc cross sections will require soil specific calibrations.

A ncutron probe repcatedly counts the number of ncutrons that are measured by the detector over
a discrcet interval of time. The statistics of ncutron detection can be described by the Poisson distribution
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with a mean, X and standard deviation, ¢ n" % The variance duc to random neutron emission can also
be calculated and used to estimate the count time required for this component to be below a specified
limit. The Chi ratio, defined as S/ m" 2, should give values close to onc for a properly operating neutron

probe. Valucs observed that are appreciably greater or lower than one can signal probe malfunction. Most
commercially available probes include a routine for calculating this valuc and it is recommended that this
be frequently performed as part of the monitoring procedure. It is also a necessary practice to perform
regular counts in a standard medium such as the probe shield or surrounded by a large volume of water.
The probe must be located at least one meter above the ground and three meters laterally from any
neutron modecrators, including the opcrator.

Calibration is best perfi  1ed using the count ratio C, defined as the count taken in the material being
measured, X divided by the standard count . This allows the calibration to remain valid even as the

source naturally decays. For modern neutron probes, volumetric soil water content 6, can be well
described as a linear function of the count ratio:

6, =4-C +B [12]
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7 Data Management
The following types of data were collected:
e Signals from in situ instrumentation emplaced to monitor the desiccation process
e Pcriodic ncutron moisture logging
e Pcriodic gas sampling
e Periodic cross-holc radar logging
¢ Borehole ancmometry characterization of the injection and extraction wells
o >ove  ound sthatme rcinject a2 o°xt  cc s propertics and power consumption
¢ Chcmical and physical properties of collectcd condensate

¢ Chemical and physical propertics of sediment samples collected during ground truthing following the
period of active desiccation

A project-specific databasc will be developed and maintained to collect, organize, store, verify, validate,
and managc analytical laboratory data and/or ficld measurcments for cnvironmental samples. The data
will be stored cleetronically in Microsoft Excel spreadsheets, and paper copies will be maintained in the
project files. A projcct data custodian will be designated to control and maintain the data. Figure 7-1
provides a data management flow diagram for information derived from monitoring components

and testing.

Monitoring Components

Soil Water Pressure Soll water Content Soil Temperature Soil Gas Humidity

|

| T

HDU TCP DPHP Cross-hole Neutron ERT HOU Tharmistor TCP Houmidity Gas
l l 1 Radar Probe l l 1 l Probe Sampling
Dataiogger
RF Tel y & Post
Telephone Processing
3 Central Database
LEGEND l
HDU - heat dissipation unit Analysis
DPHP - dual probe heat puise
TJCP - thermocouple psychrometer
ERT - electrical resistance termography
Reporting

CHORCIONE 20 +

Figure 7-1. Vadose Zone Monitoring Components, Instrumentation, and Data-Collection
Management Flow Diagram for the Soil Desiccation Pilot Test
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The Sample Management and Reporting organization, in conjunction with the Project Manager, is
responsible for ensuring that analytical data arc appropriately reviewed, managed, and stored in
accordance with applicable programmatic requirements governing data management procedures. Pertinent
analytical data collccted in the laboratory will also be recorded in the Hanford Environmental Information
System,

Dctails of the data management plan are included in the SAP (DOE/RL-2010-83).
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A key monitoring parameter will be the duration that soil moisture is rctained below a target level, as
determined based on modeling predictions of the soil moisturc that mitigates contaminant migration. 1f
soil moisturc incrcases, contaminant concentrations will be cvaluated against bascline concentrations to
assess contaminant migration and how dcsiccation affccts concentrations during any continued migration.
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9 Health and Safety

The health and safcty requircments for this treatability test arc contained in the hcalth and safety plan. Air
monitoring will be conducted in accordance with the EPA-approved radiological air monitoring plan
prepared for this study. Both of these plans will be issued separately before field work is initiated.
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10 Waste Management

The waste management requirements for this trcatability test are contained in the waste control plan
(SGW-34277, Rev. 2, Waste Control Plan for the BC Cribs and Trenches Area in the 200-BC-1 OU).
This revision addresses potential disposition of condensate contaminated with Tc-99.
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11 Community Relations

A key goal of public involvement is to obtain stakcholder perspectives on issues atfecting the TPA
(Ecology, EPA, and DOE, 1989) and to facilitatc broad based participation in the Hanford Sitc decision
making process. The Tri-Partics, which include DOE, EPA, and Ecology, believe that public involvement
is esscntial to the success of Hanford Site clcanup.

11.1 Purpose

The purposc of this chapter is to provide an overview of the public involvement opportunities for this
trcatability test. It identifics the opportunities to inform and involve stakeholders and the public.

11.1.1 Definition of Stakeholders and General Public

Stakcholders are described as individuals who sce themselves affected by and/or have an intercst in
issucs, and commit time and energy to participate in decisions. Hanford Site stakeholders include local
governments, local and rcgional businesses, the Hanford Site workforce, local and regional environmental
intercsts, and local and regional public hcalth organizations.

The general public comprises those individuals who arc awarc of, but may choosc not to be involved in,
decisions. It is the responsibility of the agencics to provide the public with meaningful information on
upcoming decisions so they can choose whether to become involved in Hanford Sitc decisions.

11.1.2 Availability of the Treatability Test Plan

The Tri-Partics are making this treatability test plan available to the public by including it in the
Administrative Record. No public comment period is required for this test plan; therefore, no formal
public review and comment period is scheduled. Tribal nations, stakcholders, and the general public arc
encouraged to usc this document and other documents produced during this study as rcsources for
considering the Tri-Partics’ decisions concerning Hanford Site Central Platcau waste sites. Preferred
alternatives for thesc waste sites will be selected only after the public comment period has ended for the
applicable proposcd plan, which is being supported by this treatability test, and thc comments on the
proposed plan have been reccived, reviewed, and considered.

11.2 Public Comments

All public comment periods on TPA documents are announced in regional newspapers. As described
above, public comments on this treatability test plan will be received during the formal public review
periods for proposcd plans that invoke this treatability test.
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12 Reports

An interim report will be issued following completion of the active portion of desiccation and collection
of initial ground truthing data. That report will provide an asscssment of operational success and
compilation of parameters that can be used to support implementability, short-term effectiveness, and cost
cvaluation of the process. At the conclusion of long-term monitoring and cvaluation of how the
desiccation zone changes over time, a final report will be issucd.

Reports to management on data quality issues will be made if and when these issues arc identified. These
issues will be reported to the project manager by laboratory or field sampling and analysis personnel.
Subscquently, standard reporting protocols (c.g., project status reports) will be used to communicate these
issues to management. Because no performance or system assessments are planned as part of this
treatability test, the project manager will not be providing audit or assessment reports to management
unless an unanticipated request is made to conduct such an asscssment.

At the end of the project, a data quality assessment (DQA) report will be prepared to evaluate whether the
type, quality, and quantity of data that were collected met the intent of the DQO prepared for this
trcatability test.
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13 Schedule

A summary project schedule and the schedule drivers are listed in Table 13-1. A more detailed schedule is
provided in Figurc 13-1.

Table 13-1. Project Schedule

Activity Due Date Driver
Initiate field testing for the characterization phase of the June 30, 2009 Tri-Party Agreement Milestone
SDPT M-015-53°
Issue SDPT characterization phase report March 30, 2010 Project goal®
SDPT {0 Octo 30 M0 P -
Complete active portion of SDPT April 30, 2011 Project goal’
Submit Draft A test report to Regulator June 30, 2012 Tentative Tri-Party Agreement

Milestone M-015-110D°

a. Ecology, EPA, and DOE, 2007, Approved Tri-Party Agreement Modifications for Central Plateau Waste Site and
Groundwater Remediation.

b. DE-AC06-96RL13200, Contract Between the U.S. Department of Energy, Richland Operations Office, and Fluor
Hanford, Inc.

c. Ecology, EPA, and DOE, 2010, Tentative Agreement on Hanford Federal Facility Agreement and Consent Order
Change Forms Implementing the Central Plateau Cleanup Strategy.

This treatability test does have an associated TPA milestone, M-015-110D, which has been tentatively
accepted (Ecology et al., 2010) to emphasize increasing focus on deep vadose technology development
and testing. An associated TPA milestone focuscs on a uranium sequestration pilot test.
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15 Budget

This trecatability test will be conducted by RL. Funding for all environmental restoration conducted at the
Hanford Sitc is distributed to RL from thc DOE Hecadquarters. Distribution of funds is based on the
allocation provided to DOE in the President’s Budget. Because of this, it is possible that not all funds
requested for performance of activities arc provided in a given FY.

CHPRC projeet management has prepared detailed cost estimates for the work required to complete this
trcatability test. Becausc not all activitics will be completed in a single FY, all that is known about the
budgect for completion of this project is what is available in the current FY. As of publication of this test
plan, the activitics planned to be completed in FY2010 of the treatability test arc funded and will be
performed as described. Project cost-to-date through FY 2010 is estimated at approximately $3.9M,
including supporting laboratory experiments and numerical simulations. Final startup preparations will be
completed in the first month of FY 2011, and then the active desiccation portion of the SDPT will
commence. Anticipated additional cost to complete the test is approximately $3.4M, which includes

five years of monitoring and data collection.
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